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Basal Cistern Effacement and PseudoeSubarachnoid Hemorrhage on Computed
Tomography Images of Chronic Subdural Hematoma
Hideki Atsumi, Takatoshi Sorimachi, Yoichi Nonaka, Mitsunori Matsumae
-OBJECTIVE: Computed tomography images of patients
with chronic subdural hematoma (CSDH) sometimes show
obliteration of the basal cistern with high density in an
obliterated Sylvian cistern, termed pseudoesubarachnoid
hemorrhage (SAH). The present study aimed to clarify the
characteristics and outcomes of these conditions.

-METHODS: We retrospectively investigated 669
consecutive patients who were surgically treated for CSDH
between January 2006 and May 2019.

-RESULTS: Basal cistern effacement and pseudo-SAH
were found in 24 (3.6%) and 11 (1.6%) patients, respec-
tively. Predictors of basal cistern effacement in patients
with CSDH were younger age, cerebrospinal fluid leak, and
bilateral CSDH (P < 0.05). In patients with basal and Sylvian
cistern effacement, the significantly different main features
to differentiate patients with and without pseudo-SAH
were younger age, cerebrospinal fluid leak, and thick
small hematomas on computed tomography slices of the
Sylvian cistern (P < 0.05). Magnetic resonance imaging
showed that high-density areas in the Sylvian cistern of
pseudo-SAH on precontrast computed tomography images
corresponded to the M1 segment of the middle cerebral
artery. The outcomes of patients with basal cistern
effacement and of patients with pseudo-SAH did not differ
from other patients with CSDH, although rates of surgical
complications were significantly higher among patients
with basal cistern effacement.

-CONCLUSIONS: Although the outcomes of patients with
basal cistern effacement and pseudo-SAH were similar to
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outcomes of other patients with CSDH, problematic post-
surgical complications and cerebrospinal fluid leaks were
more likely to arise in such patients.
INTRODUCTION
he basal cistern is compressed and effaced on computed
tomography (CT) images of some patients with chronic
Tsubdural hematoma (CSDH) because of the mass effect of

the hematoma. The characteristics of basal cistern effacement,
including prognosis, have never been reported, whereas several
studies of acute head injury have indicated that basal cistern
effacement on CT predicts an unfavorable prognosis.1,2

Pseudoesubarachnoid hemorrhage (SAH) and SAH appear similar
on CT images in the absence of blood in the subarachnoid space,
which is evident in hypoxic brain injury, meningoencephalitis, or
intracerebral mass lesions, with frequent unfavorable outcomes.3-5

Several patients with CSDH and pseudo-SAH in the Sylvian cistern
on CT have been described,6-13 but neither the characteristics nor the
mechanisms of pseudo-SAH have been analyzed. In this study, we
clarified the characteristics of basal cistern effacement in patients
with CSDH, including frequency, clinical predictors, and outcomes.
We then evaluated the CT imaging features of pseudo-SAH among
patients with basal cistern effacement and discuss its mechanisms.
MATERIALS AND METHODS

Patient Population
The Review Board for Clinical Research of Tokai University
Hospital approved this retrospective study (Approval No.
RBC: Red blood cell
SAH: Subarachnoid hemorrhage
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13R-069). We retrospectively assessed data from 669 consecutive
patients (mean age � SD 74.0 � 12.7 years; 473 [70.7%] men and
196 [29.3%] women) in whom CSDHs were diagnosed and treated
between January 2006 and May 2019 at our hospital. Patients who
underwent surgery for CSDH were included. Patients who were
treated conservatively, were <20 years of age, or had undergone a
second surgery for recurrent CSDH were excluded. All patients
were evaluated by neurosurgeons.

Clinical Evaluation
We extracted the following information about the patients from
reviews of clinical charts: age; sex; extant comorbidities, including
cerebrospinal fluid (CSF) leak, dementia, malignancy, and liver
disease; use of anticoagulant or antiplatelet agents; daily alcohol
consumption; hematoma laterality; history of apparent trauma �3
weeks earlier or �7 days before admission; (Glasgow Coma Scale)
score on admission; surgical complications; modified Rankin Scale
(mRS) score at discharge; and recurrent CSDH requiring surgery.
GlasgowComa Scale scores�12 and�8were regarded as indicating
mildly and extremely disturbed consciousness, respectively.14

Clinical outcomes were assessed using mRS scores at discharge,
with good outcomes being defined as mRS score 0. We
investigated the laboratory parameters of red blood cell (RBC)
count, platelet count, activated partial thromboplastin time, and
prothrombin time/international normalized ratio. Surgery for
CSDH was generally burr hole craniotomy under local anesthesia.

