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Abstract
Introduction IdentiWcation of normal Wlling defects
within the intracranial dural sinuses reduces the erroneous
diagnosis of the presence of an intrasinus pathologic pro-
cess. The aim of this prospective study was to assess the
prevalence, distribution, and morphological characteristics
of arachnoid granulations (AGs) in the dural sinuses.
Methods This prospective study was carried out on 110
patients who had both normal conventional brain MRI and
contrast-enhanced (CE) 3D turbo Xash magnetic resonance
venography (MRV). The dural sinuses were viewed on
MRV images for the presence of Wlling defects. The preva-
lence, site, size, number, shape, outlines, internal structure,
and presence of associated cortical vein were determined.
Results One hundred and twenty-six AGs were observed
among 71 patients. The superior sagittal sinus was the most
common site of Wlling defects (58 AGs). The mean size of
AGs was 6.45 § 3.55 mm. Eighty-three percent of AGs
were round or oval, with sharp outlines and homogeneous
internal structure; of these 81% were associated with corti-
cal vein.
Conclusions In the majority of cases, the identiWcation of
AGs can be facilitated by their characteristic appearances:
rounded or oval shaped, well-deWned outlines and homoge-
nous intensity. The presence of an adjacent cortical vein
can be considered as an additional supportive element.

Keywords Pacchionian granulations · Arachnoid 
granulations · Dural sinuses · MRV · Cerebral blood vessels

Introduction

Magnetic resonance venography (MRV) had become a
widely used technique in the routine investigation of the
integrity of the intracranial venous system. Several tech-
niques have been applied for this purpose such as time-of-
Xight (TOF), phase contrast (PC), magnetization prepared
rapid acquisition gradient–echo sequence (MP-RAGE),
auto-triggered elliptic centric-ordered sequence (ATECO),
and recently, the ultrafast contrast-enhanced (CE) 3D gradi-
ent–echo sequences.

The presence of Wlling defects within the cerebral dural
sinuses on MRV images does not always correlate with a
pathological process; the apparent defects could be related
to technical artifacts induced by Xow velocity, and in-
plane saturation, which commonly are encountered with
TOF and PC techniques [12, 17, 18, 22], or to the presence
of normal structures such as protrusions of arachnoid gran-
ulations (AGs) into dural sinuses, and the presence of
Wbrous bands or septa within the sinuses. Dural sinus
thrombosis and intrasinus tumors are the usual causes of
pathological Wlling defects. Intrasinus tumors can be iden-
tiWed by their characteristic patterns on either CE brain CT
scan or on conventional brain MRI. However, diagnosis of
dural sinus thrombosis is not always straightforward and
without diYculty. In addition, hypoplasia or aplasia of the
dural sinuses can cause an apparent sinus defect on MRV.
The presence of AGs can also produce Wlling defects that
may mimic thrombosis and could be responsible for diag-
nostic confusion [3, 11, 12, 15, 19, 23], sometimes repre-
sents a diagnostic challenge even for experienced
radiologists. There are a few reports in the literature
addressing the MRV appearances of AGs and most were
case reports. The objectives of this prospective study were
to identify the prevalence and distribution of AGs, and to
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determine the morphological criteria that can characterize
these normal structures.

Materials and methods

Patients

Our prospective study was performed on 110 patients (49
males, 61 females; age range 2 months–76 years; mean age
27 years). The study group was restricted to patients who
had normal brain MRI and MRV examinations. Patients
with a previous history or Wndings suggestive of dural sinus
thrombosis, brain tumor or arterio-venous malformation
were excluded.

Imaging examinations

The study was performed with a clinical 1.5 Tesla system
(Superconducting Magnetom Vision Plus, Siemens,
Germany) using the standard circular polarized head coil.
The imaging protocol included T1 and T2 weighted axial
spin–echo imaging and Xuid attenuation inversion recovery
sequences acquired in the coronal plane, and CE 3D turbo-
Xash MRV acquired in the sagittal plane. The imaging
parameters for CE 3D turbo-Xash MRV were: TR/TE of
4.6/1.8 ms, 25° Xip angle, slab thickness of 130 mm, 1
excitation, 125 £ 256 matrix, 26 cm Weld of view, and the
delay time between bolus injection of gadopentate dimeglu-
mine (GD) and data acquisition was 20 s. Two acquisitions
of 20 s each were obtained, thus the total examination time
was 60 s. A dose of 0.1 mmol/kg of GD was injected auto-
matically at a rate of 2 ml/s.

