Origin of Pretruncal Nonaneurysmal Subarachnoid Hemorrhage:
Ruptured Vein, Perforating Artery, or Intramural Hematoma?
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Pretruqeal (perimesencephalic) nonaneurysmal subarachnoid hemorrhage (SAH) is a benign variant of SAH. Although angiography fails to show a source of the hemorrhage, mild basilar artery narrowing may be observed.
The cause of pretruncal nonaneurysmal SAH has not been
established. Recent imaging studies have demonstrated
that the center of this type of SAH is not around the
mesencephalon but is in the prepontine or interpeduncular cistern with the hemorrhage closely associated with the
basilar artery. We review the possible sources of hemorrhage in these cisterns and hypothesize that pretruncal
nonaneurysmal SAH is caused by a primary intramural
hematoma of the basilar artery. Such an intramural hematoma would explain bleeding under low pressure, the loea-

tion of the hemorrhage anterior to the brainstem, and the
typical findings of hemorrhage adjacent to the basilar
artery lumen on magnetic resonance imaging and mild
basilar artery narrowing on angiography. Although an
intramural hematoma of the basilar artery would be easily
identified at surgical exploration, such surgeries have
never included the extensive base-of-the-skull approaches
that are necessary to visualize the artery in the prepontine
cistern.
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CT = computed tomography; MRI = magnetic resonance imaging; SAH =subarachnoid hemorrhage

A

mong patients with a subarachnoid hemorrhage
(SAH) and normal findings on an angiogram, 50% to
75% have a computed tomographic (CT) scan showing a
specific pattern of hemorrhage, the so-called pretruncal
(perimesencephalic) nonaneurysmal SAH (Figure 1). This
type of hemorrhage has become well established as a benign variant of SAH.I-9 Despite clinical observations in a
large number of patients worldwide, extensive radiographic investigations, and surgical exploration in a few
patients, the cause of pretruncal nonaneurysmal SAH has
remained a mystery. Because of the invariably excellent
prognosis, no postmortem studies are available. Recent
imaging studies have demonstrated that the center of this
type of SAH is not around the mesencephalon but rather is
anterior to the brainstem, most commonly in the prepontine
cistern with the hemorrhage intimately associated with the
basilar artery.?" Based on this knowledge, we review the
possible sources of bleeding in pretruncal nonaneurysmal
SAH and propose that this benign variant of SAH may be
caused by a primary intramural hematoma of the basilar
artery.

An SAH caused by rupture of a cerebral aneurysm is a
devastating event, associated with a 50% early mortality
rate. 10 In contrast, patients with a pretruncal nonaneurysmal
SAH rarely lose consciousness at the time of the hemorrhage, are in good condition on admission to the hospital,
have an excellent prognosis, and have a corresponding CT
scan with no pronounced intraventricular hemorrhage or
intracerebral hematoma.':" Because of the benign clinical
presentation and findings on imaging studies, the source of
a pretruncal nonaneurysmal SAH must be under relatively
low pressure. The typical distribution of blood in this type
of hemorrhage is best explained by a source in the prepontine or interpeduncular cistern, such as the anterior
pontomesencephalic vein, perforating arteries arising from
the basilar artery or its main branches, or the basilar artery
itself (Figure 2).
RUPTURED VEIN
A ruptured vein has long been suspected to be the cause of
pretruncal nonaneurysmal SAH.I Not only would a venous
source account for bleeding under low pressure but also a
history of a Valsalva maneuver immediately before the onset of headache is often elicited in this patient population. A
Valsalva maneuver may result in an abrupt increase in
cerebral venous pressure by retrograde transmission of increased intrathoracic pressure. However, Valsalva maneuvers also frequently precipitate SAH from an arterial source,
possibly because of the associated changes in arterial blood
pressure, intracranial pressure, and transmural pressure. II
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Figure 1. Computed tomograms of patients with pretruncal nonaneurysmal subarachnoid hemorrhage showing
localized hemorrhage in the prepontine (left) and interpeduncular (right) cisterns.

In an early angiographic study, when the center of this
type of SAH was believed to be in the perimesencephalic
cisterns, particular attention was paid to the basal vein of
Rosenthal, and no abnormalities were reported. 1 This vein
courses through the crural, ambient, and quadrigeminal
cisterns but not through the interpeduncular or prepontine
cisterns. Subsequent detailed angiographic investigations
of the venous structures in the interpeduncular and prepontine cisterns also detected no abnormalities (W.I.S. and
E.F.M.W., unpublished data, 2000). On surgical exploration of the prepontine and interpeduncular cisterns for
unrelated vascular or neoplastic disease, we have occasionally noted an engorged anterior pontomesencephalic
vein (Figure 2). This vein, also known as the prepontine
vein, courses along the anterior surface of the pons near the
basilar artery (Figure 2). Once ruptured, this vein is a likely
candidate for the source of pretruncalnonaneurysmal SAH.
Because of venous collapse and the variability of venous anatomy in the posterior fossa, it is unlikely that a
ruptured vein would be an easily identified source of SAH
at autopsy or surgical exploration.

are tethered to the surrounding arachnoid trabeculae, perhaps predisposing them to tearing and bleeding after minor trauma.
In the pre-CT era, Hochberg et al" described a patient
with an SAH and normal findings on an angiogram in
whom a ruptured pontine perforating artery was found at
postmortem examination. Some patients with a pretruncal
nonaneurysmal SAHdevelop acute lacunar infarcts, and
investigators have suggested that this favors a perforating
artery as the source of the hemorrhage. 14,15 However, these
infarcts generally are found inthe putamen or caudate, and
magnetic resonance images (MRIs) have shown that
infarcts in the distribution of perforating arteries coursing
through the prepontine or interpeduncular cistern are very
rare. 15.16
Because of the large number and variability of perforating vessels anterior to the brainstem, it is also unlikely that
a ruptured perforating artery would be an easily identified
source of SAH at autopsy or surgical exploration, unless
associated with thrombosis of the vessel.