Image Acquisition and Imaging Analysis and Interpretation
We acquired CT images using a Brilliance 40-slice CT system
(Philips Medical Systems, Best, The Netherlands) or a SOMATOM
Definition AS 128-slice CT system (Siemens Healthcare, Erlangen,
Germany). Noncontrast head images were acquired from the skull
base to the vertex, with 5-mm axial reformats parallel to the
orbitomeatal line. The imaging parameters were 120 kVp, 350 or
360 mA, and 0.5 or 1 second/rotation. The status of the basal and
Sylvian cisterns, distance of midline shift, presence of bilateral
CSDH, and subdural hematoma thickness on CT images at the
level of the Sylvian cistern were analyzed. The appearance of the
basal cistern was defined as patent or effaced. When the basal
cistern was effaced, the Sylvian cistern was then assessed. Based
on the appearance of the Sylvian cistern, basal cistern effacement
was classified as effacement with pseudo-SAH (Figure 1A),
effacement without pseudo-SAH (Figure 1B), or patent
(Figure 1C). Maximum densities were measured on regions of
interest of an effaced Sylvian cistern (Figure 1A, dotted circle)
and of the brain adjacent to it (Figure 1A, circle) on CT slices.
The window was the same in all studies (approximate width,
100/window level 40). Two board-certified neurosurgeons (H.A.
and T.S.) with >20 years of experience in their specialties evalu-
ated the CT images. The thickness of the subdural hematoma was
measured on CT slices at the level of the Sylvian cistern (Figure 1B
and C, double arrows). Magnetic resonance imaging (MRI) and/or
CT angiography axial images of basal cistern effacement were also
evaluated if available.

Statistical Analysis
Categorical variables were assessed using c2 or Fisher exact
probability tests, and continuous variables were analyzed using
e110 www.SCIENCEDIRECT.com WORLD NE
Student t tests or Mann-Whitney U tests. Significant predictors
were identified using univariate analyses that included these var-
iables. Multiple comparisons were corrected using the Holm
method. Variables that were significant at the < 0.05 level in
univariate analyses were included in multivariate logistic regres-
sion models and reduced by successive removal of the least sig-
nificant variables from the model. Values of < 0.05 were
considered significant. All data were statistically analyzed using
JMP 10 software (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS

Basal Cistern Effacement
CT images demonstrated basal cistern effacement in 24 patients.
Table 1 shows comparisons of clinical factors between patients
with and without basal cistern effacement. Multivariate analysis
selected younger age, bilateral hematomas, and CSF leak as
predictors. Three patients with basal cistern effacement
developed surgical complications, which were more frequent
than in patients without basal cistern effacement (P < 0.05).
One patient with CSF leak developed bilateral posterior cerebral
artery infarcts on postoperative day 4. Two patients without CSF
leaks developed acute subdural hematoma immediately after
surgery and on postoperative day 2, respectively. Both patients
were treated by emergency craniotomy surgery and completely
recovered.

Pseudo-SAH
Of the 24 patients with basal cistern effacement, 5 had Sylvian
cistern patency, and 19 had Sylvian cistern effacement. Of the 19
patients with Sylvian cistern effacement, pseudo-SAH was found
in 12 (Figure 1A and B). Patients with a patent Sylvian cistern did
not demonstrate pseudo-SAH because the density in the Sylvian
cistern was low (Figure 1C). Table 2 shows comparisons of clinical
factors between 12 and 7 patients with and without pseudo-SAH,
respectively, among 19 patients with basal and Sylvian cistern
effacement. Monovariate analyses selected younger age, low mean
hematoma thickness at the Sylvian cistern level on CT slices, CSF
leak, less frequent dementia, high RBC count, and high serum
albumin (P < 0.05). The maximal density adjacent to the Sylvian
cistern on CT images was significantly lower in patients with
pseudo-SAH, although the density of the Sylvian cistern itself was
similar. All 6 patients with basal cistern effacement and CSF leak
had pseudo-SAH. However, outcomes, including mRS score at
discharge, occurrence of surgical complications, and recurrence,
did not significantly differ.
Seven and 3 patients with pseudo-SAH were assessed by MRI

