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Background: Extraparenchymal spinal cord hematoma has been described in veterinary medicine in association with

neoplasia, intervertebral disk disease, and snake envenomation. There are rare reports of spontaneous extraparenchymal

spinal cord hematoma formation with no known cause in human medicine. Multiple cases of spontaneous extraparenchy-

mal spinal cord hematoma have not been described previously in veterinary medicine.

Objectives: To describe the signalment, clinical findings, magnetic resonance imaging (MRI) features, and surgical

outcomes in histopathologically confirmed extraparenchymal spinal cord hematomas in dogs with no identified underlying

etiology.

Animals: Six dogs had MRI of the spinal cord, decompressive spinal surgery, and histopathologic confirmation of

extraparenchymal spinal cord hematoma not associated with an underlying cause.

Methods: Multi-institutional retrospective study.

Results: Six patients had spontaneous extraparenchymal spinal cord hematoma formation. MRI showed normal signal

within the spinal cord parenchyma in all patients. All hematomas had T2-weighted hyperintensity and the majority (5/6)

had no contrast enhancement. All dogs underwent surgical decompression and most patients (5/6) returned to normal or

near normal neurologic function postoperatively. Follow-up of the patients (ranging between 921 and 1,446 days) showed

no progression of neurologic clinical signs or any conditions associated with increased bleeding tendency.

Conclusions and Clinical Importance: Before surgery and histopathology confirming extraparenchymal hematoma, the

primary differential in most cases was neoplasia, based on the MRI findings. This retrospective study reminds clinicians of

the importance of the combination of advanced imaging combined with histopathologic diagnosis. The prognosis for spon-

taneous spinal cord extraparenchymal hematoma with surgical decompression appears to be favorable in most cases.
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In dogs, extraparenchymal spinal cord hemorrhage
most often is associated with intervertebral disk

herniation.1–6 There also are some case reports of hem-
orrhage around the spinal cord secondary to coagulop-
athies, such as Von Willebrand’s Disease,7 brown
snake envenomation,8 and hemophilia A.9 In addition,
there are reports of hemorrhage associated with granu-
lar cell neoplasia in the lumbar spine,10 hemangiosar-
coma in the thoracic spinal cord,11 trauma,12 and
spinal surgery.13

In human patients, the most common causes of
extraparenchymal spinal cord hematoma include
coagulopathies, anticoagulant treatment, vascular
anomalies, intervertebral disk disease, neoplasia, and
epidural catheters.14 Of those patients diagnosed with

extraparenchymal hematoma, an underlying etiology of
the bleeding cannot be determined in 29.7% of cases.
These cases are classified as spontaneous hematoma.14

The goal of this report was to describe the condition
of spontaneous extraparenchymal spinal cord hemor-
rhage in dogs including the signalment, history, initial
clinical presentation, diagnostic findings, and surgical
outcomes. A recent case report describes the MRI fea-
tures and surgical outcome in an intradural, extrapa-
renchymal spinal cord hematoma.15 To the author’s
knowledge, this report is the first retrospective evalua-
tion of multiple cases of spontaneous extraparenchy-
mal spinal cord hemorrhage in dogs.

Materials and Methods

Criteria for Selection of Cases

A search of the University of Pennsylvania, School of Veteri-

nary Medicine, Department of Pathobiology surgical biopsy

database included all dogs with hemorrhage associated with the

vertebral canal from 2000 to 2012. Cases with histopathologic

evidence of neoplasia or disk material were excluded. The medi-

cal records were searched using the following search criteria:

MRI of the spinal cord, surgical removal and biopsy of the hem-

orrhagic tissue, histopathologic diagnosis of hematoma, neuro-

logic examination (pre- and postsurgery), no evidence of prior or

progressive hemorrhagic states, and no history of trauma. For
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the latter criteria, patients were evaluated for the following fac-

tors: Normal CBC findings including erythrocyte and platelet

numbers, normal coagulation profiles (available for only 1

patient), and no history of anticoagulant treatment (eg, aspirin).

