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Abstract We review seven patients
with intracranial dural arteriovenous
fistulae (ICDAVF), each altering the
initial type of venous drainage to one
with a higher grading during long-
term follow-up. Five were discovered
due to symptoms of intracranial hy-
pertension, two due to changes in
tinnitus and one case following sub-
arachnoid haemorrhage. In five ca-
ses, cortical venous drainage devel-
oped during the follow-up period.
Three different mechanisms were
observed: stenosis or thrombosis in
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Long-term changes in intracranial dural
arteriovenous fistulae leading to
worsening in the type of venous drainage

appearance o a new fistula site or
extension of the initial shuntin 2.
Type | and type Il afistulae which are
not completely cured, require both
close clinical observation and Dop-
pler examinations in the follow-up
period. Any charge in the clinical
pictures indicates a repeat angio-
gram. Stenosis of the venous drain-
age, forecasting later worsening in
the venous outlet, requires more
thorough angiographic follow-up.
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Introduction

The neurological symptoms and signs and risks associ-
ated with intracranial (IC) dural arteriovenous fistulae
(DAVF) depend on the venous drainage pattern. The
classification based on differences in venous drainage
[1] (Table 1) is useful when considering a therapeutic
approach (Table 2). Fistulae draining into a sinus with
normal antegrade flow (type I) are treated, in our insti-
tution, only when symptoms are severe. Treatment is by
manual arterial compression by the patient, or emboli-
sation, using particles or glue, of the external carotid
meningeal feeding vessels. Treatment is similar for fis-
tulae draining backwards into another main sinus
(type 11a), to prevent or treat symptoms or signs of I1C
hypertension. DAVF with cortical venous drainage
(types 11b-V) call for complete, durable cure.

Thus, the treatment of types | and lla DAVF aims
mainly at reducing flow, since attempted complete cure
may be associated with an increased risk of complica-
tions. However, the possible evolution of IC DAVF

the draining veinsin 4 cases: in-
creased arterial flow in 2; and the

dural - Embolisation
Haemorrhage, Subarachnoid

from one type to another may modify the therapeutic
decision. We present seven patients with IC DAVF, in
whom, a change in venous drainage type was observed
during long-term follow-up.

Materials and methods

We studied three women and four men, mean age 58 years (range
42-77 years). The initial clinical findings, angiographic venous
pattern and treatment are summarised in Table 3.

In six cases the first symptom was tinnitus; in one, it was the
sudden disappearance of tinnitus which had been present for
6 months. All the fistulae were on the transverse or sigmoid si-
nuses. There were five type | (cases 1-5) and two type lla fistulae
(cases 6 and 7). In five cases the venous drainage was abnormal; in
cases 1-3 the jugular bulb was stenosed and in cases 6 and 7 the
transverse or sigmoid sinus was occluded. In cases 4 and 5 the sig-
moid sinus and jugular veins were normal.

Cases 1, 2, 4, 6 and 7 were initially treated by embolisation, us-
ing particles, of the meningeal branches of the external carotid ar-
tery. This produced a reduction of the bruit in cases 1 and 4 and the
complete disappearance in cases 2 and 7. In case 6, tinnitus reap-



60

Table 1 Classification of dural arteriovenous fistulae according to

venous drainage [1]

Type Pattern of venous drainage
Type | Into a sinus, with normal antegrade flow
Type Il Into a sinus with insufficient antegrade venous drain-
age and reflux:
Ila: into sinus(es) only
I1b: into cortical vein(s) only
Ila + b: into sinus(es) and cortical vein(s)
Type Il Directly into a cortical vein, without venous ectasia
Type IV Into a cortical vein, with venous ectasia
Type V Into spinal perimedullary veins
Table 2 Types of venous drainage: risks and therapy
Type Risks Treatment
I Functional symptoms Goal: reduction of flow
No neurological risk no treatment
vascular compression
arterial embolisation
(particles or glue)
lla Intracranial hypertension  Goal: reduction of flow
(visual impairment 20 %) arterial embolisation
(particles or glue)
sinus occlusion
11b, Bleeding risk 10% Goal: complete cure
lla+b Focal neurological signs sinus occlusion
111-V  Bleeding risk 40 % Goal: complete cure

type 111, 65% type IV
Focal neurological signs
and myelopathy

endovascular treatment,
arterial or venous
(catheterisation of cor-

tical veins)
neurosurgery
radiotherapy

peared a few days after each of three embolisation procedures;
subsequent ligation of both occipital and middle meningeal arter-
ies did not alter the tinnitus.

