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A 9-month-old female Weimaraner was presented to the emergency service due to 
episodes of fever and neck pain. Physical examination revealed a stiff neck posture and 
elevated body temperature. Shortly after clinical examination was performed, the dog 
developed peracute onset of non-ambulatory tetraparesis compatible with a C1–C5 spi-
nal cord (SC) lesion. Immediately thereafter (<1 h), MRI of the cervical SC was performed 
with a 3-T scanner. A left ventrolateral intradural-extramedullary SC compression caused 
by a round-shaped structure at the level of C3––C4 was evidenced. The structure was 
iso- to slightly hyperintense in T1-weighted (T1W) sequences compared to SC paren-
chyma and hyperintense in T2-weighted, gradient echo, and fluid-attenuated inversion 
recovery. Moreover, the structure showed a strong homogeneous contrast uptake in 
T1W sequences. Cerebrospinal fluid (CSF) analysis revealed a mixed pleocytosis, as well 
as elevated protein and erythrocyte count. Early-stage hyperacute extramedullary hem-
orrhage was suspected due to immune mediated vasculitis. The dog was maintained 
under general anesthesia and artificial ventilation for 24 h and long-term therapy with 
corticosteroids and physiotherapy was initiated. Eight weeks after initial presentation, 
the dog was ambulatory, slightly tetraparetic. Follow-up MRI showed a regression of the 
round-shaped structure and pleocytosis was not evident in CSF analysis. This report 
describes an early-stage hyperacute extramedullary hemorrhage, a condition rarely 
recorded in dogs even in experimental settings.

Keywords: magnetic resonance imaging, steroid-responsive meningitis-arteritis, canine, tetraparesis, signal 
intensity, subarachnoid hematoma, bleeding, immune-mediated vasculitis

Case DesCRIptIoN

A 9-month-old female Weimaraner (32.2  kg) was referred to the Department of Small Animal 
Medicine and Surgery of the University of Veterinary Medicine Hannover because of acute presenta-
tion of cervical pain and fever. The dog had no previous history of illness.
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The symptoms were first noted by the owners 2 days before 
presentation when the dog was obtunded, inappetent, unwilling 
to stand up, and showed a stiff gait. The primary care veterinarian 
administered Metamizol (50 mg/kg TID, rectally) to reduce the 
fever.

At admission to the clinic, physical examination revealed 
a kyphotic posture with stiffness of the neck and head, body 
temperature of 39.3°C and a marked cervical hyperesthesia. 
The complete blood count (CBC) showed a leukocytosis of 
35.12 × 103 cells/μl [reference interval (RI) 6–12 × 103 cells/μl] 
with a neutrophilia of 25.29 cells/μl (RI 3–10  ×  103 cells/μl). 
Serum biochemistry revealed a mild elevation of the alkaline 
phosphatase and lactate values. Furthermore, prothrombin and 
partial thromboplastin time were elevated (laboratory findings 
are available in the Table S1 in Supplementary Material).

Approximately 45 min after the general physical examination 
was performed, the dog’s clinical status worsened acutely. At 
this time point, besides the cervical hyperesthesia, neurological 
examination revealed a non-ambulatory tetraparesis with less 
voluntary movement present on the left limbs. Moreover, all 
limbs were spastic, spinal reflexes were normal and evaluation of 
cranial nerves was unremarkable. Therefore, the neuroanatomi-
cal localization of the lesion was set within C1–C5 spinal cord 
(SC) segments.

