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Abstract

Background: Isolated traumatic subarachnoid hemorrhage (isolated tSAH) in
association with mild traumatic brain injury is considered to be aless severe finding that
is not likely to require surgical intervention. NoO previous reports appear to have
described cases warranting craniotomy for isolated tSAH by itself. Clinical
presentation: We report two cases of minor head trauma with isolated tSAH that
showed delayed clinical deterioration requiring immediate surgical intervention. Initial
computed tomography (CT) showed isolated tSAH in the basal cistern and Sylvian
fissure in both cases. Angiography showed no aneurysmal source. Within 24 h of each
accident, both disturbance of consciousness and hemiparesis deteriorated. Follow-up CT
showed formation of intracerebral hematoma adjacent to the Sylvian fissure.
Intraoperative findings showed abruption injury of a perforating branch arising from the
middle cerebral artery as the cause of bleeding. Impact at the time of injury could have
caused traction on the middle cerebra artery in the Sylvian fissure, resulting in
abruption of the perforator. Conclusion: We conclude that isolated tSAH seen in the
basal cistern and Sylvian fissure carries arisk of late deterioration. A possible cause of
hematoma expansion is abruption of a perforating branch arising from the MCA at the
time of head injury. Once hematoma expansion is identified, surgica evacuation of the
hematoma is indicated. The surgical evacuation should be safely performed with the
knowledge of the bleeding point in such patients.
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Background and Importance:

Recent studies™*>"® have suggested that isolated traumatic subarachnoid hemorrhage
(tSAH) in mild traumatic brain injury (mTBI) isarelatively less severe finding that is
unlikely to require surgical intervention. Although the potential need for repeat
computed tomography (CT) to check for the development of delayed intracranial
hematoma formation has been suggested in elderly patients™'° arisk of delayed
clinical deterioration in patients with isolated tSAH has not been reported previously.
Moreover, no reports have clearly shown the origin of an isolated tSAH. We report two
cases of isolated tSAH in which delayed clinical deterioration required emergency
surgical intervention. Clinical characteristics and possible pathophysiological
mechanisms are discussed.

Clinical presentation:
Casel

A 73-year-old man with a history of Parkinsonism and hypertension presented to our
emergency department after falling from a bed and hitting his forehead on a wooden
desk. He had been alert and oriented, with a Glasgow coma scale (GCS) score of 15.
Initial CT on referral demonstrated SAH in the left Sylvian fissure (Fig. 1A). Magnetic
resonance angiography (MRA) found no aneurysmal source (Fig. 2A). He was admitted
to our neurosurgical department for course observation. Results of |aboratory
coagulation tests on admission were within normal range. The patient had no platel et
disorders, and did not take oral anticoagulants or anti-platelet drugs. His blood pressure
was well controlled by administration of calcium channel blockers.
Twenty hours after the accident, he devel oped right-sided motor weakness and
disturbance of consciousness (GCS, 10: E3V2M5). Follow-up CT revealed left Sylvian
hematoma with surrounding intracerebral hematoma (Fig. 1B). Emergency craniotomy
was performed for evacuation of the hematoma and hemostasis. Intraoperative
examination identified a tear in the one of perforating branch arising from the M2
branch of middle cerebral artery (MCA), feeding the insular cortex as the cause of
bleeding (Fig. 2B). The arteria tear was reconstructed using 10-0 nylon sutures.
Postoperative course was uneventful. The patient was discharged to rehabilitation with

mild right hemiparesis.
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Case 2

