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Abstract

Background Intracranial subarachnoid hemorrhage (SAH)

and spinal subdural hematoma (SDH) are rare complica-

tions of spine surgery, thought to be precipitated by

cerebrospinal fluid (CSF) hypotension in the setting of an

intraoperative durotomy or postoperative CSF leak. Con-

siderable clinical variability has been reported, requiring a

high level of clinical suspicion in patients with a new,

unexplained neurologic deficit after spine surgery.

Methods Case report.

Results An 84-year-old man developed symptomatic

spinal stenosis with bilateral lower extremity pseudoclau-

dication. He underwent L3-5 laminectomy at an outside

institution, complicated by a small, incidental, unrepairable

intraoperative durotomy. On postoperative day 2, he

became confused; and head CT demonstrated intracranial

SAH with blood products along the superior cerebellum

and bilateral posterior Sylvian fissures. He was transferred

to our neurosciences ICU for routine SAH care, with

improvement in encephalopathy over several days of sup-

portive care. On postoperative day 10, the patient

developed new bilateral lower extremity weakness; MRI of

the lumbar spine demonstrated worsening acute spinal

SDH above the laminectomy defect, from L4-T12. He was

taken to the OR for decompression, at which time a com-

plex 1.5-cm lumbar durotomy was identified and repaired

primarily.

Conclusions We report the first case of simultaneous

intracranial SAH and spinal SDH attributable to postop-

erative CSF hypotension in the setting of a known

intraoperative durotomy. Although rare, each of these

entities has the potential to precipitate a poor neurologic

outcome, which may be mitigated by early recognition and

treatment.
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Introduction

Subarachnoid hemorrhage (SAH) is an exceedingly rare

complication of spine surgery, with approximately 40 cases

reported in the literature [7, 12, 18]. By contrast, incidental

durotomy is among the most frequent intraoperative com-

plications of spine surgery, with large prospective series

documenting an incidence ranging from 3.1 % in routine

discectomy to 17.4 % in revision fusion [6, 44]. Rates of

recurrent cerebrospinal fluid (CSF) leak range from 1 to 5 %;

secondary complications of recurrent CSF leak are rare but

have been reported to include headache, nausea, vomiting,

meningismus, cognitive changes, seizures, and both subdu-

ral hematoma (SDH) and SAH [3, 5, 11, 18, 19, 32, 42, 47].

As compared to intracranial SDH—a frequent and danger-

ous consequence of CSF hypotension from any source—

spinal SDH caused by CSF hypotension is exceedingly rare,

though single cases have been described after both cranial

and spinal surgery [10, 21, 42]. We present a case of

combined SAH and SDH attributable to a recurrent CSF

leak after incidental durotomy during routine lumbar

laminectomy.
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Case History

An 84-year-old man presented to an outside institution

with progressive bilateral lower extremity pseudoclaudi-

cation and MRI findings of spinal stenosis, for which he

underwent routine L3-5 laminectomy. The intraoperative

course was complicated by a small incidental durotomy;

primary repair was not possible, but egress of CSF

resolved spontaneously, and the dura was lined with

compressed gelatin sponge. On postoperative day 2, the

patient developed confusion and agitation. Non-contrast

head CT demonstrated SAH with intraventricular exten-

sion and prominent accumulation of blood products along

the superior cerebellum and prominently along the bilat-

eral posterior Sylvian fissures (Fig. 1a). CT angiogram

was normal.

The patient was transferred to our neurosciences ICU

for SAH management, which proceeded in accordance

with standard protocols. MRI of the brain demonstrated a

similar distribution of blood products on both GRE and

FLAIR sequences, with no evidence for an alternative

etiology underlying the patient’s condition (Fig. 1b–c).

MRI of the spine demonstrated expected postoperative

changes with no subdural and minimal, expected epidural

blood products (not shown). His encephalopathy

improved progressively over several days of supportive

care, and the patient was transferred from the ICU in

stable condition, with moderate cognitive impairment and

preserved motor function.

