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Abstract
Introduction Spinal subdural hematomas are rare, disabling hemorrhages. Ankylosing spondylitis (AS) is a relatively
common inflammatory condition of the spine that can progress to a fragile, unstable fusion vulnerable to fracture. While
spinal epidural hematomas have been described, subdural hematomas to date have not been reported in AS. In this report, we
describe the unique case of a patient on warfarin with AS who developed a spinal subdural hematoma and fracture in the
absence of trauma. We then discuss the pathogenesis, presentation, prognosis, and management strategies for this unique
diagnosis.
Case presentation A 60-year-old man with recent AS diagnosis and atrial fibrillation on warfarin presented with 96 h of low
back pain and 24 h of leg weakness and urinary retention. CT imaging revealed a bamboo spine and fracture of the posterior
elements at L4, while MR revealed a hematoma with thecal sac compression. The warfarin was reversed and the patient
taken to the operating room; on laminectomy, however, no hematoma was encountered. The patient then underwent
intraoperative ultrasound, durotomy, and evacuation of a thick subdural hematoma, followed by posterior fusion.
Discussion This case represents the first report of an AS patient who developed a subdural hematoma requiring evacuation.
Although rare, the clinician should maintain a broad differential and be familiar with this unique pathology, particularly in
high-risk patients, such as those with suspected fractures or on warfarin. In patients with back pain and myelopathic
symptoms, rapid diagnosis followed by prompt evacuation allows for the best opportunity for neurologic recovery.

Introduction

Acute spinal subdural hematomas are dangerous, potentially
disabling hemorrhages [1]. While epidural hematomas are a
relatively common cause of symptoms after trauma or sur-
gery [2], subdural hematomas, by contrast, are very rare.
Acute spinal subdural hematomas have been reported fol-
lowing lumbar punctures [3], spinal [4] and cranial surgery
[5], and trauma [6], with spontaneous hemorrhages rela-
tively uncommon. The few spontaneous hemorrhages
reported in the literature include patients with bleeding
disorders, those on anticoagulant therapy [1], and under-
lying lesions, such as vascular malformations or tumors [7].

Ankylosing spondylitis (AS) is a common, progressive
inflammatory condition of the axial skeleton that typically
presents initially with back pain, but later is characterized
by stiffness, loss of mobility, and proliferative changes
leading to ankylosis, syndesmophytes, and fusion [8].
Patients with chronic AS exhibit decreased bone density
and are at elevated risk of fractures and spinal cord injury
with minimal trauma [9]. Patients with AS are further vul-
nerable to the development of epidural hematomas, leading
to elevated risk of spinal cord compression and myelopathy
[10].

While spinal epidural hematomas have been described,
subdural hematomas are very rare, and to date have not
been reported in the AS population. In this report, we
describe the case of a unique patient with AS on warfarin
who developed a spinal subdural hematoma and vertebral
fracture in the absence of trauma. We then discuss the
pathogenesis, presentation, prognosis, and management
strategies for this unique diagnosis.
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Case presentation

History and presentation

A 60-year-old male with recent diagnosis of AS and mul-
tiple comorbidities including morbid obesity, chronic renal
disease, deep venous thrombosis, and atrial fibrillation on
warfarin presented to the emergency room with 96 h of
severe low back pain and 24 h of bilateral lower extremity
weakness and urinary retention.

Prior to the onset of symptoms, the patient reported
getting out of bed and feeling a sudden “pop” followed by
jarring pain in the lower back. Although walking was
challenging secondary to pain, the patient denied any initial
neurological deficits at the time of symptom onset. Over the
next 72 h, the patient developed symptoms of urinary
retention and bilateral lower extremity numbness and
weakness, for which he presented to an outside hospital.
Computed tomography (CT) imaging at the time revealed a
bamboo appearing spine with autofusion and fracture of the
posterior elements at the L4 level (Fig. 1) and follow-up
magnetic resonance imaging (MRI) revealed a suspected
epidural hematoma extending from T12-S1 with compres-
sion of the thecal sac (Fig. 2). The patient was subsequently
transferred to our institution for cauda equina syndrome. On
arrival, the patient was assessed using the ASIA/ISCoS
International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSI) [11] and found to be ASIA D
with strength of 4/5 and incomplete, decreased sensory loss
diffusely throughout the lower extremities bilaterally.