Immediately thereafter, general anesthesia was induced and 
MRI of the cervical SC was performed. For image acquisition, 
the dog was positioned in dorsal recumbency and a 15-channel 
sensitivity-encoding (SENSE) spine coil was used. Sagittal T1- 
and T2-weighted (T2W) sequences were performed (TR 11.3, 
TE 5.2; TR 3,100, TE 120, respectively), as well as transversal 
T1-weighted (T1W) (TR 11.3, TE 5.2) and T2W (TR 8,000, 
TE 120), T2*gradient echo (GRE; TR 660, TE 6.9), spectral 
attenuated inversion recovery (SPAIR; TR 5237, TE 100), and 
fluid-attenuated inversion recovery (FLAIR; TR 10,000, TE 140) 
sequences were acquired with a 3-T MRI scanner (Philips Achieva, 
Eindhoven, The Netherlands). Gadolinium was administered as 
contrast medium (Dotarem® 0.2 mmol/kg; i.v.) and sagittal and 
transversal T1W images were acquired post-contrast. Images 
were analyzed with commercially available software (RadiAnt 
DICOM Viewer, Version 4.0.3, Poznan, Poland).

MRI revealed an intradural-extramedullary compression of 
the SC at the level of C3–C4. The compression was caused by 
a round-shaped structure which showed a high intensity signal 
in T2W, GRE, SPAIR, and FLAIR sequences and an inhomo-
geneous iso- to slightly hyperintense signal in T1W sequences 
(Figure  1). A homogeneous strong contrast enhancement was 
noticed in T1W sequences after contrast medium administra-
tion. Additionally, a well-defined horizontal line dividing the 
mass into two different signal intensities was evidenced in both 
acquired planes of T2W sequences.

Furthermore, subarachnoidal space depicted ventral and dor-
sal to the SC in sagittal views did not display a strong hyperintense 
signal in T2W images, as characteristic in normal conditions. 
Instead, an inhomogeneous, mostly hypointense (T2W, T1W, and 
GRE) signal was present.

After performing a lumbar tap, cerebrospinal fluid (CSF) 
had a xanthochromic macroscopic appearance and the analysis 

evidenced a neutrophilic–monocytic mixed pleocytosis (value: 
300 cells/μl; RI < 5 cells/μl) with elevated protein content (value: 
851.82  mg/dl; RI  <  40  mg/dl) and erythrocytes (value: 5,120 
cells/μl). IgA levels in serum and CSF were within the upper 
reference value or elevated, respectively (IgA value for serum: 
97.6 µg/ml; RI in serum: <100 μg/ml; IgA value in CSF: 16.4 µg/
ml; RI in CSF: <0.2 μg/ml).

Due to the signalement, history, clinical presentation, and 
findings collected from diagnostic tests, an early-stage hypera-
cute, intradural-extramedullary compressive hemorrhage of 
the cervical SC secondary to an immune mediated vasculitis 
was suspected. A long-term protocol starting with high dose 
glucocorticosteroids was applied as previously reported (1), and 
artificial ventilation was administered for the first 24 h. During 
hospitalization, the dog developed a urinary tract infection which 
was treated with antibiotics according to antibiogram results and 
received daily physiotherapy sessions. The patient showed clinical 
improvement and was discharged from the clinic 16 days after 
initial presentation.

Eight weeks after initial presentation, follow-up general and 
neurological examinations, CBC and serum biochemistry, CSF 
analysis, and MRI of the cervical SC were performed. Same 
MRI protocols as used during the first examination were applied 
in the follow-up. At this time point, the dog was ambulatory 
showing a mild spastic tetraparesis, having the left limbs more 
affected and did not show any signs of pain during paravertebral 
palpation of the cervical region. Neuroanatomical localization 
during follow-up was consistent with a C1–C5 SC lesion. CBC 
and serum biochemistry were unremarkable and CSF taken 
from the cerebellomedullary cistern revealed a mild elevation of 
total protein content (value: 37.11 mg/dl; RI < 25 mg/dl). MRI 
revealed a focal intramedullary T2W hyperintensity at the level 
of C3–C4 with a presence of a left lateral T2W, GRE hypointense, 
and T1W hypo- to isointense structure, in comparison to unaf-
fected SC segments, compatible with chronic hemorrhage, most 
probably residually lying within the subarachnoid space. Same 
signal pattern was noted within the SC parenchyma, suggesting 
focal intramedullary bleedings in the chronic stage (Figure 2). At 
this time point, subarachnoidal space dorsal and ventral to the 
SC in sagittal images appeared continuously T2W hyperintense. 
Additionally, a focal ventral intramedullary hyperintensity was 
noticed at the level of C2 (Figure 2; green arrowheads).