and CT angiography axial images, respectively. Both MRI and CT
angiography demonstrated that the M1 segments of the middle
cerebral artery (MCA) corresponded to areas of high density on
precontrast CT images of these patients (Figure 1D and E). In 24
patients with basal cistern effacement, mean bilateral subdural
hematoma thickness on CT images at the level of the Sylvian
cistern was compared among patients with Sylvian cistern
effacement with and without pseudo-SAH and patients with a
patent Sylvian cistern (Figure 2). Mean � SD subdural hematoma
thickness in patients with pseudo-SAH, without pseudo-SAH, and
with a patent Sylvian cistern were 0.4 � 0.7 mm, 6.1 � 5.6 mm,
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.08.249
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Figure 1. Images of 3 types of chronic subdural hematoma with basal
cistern effacement. (A) Computed tomography (CT) image of
pseudoesubarachnoid hemorrhage (SAH) with high density in the Sylvian
cistern (arrow). Maximum densities are measured in regions of interest on
(dotted circle) and adjacent to (circle) the Sylvian cistern. Subdural
hematoma is not evident on the CT slice at the Sylvian cistern level. (B) CT
image of negative pseudo-SAH in chronic subdural hematoma with
effacement of the basal and Sylvian cisterns. Bilateral subdural hematomas

are demonstrated on a slice at the level of the Sylvian cistern (double
arrows). (C) CT image of Sylvian cistern patency. A slice at the level of the
Sylvian cistern shows the largest hematomas among 3 types of basal
cistern effacement (double arrows). (D) CT angiography axial image of
pseudo-SAH shows the M1 segment of the middle cerebral artery in
flattened Sylvian cisterns (arrows). (E) Magnetic resonance imaging fluid
attenuated inversion recovery sequence of pseudo-SAH shows linear low
intensities caused by flow void in M1 (arrows).
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and 11.3 � 4.1 mm. Multiple comparisons corrected using the
Holm method demonstrated that subdural hematoma thickness
significantly differed among the 3 types of basal cistern effacement
(P < 0.05).

DISCUSSION

Basal Cistern Effacement in CSDH
Predictors of basal cistern effacement were younger age, bilateral
hematomas, and CSF leak. The predictors seemed to be associated
with basal cistern effacement for the following reasons. Younger
WORLD NEUROSURGERY 132: e109-e115, DECEMBER 2019
patients tended to have a larger brain volume, which could more
easily cause obliteration of the basal cistern. Both bilateral CSDH
and CSF leak cause a caudal shift of the brain, which results in
obliteration of the basal cistern. Postoperative complications that
might have been related to caudal displacement of the brain
occurred more frequently in patients with basal cistern effacement
than in other patients. Therefore, postoperative causes of basal
cistern effacement should be carefully assessed. The present study
found that outcomes at discharge did not differ between patients
with and without basal cistern effacement, in contrast to patients
with acute brain injury and basal cistern effacement.1,2
www.journals.elsevier.com/world-neurosurgery e111

www.journals.elsevier.com/world-neurosurgery


Table 1. Comparisons Between Patients with Chronic Subdural Hematoma Accompanied or Not by Basal Cistern Effacement on
Computed Tomography

Basal Cistern Effacement

Univariate Analysis, P

Multivariate Analysis

Yes (n [ 24) No (n [ 645) P OR (95% CI)

Age, years 62.6 � 18.7 74.4 � 12.2 <0.0001* 0.0086* 0.95 (0.93e0.99)

Male sex 14 (58.3%) 459 (71.2%) 0.1751

CT findings

Bilateral hematoma 21 (87.5%) 218 (33.8%) <0.0001* <0.0001* 11.9 (3.7e55.0)

Midline shift, mm 4.4 � 4.5 7.2 � 4.2 0.0014*

Previous status

CSF leak 7 (29.2%) 1 (0.2%) <0.0001* 0.0002* 41.5 (5.9e847.6)