A 52-year-old woman with no significant past medical history was transferred from a
referring hospital after a minor collision with a motor vehicle while walking along a
road. Initial GCS score at the referring hospital was 15, without any significant
neurological deficits. Initial CT at the referring hospital demonstrated SAH in the | eft
Sylvian fissure (Fig. 3A). MRA did not revea any aneurysmal source. Three hours after
the accident, she developed right-sided motor weakness and motor aphasia. Follow-up
CT revealed | eft intracerebral hematoma concomitant with Sylvian hematoma (Fig. 3B).
She was then transferred to our neurosurgical department for further treatment. On
admission, GCS score was 7 (E1V 1IM5) with right hemiparesis. CT angiography
showed neither an aneurismal source nor a point of bleeding. Results of laboratory
coagulation tests on admission were within normal range. The patient had no platel et
disorders. Her blood pressure was well controlled using calcium channel blockers.
Emergency craniotomy was performed to alleviate the mass effect caused by the
hematoma (Fig. 4A, B). Intraoperative findings showed abruption of the small
perforating branch arising from the MCA (frontal branch of M2) that penetrated to the
left frontal operculum as the cause of bleeding (Fig. 4C). The stump of the pulled-out
artery was electrocoagulated (Fig. 4D). Postoperative course was uneventful.
Hemiparesisimproved to allow normal activities of daily living, and she was discharged
to rehabilitation with mild motor aphasia.

Discussion:

Despite the absence of evidence-based guidelines for managing mTBI in patients with
tSAH, recommendations have been published. Most reports have stated that tSAH itself
is not asignificant prognostic factor predictive of further medical or surgical treatment
of mTBI**>"#, Recent reports have found no neurological decline or need for
neurosurgical procedures in patients with mTBI (GCS score 213) and isolated
tSAH"8 Leeet al.* reported that only three of 661 patients (0.45%) with isolated
tSAH underwent any sort of aggressive neurosurgical or endovascular intervention.
They described two patients who received burr hole surgery to control intracrania
pressure, and one patient who underwent an endovascular procedure to treat
symptomatic vasospasm. No patients needed craniotomy. Conversely, Wu et al.*
suggested that tSAH in the basal cisterns or Sylvian fissure on initial CT should prompt
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consideration of neurosurgical consultation, similar to evidence of progressive
hemorrhage on repeat CT. They reported two patients with such SAH who underwent
craniotomy, although the types of surgery were not described. They suggested the
existence of vascular malformation and cerebral aneurysm as associated with a need for
craniotomy. Our report isthefirst to reveal that tSAH in the basal cistern or Sylvian
fissure associated with subsequent hematoma formation through abruption of the
perforating branch of the M2 segment of the MCA.. We specul ate that a traumatic
impact could cause retraction of the M2 segment of the MCA floating in the Sylvian
fissure concomitant with the shift in brain parenchyma, resulting in abruption of the
perforating artery arising from the M2 segment of the MCA. The postoperative cerebral
infarctions seen in our cases might suggest that the cause of the bleeding was injury to
the perforating artery arising from MCA (Fig. 5), although the possibility that surgical
mani pulation caused injury to the parenchymawas not totally ruled out. Abruption or
tear of the proximal portion of asmall perforating artery caused SAH in the Sylvian
fissure and basal cistern, while continuous bleeding caused gradual hematoma
formation within the Sylvian fissure, finally extending to the adjacent cerebral
parenchyma (Case 2). One previous case report® showed traumatic false aneurysm
formation at the M2 branch of the MCA. Initial findings on CT and the clinical course
of later hematoma formation in the patient were very similar to those seen in our Case 1.
That case would thus suggest a process of hematoma formation caused by atear in the
M2 branch of the MCA. Arterial bleeding from small vessels continued until local
hemostasis was achieved by surrounding hematoma, which appeared to involve afase
aneurysm, resulting in equilibrium between pressure from the hematoma cavity and
local blood pressure at the bleeding point. Considering that it took 20 h for clinical
deterioration to become apparent in Case 1, subsequent bleeding after primary
hemostasi s that could have been achieved by pseudoaneurysm formation had occurred
by rupturing the aneurysm. Transarachnoid extension of late hemorrhage was another
possible etiology for Case 1. Moreover, hemostasis by local vasospasm or thrombosis at
the site of vascular injury might play arole for later hematoma expansion, as previously
discussed in the cases of some SAH patients with unknown aneurysmal sources’.
Patients with an aneurysmal pattern of hemorrhage on CT, but with negative results on
angiography, are well known to still be at risk of developing secondary ischemia and
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rebleeding. Our report may be the first to describe the bleeding point of such hematoma
ascertained by surgical intervention, except for hidden aneurismal sources.

