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an angiographic study

Abstract We studied the anatomic
relationship between arachnoid
granulations in the transverse sinus
and the termination of the vein of
Labbé in 57 consecutive angio-
grams. Patients with pathology in
intracranial venous structures or
with inadequate image quality of the
venous system were excluded.
Arachnoid granulations were found
in 12 of the 57 patients (21.1 %), al-
ways at the junction of the vein of
Labbé and the transverse sinus; the
vein of Labbé was present in 55 pa-
tients (96.5 % ), most often without
associated arachnoid granulations;
the latter, however, were not ob-
served in the absence of a vein of
Labbé. This study confirms the
close, constant anatomic relation-
ship between arachnoid granula-
tions in the transverse sinus and the
termination of the vein of Labbé.
This observation may help to differ-
entiate arachnoid granulations from
pathologic conditions involving the
transverse sinus such as dural sinus
thrombosis. The constant character
of this relationship suggests a devel-
opmental role of afferent veins in
the formation of arachnoid granula-
tions.

Key words Vein of Labbé -
Granulations, arachnoid -
Angiography

DIAGNOSTIC NEURORADIOLOGY

Anatomic relationship between arachnoid
granulations in the transverse sinus and
the termination of the vein of Labbé:
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Fig.1a—c Case 5. Digital subraction angiography, venous phases,
illustrating the criteria used to characterize an arachnoid granula-
tion (AG). This AG of the right transverse sinus (TS) (arrow) was
detected on three different projections as a stable intraluminal de-
fect visible throughout the venous phase. Both a vein of Labbé
(VL) (single arrowhead) and an inferior temporal vein (double ar-
rowheads) are seen to terminate in the AG. a,b Right carotid in-
jection, lateral and anteroposterior projections c¢ left carotid in-
jection, anteroposterior projection

Introduction

Fortuitous observations made during routine cerebral
angiograms suggest a frequent, close anatomic relation-
ship between arachnoid granulations (AG) in the trans-
verse sinus (TS) and the termination of the vein of
Labbé (VL). Studies based on CT and MRI and classical
anatomic investigations have previously reported a to-
pographic association, but have shown variations in the
frequency and degree of anatomic proximity [1-4]. Re-
cognition of AG in the TS may be challenging, in parti-
cular in patients investigated for suspected dural sinus
thrombosis. A topographic relationship between the
AG and the VL might be a useful diagnostic clue. The
present study was conceived in order to explore this
anatomic relationship using digital substraction angio-
graphy (DSA).

Methods

The cerebral angiograms of consecutive patients were studied. Pa-
tients presenting with pathology involving the intracranial venous
system, subarachnoid hemorrhage and no angiographically proven
aneurysm, or other intracranial hemorrhage were excluded, and
only patients with a TS clearly delineated on both sides were re-
corded. We found 57 diagnostic angiograms satisfying these crite-

Table 1 Characteristics of 12 individuals with an arachnoid gran-
ulation in the transverse sinus

Case Age (years), Side Vein of Labbé  Diagnosis
sex present
1 57, F Left Yes Atheroma
2 70, F Left Yes Atheroma
3 62, F Left Yes Aneurysm
4 64, F Left Yes Aneurysm
5 71,M Right Yes Atheroma
6 66, M Left Yes Atheroma
7 73, M Right Yes Atheroma
8 71,M Right Yes Atheroma
9 87, M Right Yes Atheroma
10 70,M Right Yes Aneurysm
11 51,M Right Yes Aneurysm
12 81, M Right Yes Atheroma

ria. They were of 18 females (31.6 % ), 39 males (68.4 % ), mean age
60.4 years (range 16-87 years). The angiograms were performed
for investigation of cervicocranial atheromatous disease (70.2%),
subarachnoid hemorrhage (24.6 %) and skull base tumors (nasal
angiofibroma, sphenoid wing meningioma) (5.3%). All were per-
formed according to a standard protocol. We defined AG as in-
traluminal defects visible throughout the venous phase on both
anteroposterior and lateral projections (Fig.1). Defects detect-
able in one plane only or not seen constantly during the whole
length of the venous phase were not recorded as AG. VL were also
sought and documented. When both an AG and a VL were ob-
served, particular attention was directed to their anatomic re-
lationship.

Results

The 57 patients satisfying the inclusion criteria were
considered free of dural sinus pathology. AG were
found in 12 (21.1%) (Table 1). All were exactly at the
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Fig.2a,b Cases 9, 11. DSA,
venous phase, lateral projec-
tions, showing examples of AG
in the TS. In a an inferior tem-
poral vein (double arrowheads)
joins the VL (single arrowhead)
as it terminates at the AG (ar-
row), while in b the VL and
several temporal and occipital
veins end separately in the AG