PERFORATING ARTERY

Magnetic resonance images in patients with pretruncal
nonaneurysmal SAH often demonstrate a localized hemorrhage closely associated with the lumen of the basilar artery
(Figure 3).15'17 Rather than a layering of blood along the
basilar artery, this may represent a primary hematoma
within the wall of the artery itself. Luminal narrowing of
the basilar artery is common in pretruncal nonaneurysmal

Alexander et al" were the first to suggest a perforating
artery as the cause of pretruncal nonaneurysmal SAH.
Numerous perforating arteries arising from the basilar
artery, the superior cerebellar arteries, and the posterior
cerebral arteries course through the prepontine and interpeduncular cisterns (Figure 2). Often, perforating arteries

INTRAMURAL HEMATOMA
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Figure2. Intraoperative photograph (left)and corresponding line drawing(right)of the prepontineand interpeduncular cisternsin a patient
who underwent an orbitozygomatic craniotomy. Note the proximity of the possible sources of pretruncal nonaneurysmal subarachnoid
hemorrhage.

SAH and may be seen in up to 25% of patients." This
nonspecific narrowing is mild and generally interpreted as
vasospasm but also is compatible with basilar artery dissection (Figure 4). It may seem counterintuitive to suggest
arterial dissection as the cause of a type of SAH that is
associated with completely normal findings on an angiogram in at least 75% of patients. Although sporadic MRIdiagnosed cases of carotid artery dissection with normal

angiographic findings have been reported, a wide majority
of cases of cervicocephalic arterial dissections are characterized angiographically by areas of stenosis, wall irregularities, aneurysmal dilatation, or a double lumen." However, a substantial majority of cervicocephalic arterial
dissections are associated with an intimal tear, allowing
circulating blood to penetrate into the vessel wall. 18 Under
such circumstances, the hemorrhage is under frank arterial

Figure 3. Magnetic resonance images (left and right) of patients with pretruncal nonaneurysmal subarachnoid
hemorrhage. Note the proximityof the hematomato the basilar artery lumen.
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Figure 4. Frontal vertebral angiogram of a patient with a
pretruncal nonaneurysmal subarachnoid hemorrhage. Note the
smooth mild stenosis of the basilar artery as it traverses the
prepontine cistern (arrowheads).

pressure, and a resultant SAH has a correspondingly poor
prognosis. Alternatively, however, an intramural hematoma may be the primary event in arterial dissection. In the
aorta, such a primary intramural hematoma is known as

Figure 5. A primary intramural hematoma of the basilar artery.
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aortic dissection without intimal rupture and is believed to
be caused by rupture of vasa vasorum.P-" Vasa vasorum
are also present in human vertebrobasilar arteries.":" The
walls of intracranial arteries are very attenuated compared
to their extracranial counterparts of the same diameter and
lack an external elastic membrane. Therefore, a primary
intramural hematoma would be expected to break through
into the subarachnoid space easily before building up a
high intramural pressure, without causing any, or only
mild, luminal compromise (Figure 5). The absence of communication between the basilar artery lumen and the dissection would also explain the lack of wall irregularity,
aneurysmal dilatation, or double lumen.
Unlike a ruptured vein or perforating artery, an intramural hematoma of the basilar artery may be expected to be
identified easily at the time of surgery. However, explorative craniotomies have been performed inpatients with
pretruncal nonaneurysmal SAH, and no source of the hemorrhage was found.5.23-25 Details of the extent of surgical
exploration are scant in these reports, but having participated in 2 of the 4 reported cases, we know that the center
of attention was the perimesencephalic cisterns, not the
prepontine cistern. No skull-base approaches were used in
these cases, and most of the basilar trunk, certainly the
infraclinoid portion, was not visualized. Thus, an intramural hematoma of the basilar artery trunk could have easily
escaped detection. In addition, the appearance of arterial
dissections may change rapidly over a very short period;
intramural hematomas of the aorta have been reported to
resolve completely within 24 hours."
There are no other types of SAH limited to a specific
location that have the same benign clinical and radiographic characteristics as a pretruncal nonaneurysmal
SAH, which suggests that the source of pretruncal nonaneurysmal SAH must be unique to its location anterior to
the brainstem. The only vascular structure anatomically
unique to the prepontine and interpeduncular cisterns is the
basilar artery, not small to medium-sized veins or perforating arteries, which are found throughout the major intracranial subarachnoid cisterns.
It is unlikely that useful autopsy results will become
available in a large group of patients with pretruncal nonaneurysmal SAH. Further refinements in imaging techniques, particularly more powerful MRI scanners, will allow direct visualization of the contents of the pretruncal
cisterns in great detail and will test the hypothesis that a
primary intramural hematoma of the basilar artery is the
source of pretruncal nonaneurysmal SAH.
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