Dementia 6 (25%) 70 (10.9%) 0.0323*

Malignancy 0 (0%) 61 (9.5%) 0.0966

Liver disease 2 (8.3%) 41 (6.4%) 0.6982

Alcohol consumption 10 (41.7%) 136 (21.2%) 0.0170*

Previous trauma �3 weeks 8 (33.3%) 336 (52.1%) 0.0710

Antiplatelet use 0 (0%) 118 (18.3%) 0.0087*

Anticoagulant use 1 (4.2%) 62 (9.6%) 0.3203

Interval from onset to admission, days 15.1�16.2 9.2�12.8 0.0352*

Status

GCS score �12 6 (25%) 76 (11.8%) 0.0525

GCS score �8 4 (16.7%) 32 (5.0%) 0.0347*

Headache 13 (54.2%) 159 (24.7%) 0.0012*

Pupillary abnormality 1 (4.2%) 11 (1.7%) 0.9346

Paresis 10 (41.5%) 494 (76.8%) 0.0004*

Outcome

Surgical complications 3 (12.5%) 20 (3.1%) 0.0448*

Good outcome 18 (75%) 449 (69.6%) 0.5724

Recurrence 7 (29.2%) 89 (13.8%) 0.0976

Values are reported as mean � SD or number (%).
OR, odds ratio; CI, confidence interval; CT, computed tomography; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale.
*Significant difference.
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Pseudo-SAH in CSDH
Among the patients with effaced basal and Sylvian cisterns, the
representative characteristics of pseudo-SAH were younger age,
CSF leak, and thin subdural hematoma on CT slices at the level of
the Sylvian cistern. Relationships between these characteristics
and other significantly different clinical factors between patients
with and without pseudo-SAH were suspected for the following
reasons. Younger patients usually have a relatively large brain
volume in the calvaria. Thus, if a hematoma compresses the brain,
the basal and Sylvian cisterns will tend to be obliterated in
younger, rather than in older, patients. Younger patients have
other relevant factors, such as more RBCs and less dementia.
Sylvian cistern densities were not different between patients with
e112 www.SCIENCEDIRECT.com WORLD NE
and without pseudo-SAH; therefore, a higher RBC count was
insufficient to cause hyperdensity in the M1 segment of the MCA
on CT. Half of the patients with pseudo-SAH in our series had
CSDH associated with CSF leaks. Pseudo-SAH in patients with
CSF leaks has been reported.6,15-17 Outcomes, including mRS
score at discharge and recurrence after discharge, significantly
differed between patients with an effaced basal cistern accompa-
nied or not by pseudo-SAH. In several patients with CSDH and
pseudo-SAH on CT, SAH has been misdiagnosed, and the patients
have undergone angiography9,13 and/or clipping of an unruptured
incidental aneurysm.12 Confirmation using MRI fluid attenuated
inversion recovery sequence and measuring Sylvian cistern
density on CT might help to prevent such misdiagnosis in
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.08.249

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.08.249


Table 2. Comparisons Between Patients with and without PseudoeSubarachnoid Hemorrhage on Computed Tomography of Patients
with Basal and Sylvian Cistern Effacement

Pseudo-SAH

Univariate Analysis, PYes (n [ 12) No (n [ 7)

Age, years 49.1 � 11.9 68.9 � 13.2 0.0037*

Male sex 9 (75%) 4 (57.1%) 0.3785

CT findings

Hematoma thickness on Sylvian cistern slice, mm 0.3 � 0.7 6.1 � 5.6 0.0024*

Maximum density of Sylvian fissure, HU 53.3 � 3.9 51.3 � 3.9 0.3054

Maximum density adjacent to Sylvian fissure, HU 42.7 � 2.4 48.6 � 4.0 0.0008*

Previous status

CSF leak 6 (50%) 0 (0%) 0.0341*

Dementia 0 (0%) 3 (42.9%) 0.0361*

Previous trauma �3 weeks 6 (50%) 1 (14.3%) 0.1441

Interval from onset to admission, days 21.6 � 15.9 13.8 � 18.3 0.3722

Status

GCS score �12 2 (16.7%) 2 (28.6%) 0.4750

Headache 9 (75%) 3 (42.9%) 0.1820

Paresis 2 (16.7%) 3 (42.9%) 0.2366

Blood tests

RBC count, � 104/mm3 472 � 33 393 � 39 0.0002*

Albumin, g/dL 4.3 � 0.3 3.8 � 0.5 0.0176*

Outcome

Surgical complications 1 (8.3%) 2 (28.6%) 0.2962

Good outcome 11 (91.7%) 5 (71.4%) 0.2962

Recurrence 4 (33.3%) 2 (28.6%) 0.7616

Values are reported as mean � SD or number (%).
SAH, subarachnoid hemorrhage; CT, computed tomography; HU, Hounsfield units; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; RBC, red blood cell.
*Significant difference.
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patients with CSDH and a Sylvian fissure with apparently high
density.5

Mechanisms of Pseudo-SAH in CSDH
Reported causes of pseudo-SAH in various diseases, including
hypoxic brain injury, meningoencephalitis, and mass lesions,
include decreased brain density surrounding the cistern3-5,18 and/
or an increase of subarachnoid space density5,18,19 associated with
subarachnoid space disappearance.6,9,11 In the present comparison
of densities on CT between basal and Sylvian cistern effacement
with and without pseudo-SAH, the density adjacent to the Sylvian
cistern was lower in patients with pseudo-SAH, whereas the Syl-
vian cistern density did not differ. Based on MRI and CT angi-
ography axial images, the appearance of pseudo-SAH was partly
due to high density in the M1 segment of the MCA.11