Image analysis

All of the MR angiograms were displayed using the maxi-
mum intensity projection (MIP) algorithm. Multiplanar
reconstructed images were obtained in the transverse and sag-
ittal planes. MR images were reviewed by two experienced
radiologists working in consensus. We classiWed our patients
into four groups according to age: Group I (<1 month–
15 years), group II (16–45 years), group III (46–60 years),
and group IV (>60 years). As there was no gold standard for
conWrming the nature of the studied intrasinus Wlling defects;
the reported criteria by Leach et al. [15] for AGs were consid-
ered well-deWned, hypointense or isointense on T1-hyperin-
tense on T2-weighted sequences, and more than 50% of their
circumference was surrounded by contrast material on CE
images. The MIP images of dural sinuses were viewed for the
prevalence, distribution, and morphology of presumed AGs in
terms of site, size, number, shape, outlines, internal intensity,
and presence of adjacent cortical vein.

Statistical analysis

For statistical analysis we used Chi-square test, T test, and
Anova test. Chi-square test was used to determine the prev-
alence of AGs in male and female patients, their distribu-
tion in each age group, and the relationship between their
shape and the patient’s age. T test was used to determine
the number, size, and standard deviations of AGs in both
sexes for each age group. Anova test was used to determine
the diVerences in the size of AGs according to their shape
and location.

Results

Filling defects were identiWed in 71 of 110 patients in this
study. There were 31 male patients (age range 3–70 years,
mean age 26 years) with 57 AGs, and 40 female patients
(age range 2.5 months–76 years, mean age 34 years) with
69 AGs, for a total of 126 AGs identiWed among these
patients. The prevalence, frequency per person, and mean
size of AGs according to age group are demonstrated in
Table 1, and their distribution in Table 2. There were 30
patients (13 males and 17 females), who had more than one
AG (P = 0.96). There was no signiWcant diVerence between
male and female patients regarding AGs prevalence. The
average numbers of AGs in male and female patients were
1.84 § 1.26, and 1.70 § 1.09, respectively irrespective of
age group (P = 0.69). The maximum number of AGs in one
person was six, and found in two patients. The Wrst one was

Table 1 Number, frequency/person, and mean size of AG according
to age group

M male, F female, Pr probability

Group Number of 
patients

Number 
of AG

Frequency/
person

Mean 
size (mm)

Pr

I

M 12 21 1.6 6.29 § 2.97 0.24

F 9 14 1.7 5.20 § 1.98

II

M 12 23 1.9 8.0 § 3.00 0.00

F 20 33 1.6 5.00 § 2.41

III

M 6 11 2 10.64 § 3.11 0.76

F 5 6 1.2 9.80 § 5.55

IV

M 1 3 3 4.00 § 1.00 0.17

F 6 15 2.5 5.53 § 3.50

All groups

M 31 57 1.8 7.32 § 3.86 0.01

F 40 69 1.7 5.74 § 3.05
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a male aged 14 years old: there were Wve AGs in the supe-
rior sagittal sinus (SSS) and one in the straight sinus
(Fig. 1). The second patient was a female aged 75 years
old: there were four AGs in the SSS, one in the straight
sinus, and one in the left transverse sinus. The mean size of
AG for both sexes was 6.45 § 3.55 mm stratiWed, the mean
was 7.32 § 3.86 mm for male patients and 5.74 § 3.05 mm
for females (P < 0.01). The largest AG was found in an
adult 50-year-old male patient, which measured 19 mm and
was located at the middle portion of the SSS. There was
highly signiWcant diVerence between the size of AGs
located within the SSS and those within other dural sinuses
(P = 0). The mean size of the AG at the SSS was 8.72 §

3.55 mm, at the right transverse sinus 5.19 § 2.19 mm, at
the left transverse sinus 4.67 § 1.91 mm, and at the straight
sinus was 3.79 § 1.65 mm.