BaCKGRoUND

MRI represents a fundamental clinical tool for the understanding 
of the severity, extend, and localization of hemorrhages affecting 
the central nervous system (2). Temporal characterization of 
hemorrhage using MRI is challenging, as signal intensity in the 
different sequences varies depending on hemoglobin degrada-
tion product stages (3). Evolvement of signal intensity of canine 
blood has been recently described during in  vitro and in  vivo 
experimental studies (4, 5); however, the earliest time point in 
which signal intensity was recorded in such studies was 12  h 
after the hemorrhage was induced. Moreover, as hemorrhagic 
lesions are often associated with mass effect compressing the 
SC, further characterization of each temporal stage of bleedings 
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FIGURe 1 | MRI of the cervical spinal cord (SC) of a 9-month-old Weimaraner with peracute onset of non-ambulatory tetraparesis. Sagittal T2W (a) and post-
contrast T1W (B) sequences depict an intradural-extramedullary left sided ventrolateral compression of the SC at the level of C3–C4. The yellow arrow points at the 
round-shaped structure causing the SC compression. Green arrowheads point to the T2W and T1W inhomogeneous, mostly hypointense material present within 
the subarachnoidal space dorsal to the SC. Transversal T2W (C), pre-contrast T1W (D), GRE (e), and post-contrast T1W (F) sequences. A hyperintense signal of 
the core of the mass lesion compressing the SC can be evidenced in all sequences. A horizontal fluid-fluid level is noticed within the core of the round-shaped lesion 
in T2W sequences (a,C). The yellow line in the sagittal T2W and post-contrast T1W (a,B) indicates the level at which transversal sequences are depicted. 
Abbreviations: T2W, T2-weighted; T1W, T1-weighted; GRE, T2*, gradient echo.
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may be fundamental for ruling out neoplastic and inflammatory 
processes and subsequently for clinical decision making (6).

MRI signal characteristics of early-stage hyperacute subarach-
noid hemorrhage have been previously reported in humans (7). 
Nonetheless, An and colleagues (5) recently demonstrated differ-
ent signal intensity patterns in the subacute stage of hemorrhages 
between canines and humans, suggesting that direct extrapolation 
of human data for interpretation of MRI blood signal intensity in 
dogs may not be completely accurate.

This case report describes the MRI findings of an early-stage 
hyperacute cervical intradural, extramedullary hemorrhage caus-
ing compression of the SC.

DIsCUssIoN

Subarachnoid bleedings within the vertebral canal repre-
sent an unusual condition in dogs and humans (6, 8, 9). 

Immune-mediated diseases causing vasculitis and consequently 
rupture of blood vessels within the subarachnoid space have 
been previously described in humans (2, 10, 11). Steroid-
responsive meningitis-arteritis (SRMA) is a common inflam-
matory disease causing meningitis in young dogs (1). In SRMA, 
a necrotizing fibrinoid arteritis occurs within the leptomeninges 
(12). Moreover, neutrophilic leukocytosis with presence of left 
shift is a common finding in dogs with SRMA (1). Although 
coagulation time alterations are not commonly described in 
SRMA, increased prothrombine and partial thromboplastin 
time values could be affected during systemic inflammatory 
diseases and could be an early indicator of disseminated intra-
vascular coagulation (13).