Surgical evacuation

The patient was found to have an elevated international
normalized ratio (INR) of 4.5, which was reversed emer-
gently with prothrombin complex concentrate before the
patient was taken to the operating room. The patient then

underwent L2-S1 laminectomy; on removal of the lamina
and ligamentum flavum, however, no epidural hematoma
was encountered. The thecal sac was inspected and noted to
be full, and an intraoperative ultrasound was performed
which was suggestive of subdural hematoma. The patient
subsequently underwent durotomy from L2-S1 and a thick,
subdural hematoma was encountered (Fig. 3). The hema-
toma was systematically evacuated with forceps and saline
irrigation, and the thecal sac was irrigated rostral and caudal
to the durotomy site using an angiocatheter to remove any
residual blood. After all visible blood was removed, the
thecal sac was closely examined and no source of bleeding
was identified. With the cauda equina and exiting nerve
roots adequately decompressed, the dura was closed and the
fracture addressed with L2-S1 spinal fusion. Throughout the
case, somatosensory and motor evoked potentials were
stable and the patient awoke with an improved neurologic
examination with strength and sensory improvement.

Postoperative course

The patient was transferred to the neurosurgical stepdown
unit and 48 h postoperatively underwent spinal angiogram,
which was negative for the source of the subdural hemor-
rhage. While the patient’s subsequent hospital stay was
significant for delirium, newly diagnosed sleep apnea, and
difficulty obtaining adequate pain control, the patient was
ultimately discharged after 13 days to a rehabilitation
facility. On most recent follow-up at 6 months, the patient
was clinically well, had satisfactory instrumentation, and
exhibited intact strength, sensation, urinary, and bowel
function (ASIA E).

Fig. 1 Preoperative CT lumbar
spine. Sagittal (a) and axial (b)
preoperative imaging was
consistent with fusion of the
posterior elements of the lumbar
spine and an acute fracture
(arrows)
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Discussion

This case represents the first report of a patient with AS on
warfarin with a nontraumatic fracture who developed a
subdural hematoma requiring evacuation. Although the
exact etiology is unclear, it is likely that the fracture from
AS ruptured a subdural vessel, which, combined with a
supratherapeutic INR on warfarin, allowed for formation of
a large, symptomatic subdural clot. Although spinal sub-
dural hemorrhages are rare, their presentation can be similar
to more common hemorrhages, such as epidural hemato-
mas. As a consequence, consideration of medical condi-
tions, such as AS, and maintaining a broad differential is
essential. In addition, intraoperative aids such as ultrasound
can guide surgical management and exploration during
unusual case presentations.

Ankylosing spondylitis

AS is a common inflammatory spine disease associated with
axial arthritis, low back pain, and eventually progressing to
ankylosis, decreased mobility, and a fragile spinal fusion
[8]. AS generally presents at a young age, effects men twice
as often as women, and has a prevalence between 0.1% and
1.4% in patients of European descent [8], with increased
risk among patients who are positive for HLA B27 [12].

While the precise cause of AS development remains
unknown, recent research suggests that a potential
mechanism is the interaction between bacteria or other
micro-organisms and HLA B27, causing an inflammatory
response and ultimately new bone formation [13]. Ossifi-
cation of the annulus fibrosis, formation of syndesmo-
phytes, and fusion of the vertebral body margins provide an
appearance of a single, fused vertebral column, which, on
anterior–posterior view, resembles a bamboo stem, giving
the name “bamboo spine” [14]. This fusion is not stable,
however, and is exquisitely vulnerable to fracture with
minimal, sometimes overlooked trauma, as was the case in
this patient. Epidural hematomas have been described in
patients after injury with AS, with an early series describing
epidural hematomas in four of eight AS patients presenting
with acute cervical injury [15]. The exact mechanism of
hemorrhage in AS is unknown, but likely arises from
bleeding from the overlying fractured bone, epidural soft
tissue, or a disrupted venous plexus, and is facilitated by
anticoagulation [15].

Regardless of cause, spinal hemorrhages after AS typi-
cally present with rapid onset of symptoms, including
neurologic deficits, secondary to compression [10]. In this
case, the patient’s symptoms evolved in a subacute manner,
with pain at 96 h and weakness 24 h prior to presentation,
respectively, suggesting a gradually expanding hematoma
in the presence of coagulopathy. The lumbar location in this
case is also significant, with the mobile fibers of the cauda
equina capable of sustaining a greater hematoma volume

Fig. 2 Preoperative MRI lumbar
spine. Sagittal (a) and axial (b)
preoperative imaging revealed a
subdural hemorrhage with
fluid–fluid level (arrows)

Fig. 3 Spinal subdural hematoma, intraoperative image. On exposure
of the thecal sac, no hemorrhage was immediately visible. On dural
opening, a thick blood clot, pictured, was visualized and evacuated
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than the spinal cord proper. Finally, the unusual subdural
location of the hemorrhage may have allowed for greater
distribution of blood within the thecal sac, delaying the
onset of compression capable of causing a neurologic def-
icit. Irrespective of hemorrhage location, however, upon
onset of neurologic deficits, outcomes are best with rapid
decompression, ideally within 12 h [16].