Fig.3 — DSA, venous phase, oblique projection, showing an AG
(arrow) in the distal superior sagittal sinus. Cortical veins (arrow-
head) may be seen entering the AG. This example suggests that
our observations concerning AG in the TS might be extapolated to
AG in other sites

termination of a VL at the TS (Figs.1 and 2). VL were
present in 93 % of the TS (4 not seen in 57 individuals),
most often without associated AG. AG were, however,
not observed in the absence of a VL. Patients with AG
(eight male, four female) were older than those without
(68.6 vs 60.5 yrs). No gender predominance for AG oc-
curence or any association with pathology condition was

observed. AG were found on the left in all four of the
female patients and on the right seven of eight males.
We saw no bilateral AG. In 11 of the 12 individuals with
AG, one or more temporal or occipital veins were seen
to join the VL as it emptied into the AG (5 cases) or to
terminate in the AG independently (6 cases). In the re-
maining case, inferior temporal veins were present but
their exact course could not be traced. In addition to the
12 AGin the TS, 3 AG were observed at other sites, two
in the posterior part of the superior sagittal sinus (Fig.3)
and one in the torcular region.

Discussion

Local filling defects observed incidentally during diag-
nostic imaging within TS of patients with no suspected
venous sinus disease are usually assumed to be AG.
Tokiguchi et al. [5] examined a typical filling defect ob-
served on contrast-enhanced CT and proved it histolo-
gically to be an AG. Several studies have since shown
that AG within the TS are not infrequent and should be
considered normal variants [2—4].

We took special care to overcome the absence of
anatomic correlation. Patients with visible anomalies of
the venous system, even if not directly related to the
dural sinuses, were excluded, as were those with pa-
thology potentially related to a dural sinus anomaly
(such as subarachnoid hemorrhage with no angio-
graphically demonstrated aneurysm, or intracranial he-
morrhage). Since hemodynamic artefacts may mimic an
AG within the TS [6], we chose strict criteria for AG:
they had to be visible on at least two projections and to
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Fig.4a,b Case 4. aDSA, ve-
nous phase, lateral projection,
showing the termination of a
VL (arrowhead) in an AG (ar-
row) (left side). b Diagram of
the relationship between the
VL and the AG. The ultra-
structural findings of Krisch [8]
are adapted to the particular
anatomic situation observed on
the angiogram. The AG is
formed by the protrusion of the
afferent vein perivascular
arachnoid layer into the lumen
of the sinus. The AG contains a
fluid space in continuity with
the subarachnoid space. DM
dura mater

be unchanged in size and shape during the whole length
of the venous phase.

The frequency with which AG are observed within a
TS is strongly dependent on technique. Frequencies de-
rived from anatomic investigations range from 8.4 % (32
of 380 specimens) [1] to 66 % (19 of 29) [3]. However,
this variation seems to be explained by differences in
size (3-24 mm in the first study and 1-8 mm in the sec-
ond). Imaging studies also depend on the modality used.
AG were observed in 13% of MRI and 24 % of CT re-
viewed by Leach et al. [3]. The frequencies of 0.3%
(CT) to 1% (MRI) reported by Roche and Warner [4]
seems to be an underestimate due to suboptimal tech-
nique. AG were found in 21.1 % of cases in our study,
using DSA. Although this is probably a slight under-
estimate because of our inclusion criteria, it correlates
well with the findings of Leach et al. [3]. Our patients
with AG seems to be slightly older than these without
(68.6 vs 60.5 yrs), and no AG were observed in patients
under 50 years of age. These findings are consistent with
the concept that, although they may be found in all age
groups [1, 3], AG enlarge with age [3, 7]. There was no
sex predominence, but left side predominence observed
by Browder et al. [1] (right: 13 %, left: 87 %) and Leach
et al. [3] (right: 43 %, left: 57 % in imaging studies; right:
29 %, left: 71 % in anatomic investigation) was found in
our female patients while the males exhibited a right
predominence.

The existence of a topographic relationship between
veins (mainly the VL) and AG within the TS was noted
in several previous studies [1, 3, 4]. Here again, the
technique greatly influences the frequency of this find-
ing. Of the 41 AG observed by Roche and Warner [4],

venous blood space
venous endothelium
arachnoid layer

H
O
[
]

arachnoid space

16 (39 %) showed a close relationship with a vein, but
vein could be traced into the AG in only four. Leach et
al. [3] observed AG to be directly adjacent to a vein
entry site in 62 % of cases on CT and 85% of cases on
MR. They also noted this relationship to be frequent in
their anatomical study (no percentage given). Browder
et al. [1] reported that AG were at the termination of
the VL at the TS in 21 of 23 cases (91 %). In our study,
AG within the TS were exactly at the termination of the
VL in all cases. These angiographic observations corre-
late well with the ultrastructural studies of Krisch [8],
who demonstrated that AG are formed where an affer-
ent vein penetrates the dura mater of the sinus by the
intraluminal protrusion of the venous perivascular lep-
tomeningeal layer (Fig.4). Our findings may therefore
probably be extrapolated to AG in other dural sinuses
(Fig.3).

Our angiographic observations may be important
from a diagnostic point of view, since the constant re-
lationship between AG in the TS and the VL may help
differentiating these normal variants from various dural
sinus diseases appearing as intraluminal filling defects.
In particular, where thrombosis of a TS is suspected, the
presence of a patent vein coursing toward the filling
defect should raise the possibility of an AG.
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