The most common site for AGs was at SSS, it was the
site of 58 AGs (46%), followed by straight sinus (23%), left
transverse sinus (14.3%), right transverse sinus (12.7%),
right sigmoid sinus (2.4%), left sigmoid sinus (0.8%), and
torcula herophili (0.8%). Seventy nine percent of AGs
(46 AGs) in the SSS were located at its middle portion,
14% at its posterior portion, and 7% at its anterior portion.
Seventy eight percent of AGs in the straight sinus were
located at its junction with the vein of Galen (Fig. 2) and
22% at its posterior portion. For the right transverse sinus,
AGs were located at the lateral, middle, and medial portion
in 82, 12, and 6%, respectively. For the left side, these val-
ues were 72, 11, and 17, respectively.

There was a highly signiWcant relationship between the
patient’s age and the shape of AGs (P < 0.008). The mor-
phological characteristics of AGs for each age group are
shown in Table 3. Ninety-three percent of AGs were round
or oval, 89% showed well-deWned regular outlines, and
94% were homogenous, either hypointense (58%) or of
intermediate intensity (36%). These characteristics were
present all together in 104 AGs; of these, 84 AGs (81%)
were associated with a cortical vein either adjacent to it
(72%) or within its center (9%) (Fig. 3). Ninety-four (75%)
out of 126 AGs, were associated with a vein; there were 44
round, 42 oval, and 8 lobulated AGs. The vein was present
in the center of rounded AGs in 11%, and at its periphery in
89%. In oval shaped and lobulated AGs, these values were
14, 86, 75, and 25%, respectively. There was also a signiW-
cant relationship between the size and shape of AGs
(P = 0). The mean size of rounded, oval shaped, and lobu-
lated AGs were 4.38 § 2.25 mm, 8.09 § 3.36 mm, and
10.56 § 2.69 mm, respectively. Four percent of AGs
showed irregular outlines and exhibited heterogeneous
internal intensity.

Table 2 Distribution of 126 AGs in the cerebral dural sinuses accord-
ing to age group

Sinus Number of AGs

Group 
I

Group 
II

Group 
III

Group 
IV

All groups

n %

Superior sagittal sinus 13 28 9 8 58 46

Straight sinus 11 13 – 5 29 23

Right transverse sinus 5 5 3 3 16 12.7

Left transverse sinus 4 9 3 2 18 14.3

Right sigmoid sinus 2 1 – – 3 2.4

Left sigmoid sinus – – 1 – 1 0.8

Torcula Herophili – – 1 – 1 0.8

All dural sinuses (P = 0.20)

n 35 56 17 18 126 100

% 28 45 13 14 100

Fig. 1 Sagittal oblique MIP image in a 34-year-old male patient
shows multiple AGs in the mid portion of SSS (arrowheads). Note a
giant lobulated AG measuring 14 mm, and centered by the vein of
Trolard (arrow)

Fig. 2 Sagittal MIP image in a 75-year-old female patient shows the
presence of rounded, well-deWned AG at the junction of the straight
sinus and the vein of Galen, measuring 4 mm (arrow)
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Discussion

Contrast-enhanced 3D turbo Xash MRV is a fast low-angle
shot sequence that uses asymmetrical echo encoding in the
readout direction, such that the number of phase-encoding
steps can be reduced by means of asymmetric sampling.
This technique permits a short imaging time and therefore,
results in a reduction of motion artifacts [20]. Gadolinium
chelate reduces the spin saturation, and the signal intensity
generated by this technique is based on the maximal short-
ening of T1 of the blood irrespective of Xow pattern. AGs
consist of protrusions of arachnoid mater into the dural
sinuses or lacunae lateralis. First described by the Italian
scientist Antonio Pacchioni (1705) [2], these protrusions
represent distended arachnoid villi [19] that were thought to
result from increased cerebrospinal Xuid pressure [10, 19].
Fox et al. [8] described the presence of extensive networks
of intradural channels that either were connected to the SSS
or drained directly into the lacunae lateralis; the AGs were
found interdigitated between these networks. The authors
suggested that these channels may represent a pathway for
the Xow of cerebrospinal Xuid from AGs to the SSS.

