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Abstract

Objective: To evaluate outcomes and prognostic factors after decompressive

hemilaminectomy in paraplegic medium to large breed dogs with extensive epidural

hemorrhage (DEEH) and thoracolumbar intervertebral disc extrusion (TL-IVDE).

Study design: Retrospective, cohort, descriptive study.

Animals: Fifty-nine client-owned dogs.

Methods: Medical records and advanced imaging were reviewed for paraple-

gic dogs with DEEH. Ambulatory status 6 months after surgery and postopera-

tive complications were recorded. Multiple logistic regression models were

constructed to explore prognostic factors.

Results: Records of 22 dogs with and 37 dogs without pelvic limb pain perception at

presentationwere included.Median age of dogswas 5 years (interquartile range, 4-7),

andmean weight was 26.9 kg (SD, ±9.71). Labradors and Labrador mixes were most

common (17/59 [28.8%]). Recovery of ambulation occurred in 17 of 22 (77.3%) dogs

with and in 14 of 37 (37.8%) dogs without pain perception prior to surgery. Progres-

sive myelomalacia was recorded in three of 59 (5.1%) dogs, one with pain perception

and two without pain perception at presentation. Postoperative complications (14/59

[23.7%]) were common. Factors independently associated with outcome included

clinical severity (odds ratio [OR] 0.179, P = .005), number of vertebrae with signal

interruption in half Fourier single-shot turbo spin-echo sequences (HASTEi; OR,

0.738; P = .035), and ratio of vertebral sites decompressed to HASTEi (OR,

53.79; P= .03).

Conclusion: Paraplegic medium to large breed dogs with DEEH have a less favor-

able outcome after surgical decompression than paraplegic dogs with TL-IVDE.

Clinical significance: Dogs with DEEH can have severe postoperative com-

plications. Loss of pain perception and increased HASTEi are associated with a

poor outcome, while more extensive decompression improves outcome.
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1 | INTRODUCTION

Acute thoracolumbar intervertebral disc extrusion (TL-IVDE)
is a common disorder in dogs because of the high prevalence
of intervertebral disc degeneration in this species.1 Dogs with
spinal cord injury (SCI) due to TL-IVDE can have a range of
clinical severity from spinal hyperpathia only to paraplegia
with loss of pelvic limb pain perception.2,3 Decompressive
surgery is usually advised when a dog is nonambulatory or
when medical management is considered unsuccessful.4,5

The surgical outcome of dogs with intact pain perception is
excellent (> 90%), while dogs without pain perception have
more variable outcomes, with most studies reporting recovery
rates of 50% to 60%, as summarized in a recent meta-
analysis.6

The calcified disc material extruded secondary to acute
TL-IVDE can lacerate the internal vertebral venous plexus,
causing extensive epidural hemorrhage and hematoma for-
mation, previously given the acronym of DEEH for disc-
associated extensive epidural hemorrhage.7 This sequela can
lead to multilevel extradural compression of the spinal cord,
requiring a multisite decompressive surgery. Advanced imag-
ing characteristics, clinical features, and outcomes of dogs
with DEEH have been described.7-12 Researchers in two of
these studies examined the outcome of dogs with DEEH and
concluded that the results of surgical decompression were
similar to those obtained in dogs with TL-IVDE without
extensive epidural hemorrhage.7,11 However, these studies
included dogs of all sizes and injury severity. Nearly 9% of all
nonambulatory dogswith IVDE that present to our institution
have DEEH; they are a small but important part of our emer-
gency caseload.13 Our perception was that these dogs did not
have the same outcomes as dogs with TL-IVDE without
DEEH. Researchers in several studies have found that body
size impacts recovery,14-16 and there is evidence that dogs with
multilevel SCI have a worse prognosis compared with dogs
with focal injury.17-19

We hypothesized that medium to large breed dogs
with DEEH causing paraplegia with or without pain per-
ception would have a worse outcome than that reported
for dogs with TL-IVDE without DEEH. We sought to
determine the long-term outcome of this specific group of
dogs, to describe complications in their care, to identify
prognostic factors, and to investigate the relationship
between extent of surgical decompression and outcome.