Procedures

Six cases diagnosed with extraparenchymal hematoma met the

search criteria. Three cases were from Bush Veterinary Neurology

Service, 2 cases were from Red Bank Veterinary Hospital, and 1

case was from the University of Pennsylvania. The following

information was retrieved from the medical records: signalment,

history, physical examination findings (including neurologic

examination findings), clinical laboratory results, MRI findings,

and surgical description. In addition, short-term follow-up (12–
16 days after surgery) at suture removal with physical examina-

tion findings (including neurologic examination findings) also

were recorded. When available, long-term follow-up (>2 years

from surgery) was completed by telephone or email conversation

with the owners.

The neurologic grade was determined for each patient pre-

and postsurgery (10–17 days) using an adjusted modified Frankel

spinal cord injury scale (Fig 1).16 High-field MRIa ,b was utilized

and all patients were imaged pre- and post-IV gadolinium con-

trast administration.c ,d The images initially were reviewed by a

board-certified neurologist or radiologist, or both involved with

the case, and retrospectively, all MRI findings were reviewed by

a single board-certified radiologist (SJ). The T1-weighted (pre-

and postgadolinium contrast) and T2-weighted characteristics of

the extraparenchymal hemorrhagic material were recorded in

comparison to the spinal cord parenchyma.17

Results

Signalment

There were 2 mixed breed dogs and 1 of each of the
following breeds: Greyhound, Australian cattle dog,
Boxer, and Labrador Retriever. Three dogs were
spayed females and 3 were castrated males. The med-
ian age at diagnosis was 6 years (range, 1–9 years).
The median body weight was 31 kg (range, 19–42 kg).

History and Initial Clinical Presentation

The median time between the initial clinical signs
reported by the owners and time to presentation and
imaging was 3.5 days (range, 1–13 days). All dogs had
a history of progressive clinical signs. Two dogs had
an acute onset (1–2 days) and 4 dogs had a chronic
onset (3 days to 2 weeks). On initial neurologic exami-
nation, the majority of patients were ambulatory with
some degree of paresis, 2 patients were nonambulatory
paretic, and 1 patient was paraplegic. All ambulatory

patients also exhibited proprioceptive ataxia. On exam-
ination of the majority of patients, pain was elicited by
manipulation of the vertebral column at the level of
associated hemorrhage (5/6). Based on neurologic
examination, 3 patients had neurologic lesions local-
ized to C1–C5, 1 patient to T3–L3, and 2 patients to
L4–S3.

Ancillary Diagnostics

All patients had preanesthetic CBC and serum bio-
chemistry profiles. The most common abnormality
identified was a mild leukocytosis or neutrophilia, or
both (4/6) and mild hyperglycemia (3/4), consistent
with stress. All patients had normal platelet counts
and a coagulation profile (prothrombin time/partial
thromboplastin time) performed in 1 patient was
normal.

Abdominal ultrasound examinations were performed
in 2 patients (33%) and showed no abnormalities.
Cerebrospinal fluid analysis was performed in 1 patient
and was normal.

MRI Findings

Magnetic resonance imaging of the cervical and tho-
racic spinal cord segments was performed in 3 patients
and of the thoracic, lumbar, and sacral spinal cord
segments in the other 3 patients. Extraparenchymal
lesions were observed at the following vertebral seg-
ments: the cervical spine in 3 patients (C2, C4–5, and
C5), the thoracolumbar spine in 1 patient (T13–L1),
and in the lumbar spine in 2 patients (L5 and L6–7).
In 5 cases, the hemorrhage was extradural and 1 case
it was intradural extraparenchymal.

In all cases, the following MRI sequences were
available for review and comparison: T1-weighted pre-
contrast (sagittal and transverse), T2-weighted sagittal
and transverse, and T1-weighted postcontrast trans-
verse images (Figs 2–4). Compared to the spinal cord
parenchyma, the T2-weighted imaging of the extrapa-
renchymal material was mildly hyperintense in half of
the cases, strongly hyperintense in 2/6 of cases, and
heterogenous to slightly hyperintense in 1 case. The ex-
traparenchymal hemorrhagic material appeared isoin-
tense on the T1-weighted images in the majority of
cases (4/6), mildly heterogeneously hyperintense in 1
case, and had peripheral ring hyperintensity in 1 case.
The extraparenchymal hemorrhagic material showed
strong contrast enhancement in 1 case and no contrast
enhancement in the other 5 cases. A T2* was available

