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Abstract Leptomeningeal venous drainage of cranial
dural arteriovenous fistulae is the most important deter-
minant of adverse clinical course. Factors that predis-
pose to its occurrence have not been adequately ad-
dressed in the literature. In the present study, we inves-
tigated the relation of shunt location to the development
of leptomeningeal venous drainage, with regard to the
bridging veins. Angiographic data of 211 consecutive
patients with cranial dural arteriovenous fistulae treated
over 19 years were analyzed. Dural shunts with
leptomeningeal venous drainage were found in 107 pa-
tients; of these, 71 patients had pure leptomeningeal
venous drainage (Borden type 3). The angioarchitecture
of the shunt, including pattern of arterial feeders, rela-
tion with the bridging veins, primary venous drainage,
and venous outflow restrictions were recorded. After
analysis of the 71 Borden type 3 shunts with exclusive
leptomeningeal venous drainage, three patterns emerged.
The commonest was the fistula engaging a bridging
vein that had lost its connection to the parent sinus into
which it previously drained; it was characterized by an
arterial network of feeders converging onto the wall of
a bridging vein, with leptomeningeal venous reflux. The
other patterns were those of “isolated” sinus segment
characterized by arterial feeders converging on to the
wall of the dural sinus with leptomeningeal venous
reflux following the opacification of the sinus and fis-
tulaec in the vicinity of the cribriform plate with two
subtypes. The main angioarchitectural features of the 36
Borden type 2 shunts with mixed sinusal-cortical venous
drainage were the presence of a diffuse arterial network
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of vessels converging onto a site in the wall of the
dural sinus, with leptomeningeal venous reflux follow-
ing the opacification of the sinus. In this group, four
exceptions were noticed with arterial feeders converging
onto a bridging vein and having a mixed venous drain-
age to the cortical venous system and the sinuses. We
concluded that the exact location of the shunt with
regard to the bridging veins is a key factor in the
development of leptomeningeal venous drainage. Cranial
dural arteriovenous fistulaec (CDAVFs) of either Borden
type 2 or 3 do not constitute a homogeneous group. The
great majority of these shunts present thrombotic
phenomena.
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Introduction

Cranial dural arteriovenous fistulae (CDAVFs) are le-
sions located within the dura matter of the skull com-
monly near the dural sinuses. Among the described
varieties, fistulac with leptomeningeal venous drainage
(LVD) carry the highest risk of aggressive clinical pre-
sentation [1, 16, 18, 5, 10, 21]. These lesions are
currently described as type 2 and 3 by Borden et al.[4]
and type Ilb, Ila+b, III, IV, and V by Cognard et al.[8].
Although they share the common feature of LVD, they
may drain either into both a sinus and a leptomeningeal
vein or only into the leptomeningeal venous system.
However, the question of what determines the venous
drainage of a CDAVF has not been sufficiently ad-
dressed. The development of LVD has often been asso-
ciated with venous outflow restrictions (VOR) due to
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partial or complete thrombosis or stenosis of the in-
volved venous sinus, high flow shunt, and the location
of the lesion in relation to the cranial epidural spaces.
According to the consideration of the cranial epidural
spaces, lesions of the lateral epidural space had LVD in
100 % of the studied cases, whereas lesions of the
ventral and dorsal epidural spaces developed LVD in
the presence of associated VOR, usually thrombosis
[15, 7, 14]. However, cases of shunts of the dorsal or
ventral epidural space with CVD but without associated
outflow restriction have also been described [3, 15].
This study was designed to further investigate the influence
of exact shunt location on the development of LVD. In par-
ticular, we differentiated CDAVF primarily located in the wall
of a sinus from those located primarily in the wall of a
bridging vein (BV), which normally drains into the sinus [13].

Materials and methods

From a series of 211 consecutive patients with CDAVF treated
in the Department of Neuroradiology, University Hospital
Zurich, during the last 19 years, 107 patients for whom com-
plete angiograms were available and had lesions with LVD [2]
were analyzed. Mean age was 57 years and male/female ratio
71:36. Among them, 71 patients had dural arteriovenous
shunts with only LVD (Borden type 3 and Cognard type III,
IV, and V), whereas the remaining 36 patients had lesions with
venous drainage to both a sinus and LVD (Borden type 2
and Cognard type IIb and Ilab). Cases of pediatric and/or
congenital CDAVFs were excluded.