2 | MATERIALS AND METHODS

2.1 | Case selection criteria

Radiology reports and discharge summaries fromNorth Caro-
lina State Veterinary Hospital (NCSVH) were searched to

identify dogswithDEEHbetween January 1, 2009 andAugust
31, 2019. Search terms included intervertebral disc extrusion/
herniation, epidural/extradural hemorrhage/hematoma, and
extensive epidural/extradural compression. Dogs were identi-
fied that met the following inclusion criteria: paraplegic with
or without pain perception at presentation, weight > 10 kg,
MRI or computed tomography (CT) results that provided evi-
dence of acute IVDE with epidural hemorrhage causing com-
pression over > 2 consecutive intervertebral disc spaces,
surgical decompression, and outcome established 6 months
after injury. A diagnosis of epidural hemorrhage was made
according to MRI results when the compressive epidural
material had T2-weighted (T2W) hyperintense or heteroge-
neous signal, variable T1-weighted intensity, and susceptibil-
ity artifact on T2*-weighted sequences, if available.11 On CT
images, epidural material with an intermediate attenuation
(50-90 Hounsfield units) was identified as hemorrhage
(Figure 1).8,10

Dogs were divided into two groups, paraplegic with
pain perception and paraplegic without pain perception.
Dogs with only a partial sensorimotor loss (eg, lack of
pain perception in one hind limb only) were placed in
the category of paraplegic with pain perception.

2.2 | Data collection

Data were collected from the medical records and review
of advanced imaging. Clinical data obtained from the
medical record included breed, age, weight, sex (female,
male; spayed, castrated), and severity of SCI (presence of
pain perception, yes or no) at presentation.

2.2.1 | Imaging morphometry

Images were generated with either a 1.5- or 3.0-T magnet
(Siemens Medical Solutions, Erlangen, Germany) or with 64-
or 16-slice CT (Siemens Medical Solutions, Erlangen, Ger-
many or GE, Boston, Massachusetts; respectively). Images
were viewed in eUnity software (Client Outlook Inc, Ontario,
Ontario, Canada). Measurements were made by one of the
authors (C.W.W.) as follows: (1) number of vertebrae with
interruption (loss) of the subarachnoid signal on half Fourier
single-shot turbo spin-echo (HASTE) sequences, called
HASTEi (the length of HASTE signal loss was rounded to the
nearest half vertebra; HASTEi was unable to be determined
on dogs with CT imaging); and (2) maximum spinal cord
compression ratio (MSCC), calculated by taking the ratio of
remaining spinal cord area at maximum compression to the
mean spinal cord area one intervertebral disc space cranial
and caudal to the end of compression on transverse images.20

For dogs in which the spinal cord area measurement caudal
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to the compression would involve the conus medullaris or
cauda equina, only the cranial spinal cord area measurement
was used. The MSCC ratio was calculated on both MRI and
CT images.

2.2.2 | Surgical information and
postoperative management

Surgeries were performed by neurology or surgery residents
and/or board-certified neurologists. Data obtained from the
medical record included time from nonambulatory status
(as identified by the owner and/or referring veterinarian) to
surgery (categorized as < 24 hours or > 24 hours), number
and location of vertebral sites decompressed, and the ratio of
the number of vertebral sites decompressed to the number of
vertebral sites with HASTE interruption (cut:HASTEi). The
duration of hospitalization and postoperative complications
were recorded. A diagnosis of progressive myelomalacia
(PMM) was made either presumptively by consistent, pro-
gressive clinical signs in paraplegic pain perception negative
dogs (advancement of caudal border of cutaneous trunci
reflex, pelvic limb areflexia, loss of abdominal tone)18 or was
definitively identified by results of necropsy.

2.3 | Outcomes

Outcomes were assessed at 6 weeks and 6 months post-
operatively. Methods of follow-up included recheck
examinations at NCSVH or with referring veterinarians
or telephone interviews with owners. A successful out-
come was defined as recovery of independent ambulation
(the ability to take ≥ 10 unassisted steps). Within the 6-
month follow-up period, dogs that died or were
humanely euthanized for reasons related to their neuro-
logic status and/or complications of surgery were
included in the study and interpreted as an unsuccessful
outcome when they had not returned to ambulation at
their time of death. Gross pathology and histology from
necropsies were reviewed when they were available.