DiVerentiation of AGs from dural sinus thrombosis per-
mits avoiding unnecessary, and risky thrombolytic therapy.
Thrombosis usually produces Wlling defect within an entire
segment of a sinus or multiple sinuses, and can extend into
cortical veins, while AGs produce focal, well-deWned
defects [3, 15]. In addition, AGs are isointense to CSF [3,
13, 23], and never T1-hyperintense [15]. The signal inten-
sity of thrombus varies according to its age and pulse
sequence. Acute thrombus is isointense on T1-weighted
images and hypointense on T2-weighted images due to the
presence of deoxyhaemoglobin in intact red blood cells.
Subacute thrombus is hyperintense on T1 and T2 weighted
images due to the presence of extracellular methaemoglo-
bin [5], and chronic thrombus is characterized by isointen-
sity on T1- and hyperintensity on T2-weighted images [7].

The prevalence of AGs in the literature varies between
0.3 [23] and 90% [9].

This variation is due mostly to the techniques employed
and to the size of the Wlling defect. In one study [15], AGs
were present in 24% of 573 contrast-enhanced CT scans and
in 13% of 100 brain MRI, and in another study [11], AGs
were present in 10% of 1118 of non-contrast-enhanced
brain MRI. Gailloud et al. [9] found that AGs were present
in 21% of 51 patients on conventional cerebral angiogram.
There have been only a limited number of studies in the lit-
erature describing the prevalence and imaging appearance
of AGs. In a relatively recent study performed by Liang
et al. [16] using 3D contrast-enhanced MP-RAGE, the fre-
quency of AGs was 90%, while we observed 71% in our
patients, which correlates with autopsy results reported by
Leach et al. [15] where AGs were present in 66% of cadav-
eric specimens. Our results demonstrated that the preva-
lence of AGs in patients was highest up to the age of
45 years (76%) versus those older (34%). As a group, there
was no diVerence in the mean age between patients with and
those without AGs (30 years). Gailloud et al. [9] found that
patients with AGs were older than those without (68.6 vs.
60.5 years), and the same observation was found in another
study [15] where the mean ages were 46 and 40 years,
respectively. It is obvious that our study patients were youn-
ger than those in the previous studies, and the diVerence in
mean ages is mostly related to diVerent population groups.

We found that the size of AG increases with age, which
was in agreement with most other studies [9, 15, 23]. The
mean size of AGs in our study was 6 mm for patients aged
less than 45 years, and 8 mm for older patients. Mamourian
and TowWghi [19] reported two cases of giant AGs that
caused focal expansion, which measured 15 and 12 mm and
were located in the caudal portion of the SSS. This Wnding
also corresponded to the location of three giant AGs mea-
suring 19, 17, and 16 mm, in our patients. We did not
observe a sex predominance for AG prevalence, which

Table 3 Morphological charac-
teristics of AGs in diVerent age 
groups

Morphology Group I
n = 35 AGs

Group II
n = 56 AGs

Group III
n = 17 AGs

Group IV
n = 18 AGs

All groups
n = 126 AGs

Pr

Shape 0.008

Oval 16 45.7% 21 37.5% 12 70.6% 6 33.3% 55 43.7%

Round 18 51.4% 30 53.6% 2 11.8% 12 66.7% 62 49.2%

Lobulated 1 2.9% 5 8.9% 3 17.6% – – 9 7.1%

Outlines 0.07

Regular 30 85.7% 51 91.1% 13 76.5% 18 100% 112 88.9%

Irregular 5 14.3% 5 8.9% 4 23.5% – – 14 11.1%

Internal intensity 0.17

Homogenous 33 94.3% 53 94.6% 14 82.4% 18 100% 118 93.7%

Heterogenous 2 5.7% 3 5.4% 3 17.6% – – 8 6.3%

Associated vein 25 71.4% 44 78.6% 13 76.5% 12 66.7% 94 74.6% 0.74
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coincided with previous observations [7, 15, 16]. In addi-
tion, there was no correlation between age and number of
AGs, an identical Wnding from the study of Koshikawa
et al. [13]. The maximum number of AGs found in one per-
son was six; four of which were along the sides of the mid-
dle portion of SSS, although the maximum number of AGs
at the SSS in one person was Wve. This observation sup-
ports the suggestion that AGs mostly are found clustering
in parasinusoidal blood lakes alongside the SSS [23].
Krisch [14] found that the perivascular arachnoid cells can
be transformed into neurothelial cells and the leptomenin-
geal protrusions may expand and branch repeatedly, form-
ing the AGs along the wall of the dural sinus.