Spinal subdural hematomas

While symptomatic spinal hemorrhages are uncommon in
themselves, spinal subdural hematomas are even more rare.
In a large meta-analysis reviewing 613 spinal hematomas,
subdural hemorrhages made up only 4% of cases. Epidural
hemorrhages, by contrast, represented 76% of the sample,
while subarachnoid bleeds represented 16% [17]. While the
precise reason for their rarity is unclear, some authors
attribute the low rate of subdural bleeds to the small
“capillary slit” of the subdural space, compared to larger
subarachnoid and epidural spaces [17].

The specific etiology of spinal subdural hemorrhages
remains unknown. A proposed mechanism is that trauma,
such as this case, or increased intrathoracic pressure can
cause rupture of the subarachnoid veins, with blood initially
spilling into the cerebrospinal fluid space, and then later
extending into the subdural space by diffusion [17]. Other
authors point to large veins, visible on some angiographic
studies, in the dorsolateral dura that are vulnerable to injury
or rupture, causing subdural hemorrhage [3]. Regardless of
etiology, however, the presence of anticoagulants is an
important risk factor for the development and expansion of
spinal hemorrhages, with previous reports demonstrating
spontaneous spinal hematomas in the presence of rivarox-
iban [18] and warfarin [19].

A recent meta-analysis by de Beer et al. confined to
spinal subdural hematomas identified a mean age of 59.5 y,
the age of the patient in this case, with a slight female
predominance (57%) [20]. Spinal subdural hematomas are
observed most often in the thoracic spine, with pre-
dominately lumbar or lumbosacral subdural bleeds repre-
senting only 9% of cases [20]. The most common initial
presentation in spinal subdural hematomas is motor deficit,
seen in 89%, followed by pain, in 84%.

Spinal hemorrhages are most frequently idiopathic in
nature, followed by hemorrhages secondary to antic-
oagulation, such as this patient [17, 20]. Vascular mal-
formations, including arteriovenous malformations and
dural venous fistulas, are also associated with spinal
hemorrhages, followed by procedures, trauma, and frac-
tures, also observed in this case [17]. Less common causes
reported in the literature have included vasculitides, like
Churg-Strauss syndrome or Wegener granulomatosis [20],
and vigorous back massage [21].

Spinal subdural hemorrhages, in general, have a gradual
onset, with a mean time from ictus to symptoms of 72 h,
similar to the 96 h in this case. Epidural hematomas, by
contrast, had a mean time of 16 h to symptom onset [17].
Approximately 30% of patients with spinal subdural bleeds
requiring surgery make a full recovery, with another 20%
able to ambulate with a walking aid [20], evidence of the
high morbidity for this diagnosis.

Management strategies for the spinal subdural
hematoma patient

Spinal subdural hematomas, while rare, are a discrete
pathologic identity that should remain on the differential of
the treating clinician. We recommend that special con-
sideration be given to patients with AS who present with
acute onset of back pain and either acute or subacute
myelopathic symptoms, including weakness, sensory loss,
bowel, or bladder symptoms. Additional concern should
further be applied to patients on anticoagulation. Expedient
CT imaging should be obtained first to identify fractures,
which are very common in this population, followed by an
MRI to assess for spinal cord or nerve root compression.

Fluid–fluid levels extending across multiple spinal seg-
ments are highly suggestive of spinal hemorrhage, and
should be considered even in the absence of trauma or
fracture. Distinction between epidural and subdural
hemorrhages can be aided by identifying whether fluid is
above or below the dural surface (Fig. 2) and whether the
onset of myelopathic symptoms is acute or subacute for
epidural and subdural hemorrhages, respectively. Sub-
arachnoid hemorrhages can further be distinguished by
presence of radicular symptoms, spinal rigidity, and
meningitic signs. Once diagnosed, prompt evacuation is
recommended in patients with neurologic deficits. Intrao-
peratively, subdural exploration, aided by ultrasound,
should be considered if hemorrhage is suspected and not
found after laminectomy. Stabilization should also be con-
sidered in AS patients or those with unstable fractures.

Conclusions

This is the first reported case of a spinal subdural hematoma
in a patient on warfarin with AS and a nontraumatic frac-
ture. Although rare, the clinician or surgeon should main-
tain a broad differential and be familiar with this unique
pathology, particularly in high-risk patients, such as those
with AS or on anticoagulation. In patients with back pain
and myelopathic symptoms, rapid diagnosis followed by
prompt evacuation allows for the best opportunity for
neurologic recovery.
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