The occurrence of pseudo-SAH might be related to the thick-
ness of a subdural hematoma on CT slices at the level of the
WORLD NEUROSURGERY 132: e109-e115, DECEMBER 2019
Sylvian cistern. The anterior perforating substance located just
above M1 in the Sylvian cistern belongs to the paleocortex.
Because the paleocortex is thinner than the neocortex, white
matter dominates this area.20 When the brain was mainly
compressed by vertically located hematomas, caudal
displacement of the brain obliterated the Sylvian cistern, which
was surrounded by the white matter with relatively low density
(Figure 3A). Hematomas on CT slices at the level of the Sylvian
cistern were thinner in patients with hematomas restricted to
the vertex area. Caudally extending subdural hematomas
appeared thicker on CT slices at the level of the Sylvian cistern,
and the frontal and temporal lobes that were compressed by the
hematoma from the front and temporally moved in the
occipital-medial direction. Thereafter, cortical gray matter with
relative high density surrounded the Sylvian cistern because both
the orbitofrontal cortex in the frontal base and the temporal pole
cortex were displaced, which covered the Sylvian cistern
www.journals.elsevier.com/world-neurosurgery e113
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Figure 2. Relationships between types of basal cistern effacement and
mean thickness of bilateral hematomas on a computed tomography slice
at the level of the Sylvian cistern. Multiple comparisons using Holm
correction show that hematoma thickness significantly differs among 3
types of basal cistern effacement. *Significant difference (P < 0.05). SAH,
subarachnoid hemorrhage.

Figure 3. Mechanism of pseudoesubarachnoid
hemorrhage (SAH) in chronic subdural hematoma with
basal and Sylvian cistern effacement. (A) Coronal brain
schema of pseudo-SAH. Subdural hematoma is not
visible on a computed tomography (CT) slice at the
Sylvian cistern level (dotted line). Bilateral hematomas
restricted to the vertex displace the entire brain in the
caudal direction. Thereafter, the compressed and
obliterated cistern becomes surrounded by caudally
displaced white matter. On CT, the relatively high
density of the M1 segment of the middle cerebral
artery is enhanced by the relatively low density of the
surrounding white matter, which results in the
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(Figure 3B). The hematomas on CT slices at the level of the Sylvian
cistern were thickest among patients with an effaced basal cistern
and a patent Sylvian cistern. Caudal displacement of the brain
caused by pressure from a vertex hematoma was buffered by a
shift of liquescent hematoma blood into the caudal region. This
type of brain displacement would not be sufficient to obliterate
the Sylvian cistern.

Limitations
This study has limitations associated with the nature of the
retrospective design. Because CT imaging proceeded with 5-mm
thickness, when the basal and/or Sylvian cisterns were not
completely obliterated, they could appear to be effaced on CT
images. We defined mRS score 0 as a good outcome because most
patients with CSDH usually completely recovered after surgery.
When a patient had premorbid impairment with mRS score �1,
the effect of CSDH was overestimated.
CONCLUSIONS

Approximately 1 in 30 patients with CSDH showed basal cistern
effacement on CT, and half of the basal cistern effacement was
associated with pseudo-SAH. Characteristics associated with
basal cistern effacement and pseudo-SAH included younger
age, CSF leak, bilateral hematomas, and a thin hematoma on
appearance of high density in the Sylvian cistern,
termed pseudo-SAH. (B) Coronal brain schema of
nonepseudo-SAH. Subdural hematomas extend
caudally beyond the Sylvian cistern level (dotted line).
Frontal and temporal lobes that are compressed by the
hematoma from the vertex and the front have moved in
the occipital-medial direction, and cortical gray matter
of the orbitofrontal and temporal pole cortices surround
M1. The density of gray matter is relatively higher than
the density of white matter on the CT image.
Therefore, the high density of M1 becomes
inconspicuous, and pseudo-SAH does not appear.
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CT slices at the level of the Sylvian cistern. The main mecha-
nism of a pseudo-SAH was the relatively high density of the M1
segment of the MCA in an obliterated Sylvian cistern, which is
surrounded by white matter with relative low density, thus
resembling a true SAH. Although outcomes and recurrence
WORLD NEUROSURGERY 132: e109-e115, DECEMBER 2019
rates of patients with an effaced basal cistern were not worse
than those of any other patients assessed, more frequent
surgical complications among the patients with basal cistern
effacement required extremely vigilant postoperative
observation.
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