Albeit performing a CSF tap in a dog with subarachnoid 
hemorrhage due to vasculitis represents a risk that could lead 
to further bleeding within the leptomeninges, CSF analysis and 
characterization are considered to be pivotal for the diagnosis 
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FIGURe 2 | Follow-up MRI of the cervical spinal cord (SC) 8 weeks after 
initial presentation at the clinic. Intramedullary hyperintensities are 
present in the sagittal T2W sequence (a) dorsally to the vertebral body of 
C2 and at the level of C3–C4 (green arrowheads) in comparison to signal 
intensity of non-affected SC segments. Transversal T2W (B) and GRE (C) 
sequences depict intramedullary hyperintensities and concomitant 
presence of hypointense intramedullary lesions at the level of the left 
dorsal horn and left lateral white matter tracts (yellow arrows) as well as 
in the subarachnoid space (green arrows). The yellow line in the sagittal 
T2W sequence (a) indicates the level at which transversal sequences are 
depicted. Abbreviations: T2W, T2-weighted; GRE, T2*, gradient echo.
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and subsequently prompt treatment initiation of dogs with 
SRMA (1, 12). Increased levels of IgA in both, serum and 
CSF, have been shown to be a sensitive diagnostic tool for the 
diagnosis of SRMA; however, around 10% of the patients may 
be classified as false negatives (14). In this case, elevation of IgA 
levels in CSF could be explained due to complete disruption of 
the blood–SC barrier causing free entrance of this protein into 
the subarachnoidal space.

Signal intensity within the core of the round-shaped lesion 
was increased in all performed sequences and suggests presence 
of peracute arterial bleeding, which is typically characterized by 
high concentration of oxyhemoglobin within the erythrocytes 
(3, 7). Oxyhemoglobin displays diamagnetic properties, con-
trary to later stages of hemoglobin degradation such as deoxy-, 
methemoglobin, or hemosiderin with paramagnetic behavior 
(7). Therefore, an absence of lesional signal voidance in GRE 
sequences, an otherwise characteristic sign for hemorrhage, is to 
be expected at this stage.

Moreover, additional to the round-shaped structure com-
pressing the SC in the described dog, a later stage of hyperacute 
hemorrhage is suspected to be present and distributed along the 
subarachnoid space visualized dorsal and ventral to the SC in 

sagittal T2W images, as signal intensity is depicted mildly inho-
mogeneous and hypointense in T2W, T1W, and GRE sequences, 
probably due to an increase in deoxyhemoglobin at these 
localizations (7). Nevertheless, rupture of small venous vessels 
could cause flow of deoxyhemoglobin rich erythrocytes into the 
subarachnoid space as well. Due to the larger magnetic moment 
of impaired electrons, paramagnetic substances cause magnetic 
field inhomogeneities and subsequently susceptibility effects in 
GRE sequences (3). Additionally, strong contrast enhancement 
of the lesion in T1W sequences suggests still an active bleeding 
process or a continuously disrupted blood–SC barrier.

Interestingly, in sagittal and transversal T2W sequences, 
signal intensity within the structure compressing the SC varies 
in the dorso-ventral axis, showing a clearly defined division. This 
finding suggests a separation and sedimentation of the cellular 
components of blood during first stages of bleeding (3). Since 
the dog was positioned in dorsal recumbency for image acquisi-
tion, the segment showing lower signal intensity is seen dorsally 
and it represents cellular accumulation before clot retraction 
occurs; conversely, the supernatant, which is presumably mostly 
composed of blood plasma is the most T2W hyperintense portion 
of the lesion (3).

Surgical decompression of the SC is the gold standard for 
treatment of subarachnoid hemorrhages causing SC compression 
in humans; nevertheless, a complete recovery of neurological 
deficits is achieved in approximately 40% of the cases (15). In 
dogs, surgical treatment seems to have a positive impact in the 
outcome of dogs with extramedullary hematomas as well (6). 
Medical treatment with corticosteroids was preferred in this case, 
as an immune mediated vasculitis was the highly likely underlying 
disease and the coagulation profile of the patient suggested a high 
risk of intraoperative bleeding. Moreover, artificial ventilation 
during the first 24 h was chosen as a supportive measure due to 
peracute worsening of clinical signs before performing MRI scan 
and suspected active hemorrhage that could eventually further 
compress the SC.