2.4 | Statistical analysis

Summary statistics were prepared for clinical presenting
data, imaging morphometry, surgical data, and outcomes
with dogs grouped according to the severity of signs
(paraplegic with or without pain perception) at presenta-
tion. Continuous data are reported as mean and SD when

FIGURE 1 A-C, Magnetic resonance imaging of extensive epidural hemorrhage due to intervertebral disc extrusion in a dog. A, An example of

interruption of subarachnoid signal on half Fourier single-shot turbo spin-echo imaging due to extensive epidural hemorrhage. B, Sagittal

T2-weighted image from the same dog illustrating extensive epidural material. C, Transverse proton density-weighted image from the same dog

illustrating epidural material dorsolateral to the spinal cord at L1. White arrow, epidural material; white line outlines the compressed spinal cord. D,

Sagittal computed tomographic image without contrast in another dog. Black arrows, extensive epidural material with intermediate attenuation
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they were normally distributed or as median and inter-
quartile range (IQR) when there was a nonnormal distri-
bution. The Shapiro–Wilk W test was used to test for
normality. Categorical and ordinal data are reported as
frequency of occurrence. These data were prepared in
JMP Pro 14 (SAS Institute, Cary, North Carolina).

Multiple logistic regression models were fit predicting
successful long-term recovery to identify factors associ-
ated with long-term outcome. Models were built to repre-
sent the different stages of animal management; thus, the
first model evaluated factors associated with clinical pre-
sentation. These factors were age, weight, and severity of
SCI (intact pain perception, yes or no). The second model
incorporated clinical presentation and imaging data
(morphometric measurements of HASTEi and MSCC
ratio) to allow predictions to be made after imaging. Vari-
ables that could be rapidly and easily measured were cho-
sen to ensure clinical utility. The third model
incorporated these data as well as surgical decisions (time
from nonambulatory status to surgery, number of

vertebral sites of surgery, and cut:HASTEi). Models were
fit by using the stated variables and reduced via Bayesian
information criteria and then reported. Odds-ratios
(OR) were then calculated by exponentiation of the slope
with 95% CI reported on the OR scale. P < .05 was con-
sidered significant. These analyses were performed R ver-
sion 3.6.2 (R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. http://www.R-project.org/).

3 | RESULTS

3.1 | Clinical presentation and
outcome

Sixty-eight paraplegic dogs had evidence of DEEH
according to advanced imaging studies (Figure 2). Nine
dogs were excluded; six dogs were euthanized after
advanced imaging and prior to surgery, and three dogs

FIGURE 2 Flow diagram of the outcome of dogs with DEEH. Successful outcome was defined as a return to walking, and unsuccessful

outcome was defined as an inability to ambulate or euthanasia/death. Euthanasia was performed because of postoperative complications or PMM,

unless otherwise specified. DEEH, extensive epidural hemorrhage due to intervertebral disc extrusion; PMM, progressive myelomalacia
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(two that were paraplegic with pain perception and one
that was paraplegic without pain perception) did not
have long-term follow-up information available.

Records of 22 paraplegic dogs with pain perception
and 37 paraplegic dogs without pain perception were
included (Table 1). Overall, the most common breed was
Labrador retriever or Labrador mixes, accounting for
17 of 59 (28.8%) dogs. Median age for the entire DEEH
cohort was 5 years (IQR, 4-7), and mean weight was
26.9 kg (SD, ±9.71). There were 28 female spayed and
30 male castrated dogs and one male intact dog. Magnetic
resonance imaging was used for imaging in 51 dogs, and
CT was used for imaging in eight dogs. The time from
loss of walking to surgery was not available in the records

of five dogs; among the 54 dogs with this information
available, 38 (70.4%) had surgery within 24 hours of
becoming nonambulatory. Both groups (dogs with and
dogs without pain perception) had similar hospitalization
times (dogs with pain perception, median 5 days [IQR
4-6]; dogs without pain perception, 6 days [IQR 5-8]).

