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Summary: We report CT findings in seven patients with
diffuse cerebral edema and increased attenuation in the
basilar cisterns resembling subarachnoid hemorrhage. On
the basis of autopsy (three cases) and lumbar puncture
(four cases) findings, true subarachnoid hemorrhage was
reasonably excluded. Pathophysiologic changes that occur
with diffuse cerebral edema are explored, with proposed
explanations for the appearance of a pseudo-subarachnoid
hemorrhage.

Increased attenuation of the basal cisterns and sub-
arachnoid spaces on CT scans is a characteristic find-
ing of acute subarachnoid hemorrhage (SAH). Sev-
eral radiographic mimics of SAH have been reported,
including pyogenic leptomeningitis, CT appearance
of intrathecally administered contrast material, and
leakage of high-dose intravenous contrast medium
into the subarachnoid spaces (1–6). Together, these
CT mimics of SAH have been called pseudo-SAH
(5–7).

The pseudo-SAH appearance may also be seen in
patients with acute neurologic deficits in whom evi-
dence of diffuse cerebral edema is present at CT
examination. In this report, we describe seven pa-
tients with pseudo-SAH hemorrhage associated with
diffuse cerebral edema. We also review the literature,
investigate the pathophysiology behind its appear-
ance, and discuss imaging findings that aid in its
recognition and its distinction from true SAH.

Case Reports

We retrospectively reviewed the clinical, laboratory, and
pathology-autopsy reports in seven patients without trauma
(Table). Diffuse cerebral edema and increased attenuation of
the subarachnoid spaces was noted on CT scans. Nonenhanced
head CT scans were obtained in all cases, and one of the
patients (case 1) was also examined with a contrast-enhanced
study. In each case, the attenuation within the basal cisterns
mimicked that of SAH (Figs 1A, 2A). The patients were aged

8 months to 37 years and included four male and three female
patients. The time from their clinical deterioration (usually
during intubation) to the CT examination varied widely, rang-
ing from approximately 2 hours before deterioration (case 4) to
approximately 33 hours after resuscitation (case 2). Attenua-
tion values within the basal cisterns were obtainable in three of
the patients (cases 5–7). Two of the patients (cases 6 and 7) had
undergone prior examinations, with images available for com-
parison. These permitted quantification of the observed de-
crease in attenuation within the deep gray matter structures.
True SAH was excluded by means of either autopsy (three
cases) or lumbar puncture (four cases).

CT scans in each of the seven patients displayed increased
attenuation of the subarachnoid spaces in the basal cisterns
(mimicking SAH), as well as signs of diffuse cerebral edema
(Figs 1 and 2). Signs of cerebral edema included the following:
effacement of the basal cisterns and cortical sulci (seven pa-
tients), compression or mass effect or both on the fourth
ventricle (six patients), and poor gray matter—white matter
differentiation (four patients). One patient (case 1) had an
additional finding of abnormal enhancement within the basal
cisterns after the intravenous administration of contrast mate-
rial (Fig 1B). None of the patients had evidence of hemorrhage
or increased attenuation within the ventricular system or the
superficial sulci. When obtainable, the attenuation values
within the basal cisterns ranged from 21 to 40 HU, with mean
values of 29–33 HU (Table). In the two cases with prior CT
examinations (cases 6 and 7), the mean attenuation value of the
deep gray matter (thalami) decreased by 12.5% and 6.5%,
respectively, with the development of the pseudo-SAH appear-
ance. The CT findings were prospectively interpreted as dem-
onstrating pseudo-SAH in five of the cases, with aneurysmal-
type SAH suggested in the remaining two cases. Six of the
patients subsequently died, and one patient (case 3) fully re-
covered after surgical intervention.

Discussion
The pseudo-SAH appearance within the basal cis-

terns, in conjunction with diffuse cerebral edema, has
received only limited attention in the medical litera-
ture. Avrahami et al (7) noted pseudo-SAH in a case
series of comatose patients (without trauma), and
pseudo-SAH was the subject of a case report by Al-
Yamany et al (6). Others (3, 4) have noted increased
attenuation of the falx and tentorium in association
with cerebral edema, but they made no mention of
increased attenuation within the basal cisterns.

To explain the origin of pseudo-SAH in association
with cerebral edema, we considered the proposed
causes of pseudo-SAH in other diseases. In cases of
meningitis, toxins elaborated by the offending organ-
ism lead to breakdown of the blood-brain barrier
(BBB) (2). The resultant BBB disruption allows pro-
teinaceous material to leak into the subarachnoid
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space (2, 8). However, CSF protein concentrations
are sufficiently elevated to cause appreciable changes
in CSF attenuation only in the most severe cases of
meningitis (2, 9). Breakdown of the BBB and vaso-
genic edema usually accompany diffuse cerebral
edema (10–12). During the acute phases of cerebral
injury, vasogenic edema is predominately cleared by

means of CSF resorption (10, 13, 14). While the CSF
protein content may be elevated in cases of cerebral
edema (and other pathologic entities), this elevation
has a negligible effect on the CSF attenuation value at
CT examination (9). Any increase in the CSF protein
content would not contribute significantly to the
pseudo-SAH appearance observed in cases of cere-