The angiographic images of all cases were analyzed, fo-
cusing on the exact location of the shunt and its relation to the
bridging or emissary veins (EV). For this purpose, morpho-
logic aspects of the shunt’s angioarchitecture, including its
pattern of network of arterial feeders, the relation of this
network and shunt site with the BVs, and the sequence of
contrasting vascular structures during selective and
superselective injections were recorded. The structure which
opacified first and with the highest contrast density was de-
fined as the primary drainage. Associated VOR as complete or
partial sinus and/or BV thrombosis or stenotic appearance
were also recorded.

Results

The common features of the group of 36 patients with Borden
type 2 lesions were the diffuse pattern of the feeding arterial
network and its convergence to a certain segment of the sinus
wall (sinus-based shunt). As a rule, the draining BVs varied in
distance from the shunt site, and the sinus was opacified prior
to the BVs (Fig. 1).
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Fig. 1 External carotid injection opacifying a sinus-based dural shunt of
the distal sigmoid sinus, with venous drainage to the ipsilateral jugular
bulb, the posterior condular vein and retrograde to the proximal sigmoid
and distal transverse sinus, and through a temporal BV to the cortical
venous system. The shunt site is clearly distinct from the site of
leptomeningeal venous reflux

There were four exceptions. The first was a shunt next to
the superior sagittal sinus (SSS) with the sinus faintly
opacified and almost simultaneously with a parietal BV. The
feeders were converging rather to the parietal BV than to the
wall of the sinus. The second and third exceptions were shunts
at the ostium of a temporal BV next to the transverse sinus in
which faint opacification of the sinus after the BV was clearly
evident after selective (in one shunt) or superselective (in the
other) injection of the external carotid and the distal middle
meningeal feeder, respectively (Fig. 2). The fourth exception
was a shunt with feeders converging to the superior petrosal
vein, with primary drainage to the BV and secondary drainage
into the superior petrosal sinus and through the cavernous
sinus to the inferior petrosal sinus.

Complete sinus thrombosis combined with
stenothrombotic appearance of the patent segment of the
sinuses was found in 15 (41.5 %) patients, whereas a
stenothrombotic appearance without occlusion was recorded
in another 15 patients (41.5 %). In total, 83 % of lesions of this
group presented thrombotic phenomena detectable in angiog-
raphy. Of the remaining six cases, four showed evidence of an
extensive and high flow shunt. In one case, an anatomic, non-
thrombotic disconnection of the transverse sinus from the
torcular was noted.

The 71 cases with exclusive LVD fell into three groups of
lesions: One group consisted of lesions with sinus-based
shunts, a second group consisted of BV-based shunts, and
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Fig. 2 a Selective external carotid injection of a temporal bridging vein-
based dural shunt. The middle meningeal feeders converge to the BV and
the shunt drains primarily into the BV. b In the superselective injection, a
“leak” to the parent sinus demonstrated by the faint and slightly later
opacification of the distal transverse sinus is visible, presumably showing
that the BV exit to the sinus is not completely occluded

the last group was the so-called shunts of the anterior cranial
fossa.

The first group included 18 patients with a shunt located in
the sinus wall, secondarily presenting an LVD due to the
complete disconnection of that segment of the sinus from
the rest of the sinuses. We called the lesions of this group
“isolated sinus shunts” (ISS). Two types of disconnection
were found; the first type was associated with occlusion of

the sinus proximal and distal to the ostium of the BV, most
likely due to thrombosis (Fig. 3). The second type was due to
an occlusion of the distal segment of the sinus associated with
a preexisting proximal anatomical isolation of the sinus, re-
mote from the site of the lesion (Fig. 4). The networks of
feeders were converging on the sinus wall, the sinus was
opacified first, and the BV(s) was/were located at a varying
distance from the shunt site. The preferred sites of these shunts
were the transverse and sigmoid sinuses.