In follow-up MRI, regression of the round-shaped structure 
compressing the SC was evidenced. Moreover, T2W and GRE 
hypointense areas located in the subarachnoidal space and 
intramedullary are compatible with chronic stage of hemorrhage 
(5). During this stage, remaining extracellular hemoglobin is 
oxidized to ferritin and hemosiderin, which is phagocytized 
by macrophages and accumulated within the lysosomes (3). 
Hemosiderin and ferritin are highly paramagnetic, causing 
therefore susceptibility effects in GRE sequences (3, 7).

As conclusion, early-stage hyperacute hemorrhages in dogs 
display similar MRI characteristics as in humans, where hyperin-
tensities in T2W, GRE, SPAIR, and FLAIR sequences and strong 
contrast enhancement in T1W may be evidenced.

etHICs stateMeNt

As this manuscript does not describe any experimental procedure 
or clinical trial, but it represents a report of a single clinical case 
presented to a referral teaching veterinary hospital, no ethical 
approval was needed. The owner signed a consent form that the 
dog’s data can be used for scientific studies.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive


5

Wang-Leandro et al. Subarachnoidal Early-Stage Hyperacute Hemorrhage

Frontiers in Veterinary Science | www.frontiersin.org September 2017 | Volume 4 | Article 161

aUtHoR CoNtRIBUtIoNs

AW-L was involved in the clinical approach of the case, 
interpreted MRI images, and wrote the manuscript. E-IH 
was involved in the clinical approach of the case. KH was 
involved in the clinical approach of the case. AT supervised 
the clinical approach of the case, interpreted MRI images, and 
discussed and critically revised the manuscript. All authors 
participated in revising and correcting the final version of the  
manuscript.

aCKNoWLeDGMeNts

Part of the information contained in this manuscript was 
accepted  as a poster in the 30th Symposium of the European 

College of Veterinary Neurology, 21st–23rd September 2017, in 
Helsinki.

FUNDING

This publication was supported by the Deutsche 
Forschungsgemeinschaft and University of Veterinary Medicine 
Hannover within the funding programme Open Access 
Publishing.

sUppLeMeNtaRY MateRIaL

The Supplementary Material for this article can be found online at 
http://journal.frontiersin.org/article/10.3389/fvets.2017.00161/
full#supplementary-material.

ReFeReNCes

1. Tipold A, Schatzberg SJ. An update on steroid responsive meningitis-arteritis. 
J Small Anim Pract (2010) 51(3):150–4. doi:10.1111/j.1748-5827.2009.00848.x 

2. Heit JJ, Iv M, Wintermark M. Imaging of intracranial hemorrhage. J Stroke 
(2017) 19(1):11–27. doi:10.5853/jos.2016.00563 

3. Parizel PM, Makkat S, Van Miert E, Van Goethem JW, van den Hauwe L, De 
Schepper AM. Intracranial hemorrhage: principles of CT and MRI interpreta-
tion. Eur Radiol (2001) 11(9):1770–83. doi:10.1007/s003300000800 

4. Jeong J, Park S, Jeong E, Kim N, Kim M, Jung Y, et al. Time-dependent low-
field MRI characteristics of canine blood: an in vitro study. J Vet Sci (2016) 
17(1):103–9. doi:10.4142/jvs.2016.17.1.103 

5. An D, Park J, Shin JI, Kim HJ, Jung DI, Kang JH, et al. Temporal evolution of 
MRI characteristics in dogs with collagenase-induced intracerebral hemor-
rhage. Comp Med (2015) 65(6):517–25. 