Overall, 17 of 22 (77.3%) dogs with pain perception
and 14 of 37 (37.8%) dogs without pain perception recov-
ered ambulation by 6 months after surgery (Figure 2).
Three (3/59 [5.1%]) dogs developed PMM, two of which
lacked pain perception at presentation. One of these dogs
developed PMM 22 days after surgery, which was con-
firmed by necropsy results. Postoperative complications
occurred in 14 of 59 (23.7%) cases; one dog had two

TABLE 1 Descriptive data of dogs with extensive epidural hemorrhage due to DEEH

Stages of patient
management Variables

Paraplegic with pain
perception, n = 22

Paraplegic without pain
perception, n = 37

Clinical presentation Breed, n (%)a

Labrador retrievers and mixes 9 (40.9) 8 (21.6)

Other mixed breeds 6 (27.3) 7 (19.0)

Pit bull terriers 1 (4.3) 5 (13.5)

Hound breeds and mixes 0 (0) 4 (10.8)

Rottweilers and mixes 0 (0) 3 (8.1)

Spaniel breeds and mixes 0 (0) 3 (8.1)

German shepherd dogs and Mixes 2 (9.1) 3 (8.1)

Sex, n (%)

Female spayed 9 (40.9) 19 (51.4)

Male castrated 13 (59.1) 17 (45.9)

Male intact 0 (0) 1 (2.7)

Age, y, median (IQR) 5 (5-7) 5 (4-7)

Weight, mean ± SD, kg 27.6 ± 9.36 26.4 ± 10.01

Imaging morphometry MSCC ratio, mean ± SD 0.65 ± 0.134 0.60 ± 0.151

HASTEi, mean ± SD 6.15 ± 2.248 6.65 ± 2.527

Vertebral sites of compression, n,
median (IQR)

3.5 (2.5-4.3) 3 (2.4-4)

Surgical information Time to surgery, n (%)b

< 24 h 13/22 (59.1) 25/37 (67.6)

> 24 h 7/22 (31.8) 8/37 (21.6)

Unknown 2/22 (9.1) 3/37 (10.8)

Sites cut, n, median (IQR)c 3 (2-3.3) 3 (2-4)

Cut:HASTEi, mean ± SD 0.55 ± 0.204 0.52 ± 0.194

Abbreviations: Cut:HASTEi, ratio of the number of vertebral sites decompressed to the number of vertebral sites with HASTE interruption; DEEH, extensive
epidural hemorrhage due to intervertebral disc extrusion; HASTE, half Fourier single-shot turbo spin-echo; HASTEi, number of vertebrae (to nearest half
vertebra) with interruption (loss) of subarachnoid signal on HASTE sequences; IQR, interquartile range; MSCC, maximum spinal cord compression.
aBreeds are omitted from table when there was only one dog of that breed represented in population.
bDefined as time from nonambulatory (as identified by the owner and/or referring veterinarian) to surgical time, separated into <24 h or > 24 h.
cVertebral sites of surgical decompression.
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complications (aspiration pneumonia in the hospital with
subsequent recovery from pneumonia and then sudden
death 60 days after surgery with no necropsy performed;
Figure 3). In addition to the three dogs that were eutha-
nized because of PMM, five of 14 (33.3%; two with pain
perception, three without pain perception) dogs had com-
plications that resulted in death or euthanasia, and three
of five (60%) of these fatal complications occurred within
the first 2 postoperative weeks.

3.2 | Factors associated with outcome

Multiple logistic regression models were built to evaluate
variables that predict the outcome at three different

points in case management: presenting signs and history,
imaging morphometry, and surgical information
(Table 2). The only factor at presentation that was associ-
ated with outcome was clinical severity, with paraplegic
dogs without pain perception having a worse outcome
than those with pain perception (OR, 0.179; P = .005).
Weight and age were not associated with outcome. When
imaging was added to the model, there was a negative
association between HASTEi and successful outcome in
addition to clinical severity (OR, 0.738; P = .035). Finally,
when surgical data were incorporated, there was a posi-
tive association between a successful outcome and cut:
HASTEi (OR, 53.79; P = .03), providing evidence that
outcome is improved by a more extensive longitudinal
decompression.

FIGURE 3 Postoperative complications

and PMM in dogs with extensive epidural

hemorrhage due to intervertebral disc

extrusion. Asterisks, same dog that had two

complications; circles, paraplegic with pain

perception; squares, paraplegic without pain

perception; virgule, dog died or was

humanely euthanized as a result of the

complication. FUO, fever of unknown

origin; MDR UTI, multiple drug resistant

urinary tract infection; PMM, progressive

myelomalacia

TABLE 2 Prognostic factors in paraplegic medium to large breed dogs with DEEH

Stages of patient management Variables P-value OR estimate OR lower OR upper

Clinical presentation Grade 0.005 0.179 0.054 0.593

Age 0.383 0.877 0.652 1.179

Weight 0.248 1.036 0.976 1.1

Imaging morphometry Grade 0.008 0.151 0.038 0.605

HASTEi 0.035 0.738 0.556 0.979

MSCC 0.171 29.036 0.232 3629.131

Surgical information Grade 0.007 0.144 0.035 0.582

Cut:HASTEi 0.030 53.790 1.476 1959.750

Sites cuta 0.638 1.189 0.578 2.443

Time to surgeryb 0.737 1.292 0.290 5.760

Note: Multiple logistic regression for model selection, fit to represent the different stages of animal management. All reported confidence intervals are 95%