The second group included 44 cases with involvement of a
BV and exclusive drainage into the leptomeningeal venous
system. We called the lesions of this group “bridging vein
shunts” (BVS). The detailed analysis of the selective and
superselective angiographic images showed that the feeders
were converging to the BV and the adjacent sinus or plexus
was not primarily opacified (Fig. 5). The preferred site in this
group was the tentorium (28 lesions or 63.5 %), followed by
the parietal parasagittal BV shunts and the medullary BV
shunts. Among the tentorial lesions, 15 were petrosal BV
shunts.

Nine patients had a shunt at the anterior cranial fossa. Two
different subtypes were distinguished: The first subtype is
characterized by the convergence of the ethmoidal feeders to
a BV (normally emptying into the SSS) located above and
anteriorly to the level of the lamina cribriformis (Fig. 6). Three
shunts of our series belonged to this subtype, which for
descriptive reasons we called “ethmoidal BV shunts” but
otherwise are identical to the rest of BV shunts of the second
group. The second subtype is characterized by the conver-
gence of the ethmoidal feeders to a vein located at the level of

Fig. 3 An example of the isolated sinus shunt (ISS) variety of the sinus-
based shunts group, due to occlusion of the distal transverse (in this case)
sinus on either side of the arterialized segment
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Fig. 4 An example of the isolated sinus shunt (ISS) variety of the sinus-
based shunts group, due to occlusion of the distal sigmoid sinus at the
shunt site and anatomic disconnection of the ipsilateral transverse sinus
from the contralateral transverse and superior sagittal sinus at the level of
the torcular. The retrograde flow is conducted to the ipsilateral transverse
sinus and straight sinus as well as to the superficial cortical veins, which
drain secondarily to the SSS

the lamina cribriformis (Fig. 7). Four shunts of our series
belonged to this subtype, which we called “cribrosal dural
shunts” (CDS). In two cases, the quality of angiographic

Fig.5 An example of a bridging vein-based dural shunt, supplied by the
occipital and middle meningeal artery and located in a posterior parietal
BYV, which through superficial venous anastomoses, empties secondarily
to the straight sinus
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Fig. 6 An example of an ethmoidal bridging vein-based dural shunt,
supplied by the anterior ethmoidal artery. The superselective injection
shows the shunt site and the cortical draining vein, which are located
anteriorly and superiorly to the level of the lamina cribrosa. This vein
corresponds to a BV that normally would drain to the lowermost end of
the SSS

images did not permit a precise evaluation. All lesions emp-
tied secondarily either to the SSS and/or through an olfactory
vein to the basal vein.

Fig.7 Anexample of an ethmoidal cribrosal dural shunt, supplied by the
anterior ethmoidal artery. The superselective injection shows the shunt
site, which is located at the level of the lamina cribrosa. The draining vein,
through a venous tangle that most likely lies around the olfactory bulb,
empties to the olfactory (cortical) vein
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Discussion

The analysis of all our cases with LVD, based on
angioarchitectural characteristics, helped in distinguishing
features, beyond those described in the known classification
systems, which may explain the appearance of LVD. It also
defined groups of lesions such as BV shunts, so far not clearly
distinct. A BV shunt is defined as a shunt involving the dural
segment of the BV at the BV-sinus junction. Such a shunt will
have always a direct LVD, which by definition is a (thus
defined) primary retrograde LVD. How much long or short
the retrograde-flow course is depends entirely on the individ-
ual local venous anastomotic background. If near the involved
BV, an efficient collateral venous connection channels the
retrograde flow into a recipient of another BV, then the flow
will drain secondarily, in an anterograde fashion into a nearby
sinus. If no efficient collateralization is anatomically available,
then the retrograde-flow course to a favorable sinus-exit will
be longer. The pathomechanism of this shunt type is now
known. We do not know if in all cases the original lesion
was only located in the BV, and not in the sinus wall. Theo-
retically, some BV shunts could be the result of partial throm-
bosis of a previously more extensive sinus-based shunt. Partial
thrombosis of the sinus lumen in a sinus-based lesion can be a
self-treating process since the venous component of these
lesions is the key for their treatment. Such a thrombosis would
leave behind a more focal lesion with its own draining exit
(i.e., the BV), which keeps the shunt active. However, the fact
that among our cases, no shunt with mixed BV and sinus wall
location was found speaks against such a scenario.