Our study showed that 52% of AGs were round, 41%
oval, and 7% lobulated. Several anatomical studies have
conWrmed the presence of elastic collagen bundles within
the AGs [1, 4, 6, 28]. These bundles are circular and alter
their shape with the development stage of the granulation,
suggesting that simple granulations are present at an early
phase of development while the lobulated granulations rep-
resent a later phase [4, 6]. Several anatomical studies [4, 6,
26, 27] demonstrated that AGs are surrounded by a capsule
of connective tissue. This could explain why AGs demon-
strated well-deWned regular outlines when measured using
diVerent imaging modalities [13, 23]. We observed a simi-
lar presentation in 89% of AGs in our study group. We
believe that the intermediate signal intensity noted in one
third of AGs in our patients is probably explained by partial
volume eVect on the MIP reconstructions. Four percent of
Wlling defects in the present study, showed both well-deW-
ned irregular outlines and heterogeneous internal intensity.
We think that this pattern may represent atypical morphol-
ogy of AGs, and this suggestion could be supported by the
anatomical study of Leach et al. [15], where they found that
some AGs were irregular and contained an admixture of
both dense and loose connective tissue within the core.
However, this imaging pattern can be easily misdiagnosed
as focal thrombus particularly 50% of patients with cerebral
venous thrombosis have no parenchymal changes on con-
ventional brain MRI [21, 24]. We think that the use of T2*

(susceptibility) sequence which was not a part of our rou-
tine protocol, is much helpful in such situation. With this
sequence, the venous thrombus appears hypointense and
this is related to the magnetic susceptibility of hemoglobin
degradation products within the thrombosed sinus [25], and
this was shown in one of our patients (not included in our
study group) with proved extensive dural sinus thrombosis.

The existence of an association of cortical vein to AG is a
common but not consistent Wnding. Seventy Wve percent of
AGs in our patients were associated with cortical vein.
Krisch [14] described the AGs in his anatomical study as
perivascular protrusions of the leptomeninges. Our results
demonstrated a relationship between the size of the AG, and

Fig. 3 a Sagittal oblique MIP image in a 60-year-old male patient
shows an oval shaped, well-circumscribed AG in the anterior portion
of SSS, measuring 10 mm, and causing focal expansion (arrow). Note
the presence of adjacent cortical vein, and the absence of dilated col-
lateral veins. b Coronal MIP Images in a 19-year-old female patient
shows rounded, well-deWned AG at the junction of the left transverse
and sigmoid sinuses, measuring 4 mm. Note the presence of the vein of
Labbé adjacent to AG (arrow). c Coronal MIP image in a 35-year-old
female patient shows oval shaped, well-deWned AG at the junction of
the right transverse and sigmoid sinuses, measuring 12 mm, with cen-
tral projection of the vein of Labbé (arrow)
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the position of the associated vein that was found at the
periphery of small AGs (mean size 5 mm), and in the center
of large AGs (mean size 9.8 mm). This observation corre-
lates with the anatomical descriptions of AGs as perivascu-
lar protrusions of leptomeninges, which may become
enlarged and change shape according to development stage
[4, 6]. Accordingly, the presence of a central vein within the
AG can be explained by the enlargement of the AG so that
the vein which was adjacent to it at an early stage of devel-
opment becomes projected in its center after its expansion at
a late stage. This hypothesis is supported by our data where
75% of lobulated, 14% of oval, and 11% of rounded AGs in
our study were associated with a central vein.

In conclusion, our Wndings regarding the morphological
criteria of AGs correlate well with the reported anatomical
and histological descriptions. Eighty-three percent of AGs
were round or oval with well-deWned regular outlines and
homogenous internal structure. These characteristic appear-
ances allow diVerentiation between normal Wlling defects
and intrasinus pathological processes. The presence of a
cortical vein adjacent to the AG or within its center is an
additional important supportive element. The main limita-
tion of this study was that 4% of Wlling defects showed both
irregular outlines and heterogeneous internal intensity,
were supposed to be AGs on the basis of normal conven-
tional brain MRI and absence of collateral circulation. This
pattern of AGs deserves further assessment and comparison
with deWnitively diagnosed focal dural sinus thrombosis.
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