In our cases, types of injury and sites of bruising were varied. We could not find any
reliable sign of late deterioration on initial CT or magnetic resonance imaging. Thick
SAH in the Sylvian valleculae was the only common sign suggesting later deterioration
caused by abruption of asmall perforating artery, although that finding was not specific
and was seen among many tSAH patients. Preoperative diffusion-weighted imaging
failed to show any sign of the infarctions caused by such asmall perforator injury, as
revealed postoperatively (Fig. 5). MRA yielded negative results. Contrast-enhanced CT
at thetime of initial referral could show signs of active bleeding from injured small
arteries, aswell as spot signsin acute intracerebral hemorrhage?, but this method seems
less practical. Our institution is a core hospital with an emergency department and treats
over 150 cases of admitted TBI each year, but has encountered no such cases during the
last ten years.

Once clinical deterioration due to hematoma formation isidentified, craniotomy
should be performed to improve any mass effect from the hematoma and prevent further
hematoma expansion. Before craniotomy, angiography should be performed to exclude
the possibility of vascular malformation or aneurysm rupture, because the surgical
strategies vary between those pathol ogies and abruption of asmall artery. Bleeding
caused by abruption of asmall artery is easy to control, whereas others are not. We
performed reconstruction of the artery in Case 1, but could not do so in Case 2.
Considering that neither case showed neurological symptoms associated with cerebral
infarction due to the injured perforating arteries, reconstruction of theinjured artery
would not have been apriority in any case. To improve the prognosis in such cases,
clinicians should be aware that mTBI with tSAH may show |ate deterioration with
hematoma expansion.

Conclusion:

We conclude that isolated tSAH seen in the basal cistern and Sylvian fissure carries a
risk of late deterioration. One possible cause of hematoma expansion is abruption of a
perforating branch arising from the MCA at the time of head injury. Identification of
hematoma expansion is an indication for surgical evacuation of the hematoma. Surgical
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evacuation should be safely performed in the knowledge of the bleeding point in such
patients.
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Figure legends:

Figurel: Case 1l

A) Initial CT on admission shows SAH in the left basal cistern and Sylvian fissure. B)
CT at the time of deterioration shows Sylvian hematoma. Note that SAH was not seen

in the right basal cistern, suggesting gradual hematoma expansion.

Figure 2: Case 1

A) MRA on admission shows no aneurismal source. B) Intraoperative findings show a
tear in the perforating artery arising from M2 branch of the MCA as the cause of
bleeding (arrow). C) Postoperative CT shows removal of the hematoma.

*: Sylvian vein; F: frontal lobe; arrowhead: injured perforating artery.

Figure 3: Case 2
A) Initial CT soon after injury shows SAH in the left basal cistern and Sylvian fissure.
B) CT obtained at the time of deterioration shows Sylvian hematoma and intracerebral

hematoma. C) Postoperative CT shows removal of the hematoma.

Figure 4:

A) Intraoperative findings show the hematoma packing the Sylvian fissure. B) After
removing Sylvian hematoma, MCA was reveaed in the Sylvian fissure. C) The
bleeding point was identified as an abruption of the perforating artery (arrow). D) The
stump of the pulled-out artery was el ectrocoagul ated.

*: Sylvian vein; F: frontal lobe; T: temporal lobe; arrowhead; injured perforating artery.

Figure5:

A, B) Pre- (left) and postoperative (right) diffusion-weighted MRI for Case 1 (A) and
Case 2 (B). Preoperative MRI does not show any cerebral infarction caused by injured
perforating arteries arising from M2 branch of MCA, but infarctions are apparent

postoperatively.


















Highlights

We reported two cases of isolated traumatic SAH that showed late
deterioration with Sylvian hematoma formation.

The abruption injury of a perforating branch of MCA caused hematoma
formation. The mechanism of the late deterioration of traumatic SAH was
discussed. Although these cases are rare, we should note that these cases do
exist.

Once hematoma expansion 1is identified, surgical evacuation of the
hematoma is indicated. The surgical evacuation should be safely performed

with the knowledge of the bleeding point of such patients.