This distinct entity of CDAVFs was previously de-
scribed as “extrasinusal” shunt [23]; later, focusing on
the medullary and petrosal shunts, Mitsuhashi et al.[22]
used the term “medulla bridging vein—draining fistula”
for the former, they noticed the exact shunt location on
the petrosal vein for the latter and highlighted their
similarities with spinal dural shunts. Nevertheless, the
literature so far is not clear that the BV shunts consti-
tute a distinct group of shunts, located on the BV itself
with the characteristics described above and being the
most important group among those with LVD.

The analysis of the cases classified as Borden type 2
lesions disclosed that almost all these shunts are located
in the wall of the sinus and not in the wall of a BV.
The four cases bearing characteristics of a BV shunt
with drainage through both the leptomeningeal venous
system and the sinuses [22] show that BV shunts only
rarely present a patent connection of the BV with the
corresponding sinus when they become symptomatic.
The analysis of the Borden type 3 lesions and the
identification of almost all BV shunt cases as part of
the group with exclusive LVD essentially confirm the
above observation. In other words, in most of BV

shunts, the exit of the BV to the sinus was occluded
at the time of diagnosis. This may imply that most BV
shunts become symptomatic after the connection of the
BV to the sinus is occluded. The fact that the first case
of the four cases was symptomatic at the time of diag-
nosis does not necessarily contradict this conclusion
since the peculiar angiographic features of the shunt
can explain the symptoms. It is known that some cere-
bral areas are devoid of notable venous anastomoses
[11]. In fact, as the angiographic investigation of the
first case showed, the tributaries of the involved BV did
not display any anastomoses with neighboring superfi-
cial veins, and therefore the shunt drained retrograde
and exclusively into the gyral medullary venous system.
This may explain both the mode of presentation
(epilepsy) and why the lesion became symptomatic be-
fore the occlusion of the BV exit to the sinus. The
second of the four cases with faint opacification of the
sinus in the superselective injection most likely corre-
sponds to a lesion with a nearly completely occluded
BV exit to the sinus. Interestingly and in accordance
with the above concept, this shunt was still asymptom-
atic and incidentally discovered. The third and fourth
cases presented with benign symptoms (tinnitus and
headache). The LVD observed in the Borden type 2
lesions was accompanied by or related to a stenosis or
partial thrombosis or complete thrombosis of the sinus
in 83 % of the cases, showing that thrombosis is a key
element for the development of LVD in these shunts.
Cognard et al. [8] defined the type 3 CDAVFs as those
draining directly into a leptomeningeal vein; in the definition
of the Borden [4] type 3 lesions, on the other hand, the type of
the isolated sinus due to thrombosis on both sides of the
arterialized site was also included. The three different groups
that we described, all classified as lesions type 3, show that
lesions of this type are inhomogeneous. The LVD observed in
the group of ISS was clearly related to the thrombosis-
isolation of the sinus and the redirection of the flow into the
leptomeningeal veins, an entity already well known [4]. The
LVD observed in the group of BV shunts was primarily
related to the fact that the shunt was located in the wall of
the BV at the BV-sinus junction and secondarily to the dis-
connection of the BV from the sinus due to thrombosis of the
BV exit, an almost universal characteristic of BV shunts at the
time of diagnosis. The location of a shunt in the BV, as
primary factor for LVD development, has not been clearly
stated in the literature. The LVD observed in the cribrosal
subtype of ethmoidal shunts was apparently related to the
location of the shunt on the wall of a vein, which represents
a direct durocortical venous connection, similar to a bridging-
emissary vein configuration, seen in the spinal cord (and
intracranially seen only in this area). Thrombosis-occlusion
of this connection is almost always observed at the time of
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diagnosis [12]. From the above, it becomes clear that all type 3
lesions are accompanied by thrombotic phenomena. There-
fore, the vast majority—94.3 % in our series—of CDAVFs
with LVD (Borden types 2 and 3) are associated with throm-
bosis (complete or partial), in contradiction with the often-
cited statement that the majority of CDAVFs do not have
evidence of preexisting or coexisting thrombosis [20] and in
accordance with previous reports advocating consistent ac-
companying thrombotic phenomena [26]. This raises the old
question of a potential cause-effect relation between thrombo-
sis and CDAVFs [17, 24, 6], which is beyond the scope of this
report.