On postoperative day 10, the patient was noted to have

lost all lower extremity responses, with no other neurologic

change. T1-weighted sagittal MRI of the lumbar spine

demonstrated ventrolateral hyperintensity consistent with a

new, large, acute, lumbar SDH, extending superiorly from

the resection bed over L4-T12 (Fig. 2a). T2-weighted axial

imaging of the lumbar spine just superior to the resection

site identified an ‘‘inverted Mercedes sign’’ (Fig. 2b). At

the level of the decompression, T2-weighted axial imaging

also demonstrated a moderate pseudomeningocele with

violation of the dural plane and anterior displacement of

the neural elements, consistent with a CSF leak (Fig. 2c).

The patient was taken urgently to the OR for decom-

pression, during which a complex 1.5-cm lumbar durotomy

was identified, associated with marked deflation of the

dural tube and extensive spinal SDH. Primary repair was

completed with silk suture and synthetic fibrin glue, and

the patient was maintained in flat position for 24 h fol-

lowed by progressive mobilization. No further evidence of

CSF hypotension was observed, and the patient recovered

partial bilateral lower extremity motor function but

remained nonambulatory at time of dismissal to a skilled

nursing facility.

Discussion

We present the first case of concomitant intracranial SAH

and spinal SDH, theorized to share the underlying mecha-

nism of CSF hypotension. These phenomena are likely

driven by several factors acting in concert, with CSF vol-

ume loss leading to brain and spine sag, which in turn puts

supercerebellar and spinal bridging veins under tension;

simultaneously, a compensatory increase in venous volume

produces vascular engorgement, further straining the dilated

venous structures and predisposing them to avulsion or

other injury [10, 30, 37–39]. Although the SAH and SDH

observed in the present case are thought to be similarly

derived, the clinical syndromes they produced are distinct

and warrant discrete attention, as each has the potential to

confound neurologic diagnosis in the postoperative period.

Intracranial SAH after spine surgery is extremely rare,

with an estimated incidence of 0.8 % and approximately 40

cases reported to date [3, 18]. The mechanism underlying

this phenomenon remains poorly understood; however, the

most prominent hypothesis again relates brain sag and

vascular engorgement from CSF hypotension to venous

avulsion [3, 12, 18, 42, 45]. Supercerebellar veins appear to

be the most vulnerable, and the majority of reported

patients have demonstrated blood products overlying the

superior cerebellar folia [3, 12, 18, 42, 45]. Other forms of

intracranial hemorrhage (ICH) including SDH, intra-

parenchymal hemorrhage (IPH), and intraventricular

hemorrhage have also been documented in the setting of

CSF hypotension and are hypothesized to follow from the

same fundamental mechanism [5, 7, 8, 12, 18, 42, 45]. The

proposed relationship between CSF hypotension and IPH

finds further support in the association of postoperative

subfascial drains and lumbar drains with remote hemor-

rhages, as either drainage device may inadvertently induce

excessive CSF diversion [2, 14, 18, 29]. Still other reports

have demonstrated remote ICH at the time of lumbar

puncture or spinal epidural injection, or delayed ICH after

placement of a lumboperitoneal shunt [27, 28, 33, 36].

Spinal SDH is an equally rare phenomenon, which has

been documented as a complication of various interven-

tions altering CSF dynamics including lumbar puncture,

ventriculoperitoneal shunt placement, or craniotomy

[10, 13, 20, 21, 34, 35]. A broad range of even less common

etiologies has also been reported including spontaneous,

posttraumatic, neoplastic, medication-induced, and vascular

[15, 22, 26, 31, 34, 38, 40, 41, 43, 48].

One report of interest involves a patient with primary

intracranial SAH after vertebral artery dissection, who

developed symptomatic lumbar SDH causing unilateral

foot drop, which the authors attributed to direct sedimen-

tation of blood products from the craniocervical junction
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Fig. 1 Noncontrast head CT

demonstrating subarachnoid

hemorrhage with

intraventricular extension, a

prominent accumulation of

blood products along the

superior cerebellum, as well as

within the bilateral Sylvian

fissures (a). MRI of the brain

highlighting these same

findings, with both gradient

response echo (b) and FLAIR

(c) sequence abnormalities

capturing significant blood

products over these same

distributions
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into a compressive hematoma within the thecal sac [46].