intervals for the OR.
Abbreviations: Cut:HASTEi, ratio of the number of vertebral sites decompressed to the number of vertebral sites with HASTE interruption; DEEH, extensive
epidural hemorrhage due to intervertebral disc extrusion; HASTE, half Fourier single-shot turbo spin-echo; HASTEi- number of vertebrae (to the nearest half
vertebra) with interruption (loss) of subarachnoid signal on HASTE sequences; MSCC- maximum spinal cord compression; OR, odds ratio; Pr(>jzj).
aNumber of vertebral sites decompressed.
bTime from nonambulatory status (as identified by the owner and/or referring veterinarian) to surgery.
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4 | DISCUSSION

Medium to large breed dogs with DEEH causing severe
SCI had a poorer outcome compared with dogs with TL-
IVDE,6 partially because of frequent complications. Fac-
tors associated with outcome included injury severity at
presentation, HASTEi, and cut:HASTEi.

The ventral internal venous plexus is a bilateral thin-
walled and valveless blood vessel which lies on the floor of
the vertebral canal and extends from the basilar sinus of the
calvarium to the caudal vertebrae.21 The vertebral venous
system has long been implicated as a route for spread of
metastasis or migration of bacterial emboli22 and, more
recently, has been shown to have abnormalities that can
cause radiculopathy and myelopathy in dogs.23 As we con-
firmed in our study, laceration of this venous plexus due to
IVDE can be associated with extensive spinal cord compres-
sion, paralysis, and loss of pain perception. Our search
terms included both IVDE (typically indicating extrusion of
calcified nuclear material) and intervertebral disc hernia-
tion, which is a broader umbrella term. However, it is nota-
ble that every case identified by using these search terms
had extruded calcified disc material, providing evidence that
acute IVDE is more likely to injure the venous plexus com-
pared with other forms of disc herniation.

In this study, we focused on the outcome of surgically
treated paraplegic dogs with DEEH. There are extensive
data on the outcome of dogs with TL-IVDE not compli-
cated by extensive epidural hemorrhage. When a meta-
analysis of published data was performed, the mean per-
centages of paraplegic dogs with and without pain per-
ception that recovered from hemilaminectomy were 93%
and 61%, respectively.6 In comparison, the population of
dogs with DEEH in the study reported here had a worse
prognosis for recovery of walking (77.3% and 37.8% with
and without pain perception, respectively). There are sev-
eral potential reasons why these dogs had a poorer out-
come. Multilevel spinal cord disease has been associated
with a worse outcome in dogs, both in the extent of intra-
medullary T2W hyperintensity17,18,24,25 and in the extent
of longitudinal epidural compression.18,19,26 Extensive
epidural compression may affect spinal cord perfusion
and intraparenchymal pressure and, consequently, dam-
age neuropil integrity more than focal compression. In
addition, hemorrhage can initiate an inflammatory cas-
cade that may further exacerbate injury in the adjacent
spinal cord parenchyma. Erythrocyte breakdown prod-
ucts lead to production of inflammatory cytokines with
resultant free radical formation, lipid peroxidation, and
extravasation of macrophages and neutrophils.27 This
inflammation can lead to vasospasm, which can further
worsen spinal cord perfusion and propagate SCI. Further-
more, the poorer outcome of our population of dogs may

be reflected in the weight cutoff for this medium to large
breed DEEH cohort. The mean weight of our population
was 26.5 kg, and weight has been shown to have an influ-
ence on postoperative recovery speed and overall out-
come in some studies.14,15,28