The pattern of the network of feeding vessels, the sequence
of enhancing structures, the shunt site, and its relation with the
BYV, in ISS lesions, were clearly different in comparison with
the BV shunts and this justified their distinction from the
angioarchitectural point of view [13].

Precise description of a shunt location, based on the
abovementioned features, makes sense because it signifies
its angioarchitecture, which seems to be inherent to each
particular location. Typically, in the literature of the dural
arteriovenous lesions, the characterization of a shunt with
exclusive LVD is either connected to a sinus as for instance
“transverse sinus CDAVF type 3” or to a dural structure as
“tentorial CDAVF type 3” or to a specific anatomic location as
“ethmoidal CDAVF” or “jugular foramen CDAVE,” etc. The
former designation has theoretically the potential to express
precisely the location of a shunt. However, the same term may
indicate either a shunt of an isolated sinus with indirect LVD
or a shunt primarily located on a BV, which normally would
drain into the transverse sinus, but its exit is now thrombosed.
Functionally, both types present exclusive LVD but in terms
of exact location and relation to the BVand VOR are different.
In the first case, the lesion is located in the wall of the sinus,
and the sinus is the primary site of the disease and its lumen is
thrombosed on both sides of the arterialized segment, whereas
in the second case, the shunt affects the wall of the BV in
which is located and the exit of the BV to the sinus is (usually)
occluded and the sinus itself remains patent or only partially
thrombosed. In the first case, the shunt is in fact a sinusal
lesion and should be called in our example “isolated trans-
verse sinus CDAVF” for the sake of clarity and preciseness,
whereas in the second case, it is a disease of the BV and it
should be called accordingly, addressing the corresponding
BV.

Regarding the characterization based on a dural struc-
ture as for instance “tentorial shunt,” normally, it should
be straightforward (yet vague), with this term to describe
only shunts of the various BVs, which drain into the
tentorial sinuses. But due to its current usage, the diffi-
culty is similar because under this term, a shunt of a
superolateral cerebellar hemispheric BV is included with
a shunt of a persisting tentorial sinus or with a tentorial

@ Springer

shunt of an inferior temporal BV or even with a shunt of a
peduncular BV at the tentorial incisura. Additionally, the
petrosal shunts are often included in this group, and they
can be either superior petrosal BV shunts (often) or supe-
rior petrosal sinus shunts (rarely). When the shunt in-
volves directly a Labbé vein, which may drain to a
tentorial sinus before it exits a short distance into the
transverse sinus, the designations as “transverse sinus
CDAVF” or “tentorial CDAVF” can be deemed equally
“correct” and therefore nonspecific and imprecise. Thus,
discrepancies among studies in the incidence of described
locations and in correlations between location and clinical
presentation as well as confusion due to incongruity of
characterization should be suspected even if not clearly
highlighted so far. It is important and very useful to notice
that all the above-described types of tentorial lesions,
except the one of the superior petrosal sinus, which
should describe a sinus-based lesion, are BV shunts.
Therefore, it would be both convenient and precise if
the designation of “tentorial CDAVF” was reserved only
for BV shunts of the tentorium, which in fact constitute
the real tentorial dural lesions.