Summary of clinical and imaging findings

Case
Patient
Age/Sex

Signs of
Edema*

Attenuation
Value (HU)† Proof‡ Diagnosis at Death or Discharge§

1 5 y/M C, E NA Autopsy result Diffuse cerebral edema secondary to hyponatremia
2 37 y/F C, E, GW NA Autopsy result Sudden cardiac death, anoxic injury
3 22 y/M C, E NA Negative LP result Pseudo-tumor cerebri
4 22 y/F C, E NA Autopsy result DKA with hypoxic and metabolic encephalopathy
5 8 mo/F E, GW 29 Negative LP result Diffuse cerebral edema, SIDS
6 5 y/M C, E, GW 33 Negative LP result Cardiopulmonary failure secondary to unknown

metabolic disorder (possibly Leigh disease)
7 6 y/M C, E, GW 29 Negative LP result Septic Shock

* C indicates compression and/or mass effect on the fourth ventricle; E, effacement of the basal cisterns and cortical sulci; GW, decreased gray
matter–white matter differentiation.

†Mean attenuation levels were obtained with a region of interest drawn in the basal cisterns. NA indicates not available.
‡ LP indicates lumbar puncture.
§ DKA indicates diabetic ketoacidosis; SIDS, sudden infant death syndrome.

FIG 1. Case 1. Axial nonenhanced CT
images through the basal cisterns.

A, Image obtained before contrast en-
hancement reveals abnormally increased
attenuation within the basal cisterns (ar-
rows).

B, The basal cisterns (arrowheads) are
enhancing after the intravenous adminis-
tration of contrast material.

FIG 2. Case 6. Axial nonenhanced CT
images through the basal cisterns.

A, Image reveals effacement of and in-
creased attenuation within the basal cis-
terns (arrowheads).

B, The findings were not present on the
prior image obtained approximately 3
days earlier.
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bral edema. Some have postulated that other factors,
such as edema within the adjacent cortex, elevated
intracranial pressure with venous distention, or puru-
lent material within the subarachnoid spaces contrib-
ute to the pseudo-SAH appearance (6, 7).

The increase in intracranial pressure and the brain
swelling that accompany cerebral edema narrow the
subarachnoid spaces and displace CSF. The increased
intracranial pressure causes engorgement and dilata-
tion of the superficial (pial) venous structures (15–
18). The resultant subarachnoid spaces become rela-
tively devoid of the hypoattenuated CSF and fill with
a larger fraction of meninges and blood vessels than
in the normal state, potentially increasing their CT
attenuation. The pooling of contrast agent within
these distended venous structures may have ac-
counted for the abnormal enhancement observed
within the basal cisterns in one of our cases (Fig 1B).
Avrahami et al (7) observed a similar pattern of
contrast enhancement within the basal cisterns in
patients with cerebral edema.

With development of cerebral edema, the attenu-
ation of the brain parenchyma decreases concurrently
(12, 19). The attenuation value of normal gray matter
varies with patient age. Normal values of around 33
HU are observed in adults (20, 21). Prior CT scans
were available in two of our cases. These permitted us
to eliminate age-associated variation and to calculate
the decrease in attenuation within the parenchyma in
these cases of pseudo-SAH. In cases 6 and 7, atten-
uation within the thalami decreased by 12.5% and
6.5%, respectively, with development of edema and
the pseudo-SAH appearance. This decrease in atten-
uation is indicative of cerebral edema and likely con-
tributes to the pseudo-SAH appearance by increasing
the conspicuity of the distended vasculature within
the basal cisterns.

We were able to measure attenuation values within
the basal cisterns in three of our patients (cases 5–7),
with mean values ranging from 29 to 33 HU (Table).
These values were well below the expected attenua-
tion of clot within the basal cisterns in patients with
SAH, in whom attenuation values typically range
from 60 to70 HU (22–24). These lower attenuation
values, in association with signs of diffuse cerebral
edema, should permit the prospective recognition of
pseudo-SAH and obviate more invasive testing.

Conclusion
A false appearance of SAH, or pseudo-SAH, may

be seen on CT scans in cases of marked cerebral
edema. A plausible explanation for this appearance
includes a combination of displacement of hypoat-
tenuated CSF, distention of the superficial vascula-
ture, and edema within the adjacent cortex. Although
an increase in the CSF protein content may be seen in
cases of cerebral edema, this is unlikely to contribute
to the pseudo-SAH appearance. Attenuation values
within the basal cisterns in cases of pseudo-SAH are

much lower than those observed in cases of true acute
SAH. Radiologists should be aware of this potential
mimic of SAH when evaluating patients with diffuse
cerebral edema.
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