Postoperative complications, many of which resulted
in euthanasia, were commonly associated with the chal-
lenges of nursing large, paralyzed dogs. This complica-
tion rate affected the overall outcomes reported. For
example, were the dogs that were euthanized in the
first 2 weeks because of complications removed from
outcome analysis, the recovery rates would improve to
17 of 20 (85%) for paraplegic dogs with pain perception
and 14 of 35 (40%) for paraplegic dogs without pain
perception. The high complication rates provide evi-
dence that nursing large, paralyzed dogs is more chal-
lenging than nursing smaller dogs, and this warrants
thorough conversations with owners about potential
postoperative pitfalls. However, it is important to note
that postoperative complications in paraplegic dogs with
TL-IVDE are not limited to medium to large breed
dogs. In an effort to prevent complications in hospital,
the clinician should pay particular attention to the
instructions provided to the nursing staff to help avoid
the development of decubital ulcers, aspiration pneumo-
nia, and urinary tract infections, and diligent monitor-
ing (eg, frequent respiratory rate and effort checks,
monitoring rectal temperature trends) is important. It is
essential to communicate clinical concerns to hospital
nursing staff to increase awareness of and help reduce
potential complications.

Short- and long-term outcomes were defined at
6 weeks and 6 months after surgery in our study. The
return to unassisted ambulation after decompressive sur-
gery in paraplegic dogs with pain perception is often
rapid but can be protracted in dogs lacking pain percep-
tion.14,29 In a meta-analysis, Langerhuus and Miles6

found that the mean time to walking was 15 days in para-
plegic dogs with pain perception and 38 days in paraple-
gic dogs without pain perception. In a prospective study,
dogs that lacked pain perception continued to improve
3 months after injury.30 The choice of 6 months as a real-
istic final outcome time point was based on these data.
Among the dogs in our study, 14 of 20 (70%) paraplegic
dogs with pain perception and nine of 35 (25.7%) paraple-
gic dogs without pain perception were walking 6 weeks
after surgery. While most dogs that recovered were walk-
ing by 6 weeks, a small number went on to regain ambu-
lation by 6 months, providing evidence that recovery can
be quite protracted.

The owners of six dogs (three from each group of
severity) pursued MRI but ultimately elected humane
euthanasia prior to surgery. Reasons documented for
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euthanasia included owners reconsidering financial com-
mitment, concerns about postoperative management and
their pets' quality of life, and overall prognosis. Clinicians
discussing multilevel spinal cord compression, extensive
surgery, and challenges associated with nursing these
large paralyzed dogs may have prompted the owners'
decisions. Complications occurred in the hospital and at
home, highlighting the requirement for clear discussion
of the challenging nature of these cases with owners. In
addition, the potential for emotional toll in taking care of
these dogs is reflected in the findings in a previous study
in which owner-assessed quality of life (QOL) was worse
in nonambulatory dogs.31 Indeed, some owners have
reported a decrease in their own QOL while caring for a
pet with severe SCI.32 However, many of these QOL stud-
ies were conducted in predominantly small breed
dogs.32,33 Future studies could determine whether there
is any discrepancy in owner and pet QOL in caring for
medium to large breed paraplegic dogs compared with
previously reported small breeds.

Labrador retrievers and Labrador retriever mixes were
most commonly represented (28.8%) in our population.
This may reflect the popularity of this breed in our hospital
but justifies further investigation of breed prevalence.
Magnetic resonance angiography or postmortem examina-
tion of the vasculature may be useful to evaluate potential
differences of ventral internal venous plexus in this breed.
In addition, additional examination of the relative dimen-
sions of the vertebral canal and spinal cord in different
breeds is warranted to potentially account for the spread
of epidural hemorrhage. The FGF4 retrogene insertion on
chromosome 12 has been identified as the mutation
responsible for chondrodystrophy and subsequent IVDE
in dogs.34 However, by selecting dogs >10 kg, we excluded
many of the short-legged breeds with a high prevalence of
this retrogene (eg, dachshund, Pekingese). Therefore,
additional investigation is warranted to determine why
the Labrador retriever and other nonchondrodystrophic
breeds can have prematurely calcified intervertebral discs,
which lead to the potential for DEEH.