Although such a mechanism could potentially underlie the

present case, the radiographic appearance is dissimilar,

with our patient demonstrating more superior and longi-

tudinal accumulation of blood products (as opposed to

within the cul-de-sac). Notably, other reports from the

radiology literature have shown that this ‘‘sedimentation

sign’’ is observed in a significant fraction of SAH patients

who undergo lumbar MRI, with the above-mentioned case

representing the first and only instance of radiculopathy or

myelopathy attributable to this anomaly—a stark contrast

to our patient’s acute and severe myelopathy [9]. Finally,

the large durotomy we observed would likely have

siphoned blood out of the subdural space prior to clot

formation. In this same vein, our case invites the question

of whether routine postoperative epidural blood products

and a large durotomy might predispose to development of a

SDH. However, such flow would be retrograde to the

expected CSF pressure gradients, which would prevent

formation of a sufficient clot to cause mass effect and

produce the patient’s precipitous weakness.

As in the present case, spinal SDH typically presents

with bilateral lower extremity weakness, which may be

accompanied by radicular pain, sensory changes, or bowel–

bladder dysfunction [1, 13, 15, 20, 26, 27, 34]. When

suspected, the diagnostic modality of choice is MRI, which

shows time-dependent changes in blood products including

T2 hyperintensity in the first 24 h, T2 hypointensity from

24 to 72 h, and ultimately progressive T1 hyperintensity

over days three to seven [4, 16, 23, 24]. Early FLAIR and

gradient-response echo abnormalities have also been

observed and may prove most useful in the hyperacute and

acute phase, when discrimination of an isointense

hemorrhage is the most challenging [4, 23, 24]. Rare

reports have also described an ‘‘inverted Mercedes sign’’ in

which the SDH, CSF, and neural elements appear remi-

niscent of the marques logo [16, 17]. Although this sign

was visualized on our patient’s imaging, our review of the

literature suggests that it is highly inconsistent and not

diagnostically reliable.

Treatment of spinal SDH is surgical decompression,

particularly in the postoperative setting, although isolated

reports have documented complete neurologic recovery

after expectant management in cases of spontaneous or

traumatic spinal SDH with mild neurologic signs

[1, 10, 13, 15, 23, 25, 26]. Notwithstanding, these results

are unproven, and in a patient with a new neurologic deficit

localizing to a radiographic lesion, we advocate operative

evacuation. This is especially important in cases such as

ours, in which an underlying CSF leak is suspected, war-

ranting direct inspection and repair.

Conclusion

Our case demonstrates a unique clinical history of con-

comitant intracranial SAH and spinal SDH, potentially

linked by underlying CSF hypotension. Risk factors for the

development of such hemorrhages are poorly defined but

likely include intraoperative durotomy, suggesting that a

watertight intraoperative repair should be attempted

whenever possible [18]. A high index of suspicion is

warranted in a patient who experiences an unexplained

acute decline after spine surgery with durotomy, and we

recommend a low threshold for proceeding to head CT or

spinal MRI, as indicated by clinical symptoms. Patients

Fig. 2 Subacute phase T1-weighted sagittal MRI of the lumbar spine

demonstrated hyperintensity extending along the posterolateral aspect

of the cauda equina from the resection bed superiorly, consistent with

subdural hematoma (a). T2-weighted axial imaging of the lumbar

spine just superior to the resection site was noteworthy for an inverted

‘‘Mercedes’’ sign, an uncommon but previously reported indication of

spinal subdural hematoma (b). T2-weighted axial imaging through the

level of the resection demonstrated a moderate-sized pseudomeningo-

cele with violation of the dural plane and anterior displacement of the

neural elements, consistent with a recurrent CSF leak (c)
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with angiogram-negative SAH after spine surgery require

ICU management and should be considered for advanced

imaging, particularly if there is an associated history of

durotomy or any symptoms concerning for CSF hypoten-

sion such as positional headache, tinnitus, or altered mental

status. Although each of these entities is rare, they have the

potential to be highly morbid, and early detection provides

the best advantage for achieving a good neurologic

outcome.
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