A similar concept applies for the shunts in the area of the
anterior cranial fossa since these lesions present a peculiar
venous anatomy. The presence of two different types of veins
and the absence of a strictly defined emissary vein, in the floor
of anterior cranial fossa, make the anatomy of the so-called
ethmoidal CDAVFs peculiar and the understanding of their
nature seemingly problematic. A shunt of an orbitofrontal BV
is located almost at the level of the floor of the anterior fossa
but anteriorly and slightly superiorly to the lamina
cribriformis. A shunt of the dural ethmoidal veins which are
connected directly with the leptomeningeal veins of the olfac-
tory bulbs [25, 19, 27] is located at the level of the lamina
cribriformis. Although both present a similar architecture of
the arterial feeding network and venous drainage, their exact
location and the nature of the underlying veins are different. In
either case, their characterization as ethmoidal or anterior
cranial fossa CDAVFs does not describe precisely the nature
of the lesions. Whether this distinction corresponds to a dis-
tinct clinical behavior remains to be clarified. We suggest the
more precise term ethmoidal BV shunts for lesions involving
a BV to the lowermost SSS, in order to distinguish them from
shunts at the level of the lamina cribriformis, termed “cribrosal
shunts.”

Furthermore, the venous drainage of a lesion type 3 is
usually described as “drainage through a leptomeningeal or
subarachnoid or cortical vein.” Such a vein is described as if it
was a no-name vein, whereas in reality, these veins are often
high-profile vessels, with a specific draining territory, specific
functional significance according to the location and the par-
ticular anatomic configuration and variation and perhaps with
specific veno-dural interface [9] depending on the location,
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the size, or the connection to a sinus or to a plexus. In our
previous example, a characterization as “CDAVF of the Labbé
vein” is precise in terms of anatomic location, equally precise
as the term “galenic CDAVFE,” and signifies by definition the
existence of direct and (usually) exclusive LVD.

Conclusion

In addition to the previously described factors, the exact
location of the shunt in relation to the BVs is a major deter-
mining factor for the development of LVD in CDAVFs. BV
shunts present LVD by definition and the vast majority have
their exit to the corresponding sinus thrombosed. CDAVFs
type 3 is not a homogeneous group. They may be BV-based
lesions with LVD without involvement of the sinus; they can
be lesions of an isolated sinus due to thrombosis or combined
with an anatomic variation, with only venous drainage
through the BVs, or they may be lesions at the area of the
lamina cribriformis. These subgroups of lesions share the
common feature of exclusive LVD, but they have different
angioarchitectures. Their different anatomic backgrounds may
portend a different clinical expression and natural course,
a subject, which needs further investigation. As reported pre-
viously, dural shunts with LVD are frequently associated with
sinus thrombosis and/or stenosis and, in our series, were seen
in almost all cases.
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Comments

Michihiro Tanaka, Kamogawa City, Japan

The authors analyzed the regional venous architecture of CDAVFs from
their large case series and clearly demonstrated the bridging veins function-
ing as drainage system of CDAVFs with high-quality angiographic images.
The exact location of the shunt in relation to the BVs is a major determining
factor for the development of LVD in CDAVFs. This conclusion well
clarifies the diversity of angioarchitecture of this pathology.

Karel terBrugge, Toronto, Canada

Dr. Baltsavias and colleagues highlight in this manuscript the impor-
tance of precise localization of the DAV'S with respect to the bridging vein
(BV) or the Dural Sinus (DS). The expected drainage pattern associated
with each location can be modified by local or regional availability of the
draining veins distal to the BV or DS mostly determined by coexisting
thrombosis. This frequent association with thrombosis is implied because
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of'the absence of the expected drainage in the region. The authors suggest
that an AVS at the level of the BV is more likely to become symptomatic
when the to-be expected connection with the adjacent DS is interfered
with, likely because of focal thrombosis. Correct analysis of the exact
shunting point will enable clinicians to make a more accurate interpreta-
tion of the risks involved related to the to-be expected versus the observed
drainage pattern of the DAVS.

George A. Alexiou, loannina, Greece

The current study investigated the venous drainage of cranial
dural arteriovenous fistulas and sheds light on the influence of
exact shunt location on the development of leptomeningeal ve-
nous drainage, with regard to the bridging veins. Based on a
considerable large number of cases, the authors provided excellent
new data that may further refine the current classification systems.
Furthermore, their findings may provide important clues to better
define the natural course of these lesions.
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