Multivariate analyses of clinical presenting factors
were initially used to provide prognostic information that
builds on clinical information gained during imaging and
then at surgery. We then added imaging findings to this
model, and, finally, taking significantly associated factors
into account, we added surgical information. The severity
of signs at presentation (ie, whether the dog had intact
pain perception) unsurprisingly influenced outcome.
When imaging was incorporated, increased HASTEi was
associated with a poor outcome. The maximum compres-
sion of the spinal cord in the transverse plane was not
associated with outcome. The HASTE sequence high-
lights the cerebrospinal fluid (CSF) within the

subarachnoid space and is, therefore, useful for assessing
the extent of extradural, intradural, and intraparenchymal
lesions.35 Disturbance in CSF flow will result in loss of the
HASTE signal, making it sensitive to changes within the
spinal cord beyond the site of compression. Therefore, the
HASTEi likely captures extensive epidural hemorrhage
and spinal cord swelling, both of which potentially lead to
a poorer outcome. Quantitation of HASTEi is straightfor-
ward, unlike more involved measurements of the degree
of spinal cord compression, and it has been used previ-
ously to predict development of PMM.19,36 While the com-
bination of clinical severity and HASTEi was associated
with outcome, quantitative MRI can be an inconsistent
prognosticator in dogs with SCI, and these data should be
represented to the owner with care.37

Determining the extent of decompression presents a
problem in dogs with extremely extensive lesions because
of concerns about stability of the vertebral column38 and
the effect of prolonged anesthesia.39,40 We evaluated the
ratio of number of vertebral sites decompressed to number
of vertebral sites with loss of subarachnoid signal (cut:
HASTEi), and there was a better chance for a recovery
with more extensive decompression even when the initial
injury severity was taken into account. Another point of
discussion for surgeons is the timing of surgery. We evalu-
ated the time from when dogs became nonambulatory to
when they received surgery and found that it had no effect
on outcome, which is in line with recent studies.41,42 How-
ever, all but four dogs underwent surgery within 36 hours
of becoming nonambulatory. Among these four outliers,
two dogs had surgery within 36 to 48 hours from loss of
walking (both had pain perception and successful long-
term outcomes), and two dogs had surgery >48 hours from
loss of walking (both had absent pain perception and
unsuccessful outcomes). It is therefore not possible for us
to evaluate the effect of delaying surgery more than
36 hours after onset of paralysis.

Our study was limited by its a retrospective nature
and limited sample. A specific population of dogs that
were both larger than the usual chondrodystrophic
breeds that have TL-IVDE and also had DEEH were stud-
ied. This study was not designed as a case–control study
to evaluate the effect of the presence (or lack thereof) of
DEEH on outcome in medium to large breed dogs. While
weight was not associated with outcome in our analysis,
it is important to note that the dogs in our population
were both larger than the typical dog with TL-IVDE and
had DEEH. A case–controlled study of large dogs without
DEEH would be required to determine the full impact of
this complication on outcome. Final outcome was
established by using in-house and referring veterinarian
evaluations as well as telephone interviews that some-
times relied on the recollection of owners. However,
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while there may have been improperly recalled timelines
from owner interviews, it was infrequent that this was
the only method of follow-up. The data on complications
were an important aspect of this project and were largely
retrieved from the NCSVH medical records and owner
communications; thus, complications that occurred after
discharge and were managed by the local veterinarian
might have been missed. In addition, imaging morphom-
etry was performed by one of the authors (C.W.W.), who
was not blinded to the outcome of these dogs.

In conclusion, surgically treated medium to large
breed paraplegic dogs that had DEEH had worse out-
comes than those previously reported for dogs with acute
TL-IVDE. Long-term successful outcome was recorded in
77.3% of paraplegic dogs with pain perception and in
37.8% of paraplegic dogs without pain perception. Postop-
erative complications were common, having been
reported in 14 of 59 (23.7%) dogs, with an additional
three dogs that developed PMM. These outcomes par-
tially reflect the difficulty for owners of managing large,
nonambulatory dogs. Clinicians and owners should be
aware of these challenges and emphasize client commu-
nication before pursuing surgery. Factors negatively asso-
ciated with outcome included worse injury severity at
presentation and increased HASTEi, while larger cut:
HASTEi was associated with an improved outcome, pro-
viding evidence that longer decompression was benefi-
cial. In addition, Labrador retrievers and their mixes
appear to have a high incidence of DEEH. Additional
studies are recommended to understand the development
of DEEH, whether certain breeds of dog are more suscep-
tible to DEEH, and how this sequela to acute TL-IVDE
contributes to more severe SCI.
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