Grade 1 – Plegia with absent nociceptive sensation  
Grade 2 – Plegia with intact nociceptive sensation 
Grade 3b - Nonambulatory paresis; inability to bear weight in limbs without support 
Grade 3a – Nonambulatory paresis; ability to bear weight in limbs without support 
Grade 4 - Ambulatory paresis  
Grade 5 – Normal gait with paraspinal hyperesthesia 

Fig 1. Adjusted modified Frankel spinal cord injury score.16

226 Hague et al



in 1 case, in which the extraparenchymal material
appeared hypointense, consistent with hemorrhage.

Postoperative MRI was performed in 1 patient and
showed complete removal of the intradural, extrapa-
renchymal material and decompression of the spinal
cord.

Histopathology Findings

All 6 biopsy samples were formalin fixed, paraffin
embedded, and stained with hematoxylin and eosin
(HE). A board-certified veterinary pathologist reviewed
the samples; the slides were retrospectively reviewed by
a single pathologist (AD). All of the samples showed a
coagulum of erythrocytes and fibrin, consistent with
hematoma, and no evidence of disk material or neo-
plasia was observed.

Surgical Outcomes

The following surgical procedures were performed:
right hemilaminectomy at C2–3, modified dorsal left
laminectomy at C4–5, dorsal laminectomy at C5, right
hemilaminectomy at T13–L1, left hemilaminectomy at
L3–5, and dorsal laminectomy at L6–7. All of the
extraparenchymal material was completely removed in
5/6 cases. Hemorrhage material was adhered to the
spinal cord that could not be removed in the patient
that underwent dorsal laminectomy at L6–7. This was
the only patient that showed worsening of neurologic
grade postoperatively (from Grade 2 to 1).

In the 5 patients who improved, 4 improved by 1
neurologic grade and 1 improved by one-half a grade.
Three patients were neurologically normal at postoper-
ative assessment (within 13 days).

Long-term Follow-up

Telephone or email follow-up with owners of 5 of
the 6 patients was achieved. Four of the 5 patients did
not develop any further neurologic or medical

Fig 2. Transverse T2-weighted image at the level of the C4 ver-

tebra. There is a large mildly hyperintense extraparenchymal het-

erogenous lesion causing moderate left-sided lateral spinal cord

compression.

Fig 3. Transverse T1-weighted image at the level of the L5 ver-

tebra. There is an isointense lesion extraparenchymal lesion caus-

ing moderate left-sided distortion of the spinal canal as it is

displaced toward the right.

Fig 4. Transverse T1-weighted image at the level of the L6–7
vertebra. There is a large collection of extraparenchymal mixed

signal intensity dorsal to the spinal cord. This extended the

length of the lumbar and lumbosacral spine.
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problems from the time of surgery to follow-up and
all were walking normally, according to the owners.
One patient was euthanized 1,446 days after surgery
for unknown reasons. The median time between sur-
gery and follow-up was 1,103 days (range, 921–
1,446 days). There was no follow-up available on the
patient that did not show neurologic improvement
postoperatively.

Discussion

The findings of this retrospective case series show
that extraparenchymal hematomas can occur spontane-
ously in dogs. The term extraparenchymal is used to
represent both material within the dura and outside of
the parenchyma (intradural, extraparenchymal) and
outside of the dura (extradural, extraparenchymal).

The MRI characteristics were variable with mild to
moderate T2W hyperintensity, isointense to mildly hy-
perintense T1-weighted precontrast sequences, and typ-
ically absent contrast enhancement (with 1 case
showing strong contrast enhancement). Extraparenchy-
mal hemorrhage could cause subsequent inflammation
of fat and the superimposition of fat signal also could
contribute to the T2 hyperintensity seen with these
patients. Surgical decompression had a favorable out-
come in most patients. Histopathology confirmed
hematoma in all cases and should be considered a dif-
ferential diagnosis in cases with a noncontrast-enhanc-
ing extraparenchymal mass.