6. Hague DW, Joslyn S, Bush WW, Glass EN, Durham AC. Clinical, magnetic 
resonance imaging, and histopathologic findings in 6 dogs with surgically 
resected extraparenchymal spinal cord hematomas. J Vet Intern Med (2015) 
29(1):225–30. doi:10.1111/jvim.12481 

7. Schellinger PD, Fiebach JB. Intracranial hemorrhage: the role of magnetic res-
onance imaging. Neurocrit Care (2004) 1(1):31–45. doi:10.1385/NCC:1:1:31 

8. Domenicucci M, Ramieri A, Paolini S, Russo N, Occhiogrosso G, Di Biasi 
C, et  al. Spinal subarachnoid hematomas: our experience and literature 
review. Acta Neurochir (2005) 147(7):741–50; discussion 50. doi:10.1007/
s00701-004-0458-2 

9. Zhang HM, Zhang YX, Zhang Q, Song SJ, Liu ZR. Subarachnoid hem-
orrhage due to spinal cord schwannoma presenting findings mimicking 
meningitis. J Stroke Cerebrovasc Dis (2016) 25(8):e123–5. doi:10.1016/j.
jstrokecerebrovasdis.2016.04.024 

10. Lee JY, Kim YS, Kim HY, Park DW, Bae SC, Lee YJ. Non-aneurysmal sub-
arachnoid hemorrhage in two patients with systemic lupus erythematosus: 

case reports and literature review. Int J Rheum Dis (2016). doi:10.1111/ 
1756-185x.12867 

11. Marder CP, Narla V, Fink JR, Tozer Fink KR. Subarachnoid hemorrhage: 
beyond aneurysms. AJR Am J Roentgenol (2014) 202(1):25–37. doi:10.2214/
AJR.12.9749 

12. Tipold A, Stein VM. Inflammatory diseases of the spine in small animals. 
The Vet Clin North Am Small Anim Pract (2010) 40(5):871–9. doi:10.1016/j.
cvsm.2010.05.008 

13. Herring J, McMichael M. Diagnostic approach to small animal bleeding 
disorders. Top Companion Anim Med (2012) 27(2):73–80. doi:10.1053/j.
tcam.2012.07.004 

14. Maiolini A, Carlson R, Schwartz M, Gandini G, Tipold A. Determination of 
immunoglobulin A concentrations in the serum and cerebrospinal fluid of 
dogs: an estimation of its diagnostic value in canine steroid-responsive menin-
gitis-arteritis. Vet J (2012) 191(2):219–24. doi:10.1016/j.tvjl.2010.12.018 

15. Kreppel D, Antoniadis G, Seeling W. Spinal hematoma: a literature survey with 
meta-analysis of 613 patients. Neurosurg Rev (2003) 26(1):1–49. doi:10.1007/
s10143-002-0224-y 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The reviewer TP and handling editor declared their shared affiliation.

Copyright © 2017 Wang-Leandro, Huenerfauth, Heissl and Tipold. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
http://journal.frontiersin.org/article/10.3389/fvets.2017.00161/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fvets.2017.00161/full#supplementary-material
https://doi.org/10.1111/j.1748-5827.2009.00848.x
https://doi.org/10.5853/jos.2016.00563
https://doi.org/10.1007/s003300000800
https://doi.org/10.4142/jvs.2016.17.1.103
https://doi.org/10.1111/jvim.12481
https://doi.org/10.1385/NCC:1:1:31
https://doi.org/10.1007/s00701-004-0458-2
https://doi.org/10.1007/s00701-004-0458-2
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.04.024
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.04.024
https://doi.org/10.1111/
1756-185x.12867
https://doi.org/10.1111/
1756-185x.12867
https://doi.org/10.2214/AJR.12.9749
https://doi.org/10.2214/AJR.12.9749
https://doi.org/10.1016/j.cvsm.2010.05.008
https://doi.org/10.1016/j.cvsm.2010.05.008
https://doi.org/10.1053/j.tcam.2012.07.004
https://doi.org/10.1053/j.tcam.2012.07.004
https://doi.org/10.1016/j.tvjl.2010.12.018
https://doi.org/10.1007/s10143-002-0224-y
https://doi.org/10.1007/s10143-002-0224-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	MRI Findings of Early-Stage Hyperacute Hemorrhage Causing Extramedullary Compression of the Cervical Spinal Cord in a Dog with Suspected Steroid-Responsive Meningitis-Arteritis
	Case Description
	Background
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	Supplementary Material
	References