In people, the chief complaint of spinal cord extra-
parenchymal hematoma in the majority of patients is
pain and variable degrees of neurologic dysfunction.18–20

Neurologic function was variable in this retrospective
review of affected dogs. In addition, pain was exhibited
in the majority of dogs in this study. The pain is likely
multifactorial (similar to the causes of pain in interver-
tebral disk herniation), resulting from direct mechani-
cal compression, by chemical induction of nociceptors,
and loss of normal blood supply. Direct compression
on the dorsal root ganglion, meninges, vertebral liga-
ments, or some combination of these can lead to
inflammation via release of phospholipase A and
inflammatory cytokines and increased pathologic pain
because of release of substance P.21

The underlying pathophysiology of spontaneous
extradural bleeding remains unknown. Many hypotheses
have been proposed: increased blood pressure spikes
associated with coughing or straining causes increased
intra-abdominal or intrathoracic pressure which
increases the pressure on valveless veins in the internal
vertebral plexus, axial movement of the thecal sac, and
abnormal vessels.18,19 Although none of the cases in
this report had histopathologic evidence of extruded
disk material present in the material removed surgi-
cally, it is possible that the amount of this material
was so small that it was not sampled during surgery. It
is likely that the underlying cause in these cases is mul-
tifactorial.

The MRI characteristics of hematoma have been
well defined in the literature, but can be unreliable in

clinical practice.22–24 Regardless of the time from clini-
cal signs to imaging, the MRI appearance of the hema-
toma in all patients in this study was mild to moderate
hyperintensity on all T2 images and isointensity or
hyperintensity on the T1 images. Isointensity on
T1-weighted images and hyperintensity on T2-weighted
images typically are seen in the hyperacute phase
(<12 hours) with spinal cord hematoma on high-field
MRI.22 These imaging characteristics are because of
fresh oxygenated blood containing oxyhemoglobin.

Hyperintensity on T1-weighted and T2-weighted
images can be seen in the late subacute (1–2 weeks)
spinal cord hematoma on high-field MRI.22 This is
because of the proton-electron and dipolar-dipolar
electron relaxation enhancement of extracellular met-
hemoglobin causing mild shortening of the T1 and T2
relaxation times after lysis of red blood cells. Two
patients in this study had extraparenchymal hemato-
mas showing both T1- and T2-weighted hyperintensity
characteristics. One of these patients had MRI per-
formed during the late subacute time period (ie,
showed clinical signs of disease 9 days before MRI),
whereas the other patient showed clinical signs 4 days
before MRI. This would be characterized as an early
subacute time period (3–7 days). Typically, the MRI
appearance of intraspinal hematoma during the early
subacute time period is characterized by T2-weighted
hypointensity and T1-weighted hyperintensity because
of the oxidation of deoxyhemoglobin to methemoglo-
bin causing a T1 shortening and intracellular methe-
moglobin causing a shortening of T2.22

Unlike the pattern of temporal hemorrhage degrada-
tion seen with intracranial hemorrhage, the pattern of
extraparenchymal spinal cord hemorrhage does not
appear to follow the same timeline.3,23,24 Signal inten-
sity characteristics of hematomas are dependent on
many factors, which can include patient age, time, size
of lesion, location of the lesion, hemoglobin oxidation
state of the hematoma, clot matrix formation, degree
of clot retraction, edema surrounding the hematoma,
tissue pH, and hematocrit of the patient.25,26 Mixed
signal intensities can be seen in extraparenchymal
hematomas because of continued bleeding. These fac-
tors likely account for the variability seen with our
patients and can cause difficulty in the ability to accu-
rately determine the age of the hemorrhage.

In human medicine, the management of extradural
and intradural hematomas is a neurosurgical emer-
gency. The prognosis for recovery depends on the
severity of the neurologic deficit before surgery. There
is controversy in the human literature regarding the
time of removal of the hematoma related to outcome.
In 1 study, rapidly evacuated hematomas had a good
prognosis,18,27 whereas other studies indicate there is
no correlation between time to surgery and out-
come.19,20

In a recent review of conservative management of
spontaneous spinal cord hematomas in people, the
severity of the neurologic deficit and clinical course
directed the decision to pursue conservative treat-
ment.28 However, no factors were found to guide the
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treatment plan toward conservative management. It is
uncertain if any of our cases would have had similar
outcomes with conservative management rather than
surgery. Based on our cohort of patients, there appears
to be functional neurologic improvement postopera-
tively with complete surgical removal of the compres-
sive hemorrhagic material.

In our study, 1 patient showed functional neurologic
worsening postoperatively. This patient was paraplegic
with intact sensation and the dog’s clinical condition
worsened to absence of perception of noxious stimu-
lus. Because of the single patient with a poor outcome,
we are unable to correlate any specific risk factors
relating to the outcome in this patient compared to
the other patients. However, this patient had the worst
preoperative neurologic grade (Modified Frankel Score
Grade 2) of all of the patients in this study, and all of
the hemorrhagic material could not be removed surgi-
cally, which may have contributed to the poor out-
come.

This study had several limitations, because of the
retrospective design. We did not have coagulation pro-
files in all patients to confirm that there was no evi-
dence of an underlying clotting disturbance. However,
all patients had normal platelet counts and no gross
clotting abnormalities were observed in surgery. In
addition, no patients developed any coagulopathies or
had neoplasia that could account for the hemorrhage.

We reviewed the medical records for each patient,
obtained the preoperative and postoperative neurologic
examination findings for each patient, and assigned the
Modified Frankel Score (MFS). Because this was a ret-
rospective study and there is no definitive distinction
in differentiating between superficial and deep pain
sensation,29 we used a scoring system that defines a
score of 1 as plegic with an absence of nociceptive
function rather than differentiating between deep pain
and superficial nociceptive sensation.

The MFS is a simple scoring system. Using the
14-point motor score (which evaluates gait and weight-
bearing ability) or using the Texas Spinal Cord Injury
Scale (which analyses complex gait and uses a 10-grade
scale) may have been more accurate in evaluation of
functional differences preoperatively rather than post-
operatively in this patient population.30,31 However,
the neurologic examination in the medical records was
not detailed enough to use these more complex func-
tional scoring systems in the majority of cases. This
corresponds to findings in several studies. One study
has validated the use of the MFS with high interrater
agreement.31 Another study showed that the simpler
MFS appears more appropriate for retrospective stud-
ies, in which prospectively derived examination infor-
mation is not available.32

In addition, because of the retrospective nature of
this study, we were unable to perform additional MRI
sequences, which may have helped elucidate that the
extraparenchymal material was consistent with hemor-
rhage. The lack of imaging that enhances the ability to
determine hemorrhage (such as T2*) or MR angiogra-
phy was a substantial limitation that could not be

addressed because of the retrospective nature of this
study. The T2* sequence is commonly used in brain
imaging and we recommend use of this sequence when
imaging the spinal cord in cases where hematoma or
vascular abnormalities are suspected.

Similar to the situation in humans, the prevalence of
spontaneous extraparenchymal spinal cord hematoma
appears to be rare. With increased use of MRI in
spinal cord cases, the frequency of hematomas has
increased.14 The MRI characteristics seen in all of the
dogs in this retrospective study showed mild to moder-
ate hyperintensity on all T2 images and isointensity or
hyperintensity on the T1 images. These signal charac-
teristics also are found in patients with other disease
processes (eg, neoplasia, inflammatory disease). There-
fore, the prevalence of this clinical syndrome may be
underestimated in veterinary medicine if postmortem
examination or surgery is not performed.

In summary, hematoma should be considered as a
differential in patients with extradural or intradural
material with variable contrast enhancement, mild to
strong T2-weighted signal intensity, and mildly hyper-
intense or isointense signal on pre-T1-weighted con-
trast images. In addition, surgical decompression of
extraparenchymal hematoma appears to have a favor-
able outcome in the majority of patients, especially if
the material is easily removed and not adhered to the
spinal cord and the patient has a preoperative MFS
neurologic grade of 3 (paresis) or more.

Footnotes
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