Case reports

We have selected three patients to illustrate different mechanisms
of worsening of the type of venous drainage.

Case 4

The patient was admitted in 1989 with right-sided tinnitus for a few
weeks. Carotid angiography disclosed a type | sigmoid sinus fistula
(Fig.1a). Embolisation of the meningeal external carotid artery
branches, using particles, reduced the bruit. Four years later, the
patient was admitted because of chemosis and proptosis on the
right. Examination also disclosed cognitive impairment. Carotid
angiography then showed a very different situation, with a spread
of the shunts along the sinuses: one to the right sigmoid sinus
draining into the jugular vein (type I); fistulae to the right trans-
verse sinus (TS), torcular (Fig.1b) and left TS (Fig.1c) draining

backwards into the superior sagittal sinus (SSS), straight sinus (SS)
and cortical veins respectively (types Ila + b), and a fistula to the
right superior petrosal sinus (Fig. 1d, e) draining into cortical veins
(type 11b). Because of the arterialisation of the SSS, SS and left TS,
the cerebral venous drainage was very slow, with bilateral drainage
into the cavernous sinus, pterygoid plexus, and via transmeningeal
and transdiploic veins. Arterial embolisation was performed with
glue, and endovascular occlusion of the right TS is planned.

Case 6

The patient presented with right-sided tinnitus in 1986. Angiog-
raphic examination disclosed a fistula to the right TS (Fig.2a,b)
with occlusion of this sinus distal to the fistula and drainage into
the left TS (type lla). Tight stenosis of the left TS and jugular
vein was seen. Arterial embolisation was performed with parti-
cles, stopping the tinnitus. One year later, the patient suffered
transient visual obscurations and decreased visual acuity and was
found to have bilateral papilloedema. Three embolisation proce-
dures, using particles, were performed, following each of which
the tinnitus reappeared after a few days. In 1994, due to contin-
ued deterioration of visual acuity, angiography was repeated,
showing a fistula to the right TS (Fig. 2c¢) with reflux into the SSS,
SS, left TS and cortical veins (type lla + b). Doppler sonography
showed an increase in flow rate, from 560 cm®min before initial
treatment in 1986 to 750 cm®min in 1994. Despite the age of the
patient, the right TS was occluded through the ipsilateral jugular
vein and the thrombosed sigmoid sinus (Fig.2d). This resulted in
the complete obliteration of the fistula with normalization of the
cerebral venous drainage and disappearance of all symptoms and
signs.

Case 7

A fistula on the left TS, producing tinnitus, was discovered in 1989.
The left sigmoid sinus was occluded and the fistula drained back-
wards into the right TS (type l1a) (Fig.3a). Arterial embolisation
with particles resulted in reduction of the tinnitus. Five years later,
the patient was admitted as an emergency for an intraventricular
and subarachnoid haemorrhage. Angiography showed a fistula on
the left TS (Fig. 3b) draining backwards to the SS and cortical veins
(type 11b) with an occlusion at the level of the junction between the
SSS and the proximal portion of the left TS. The left TS was oc-
cluded with coils via the thrombosed ipsilateral jugular vein.

Results

The symptoms and signs leading to follow-up angiogra-
phy were: intracranial hypertension with visual obscu-
rations and papilledoema (case 1); reappearance of
(case 2) or increase in (case 3) tinnitus; chemosis and
proptosis (case 4); cognitive decline (cases 4 and 5); de-
terioration of visual acuity (case 6), intraventricular and
subarachnoid haemorrhage (case 7).

The angiographic diagnosis of worsened venous
drainage was made 1 month to 20 years (mean 7 years)
after initial angiography (Table 4).

In two patients, follow-up angiography showed de-
velopment of one (case 1) or two fistulae (case 4) in ad-
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Fig.1a—e Case 4. a Right external carotid angiogram in 1989; an-
teroposterior view prior to first embolisation. b 1993: note exten-
sion of the shunt to the proximal right transverse sinus (TS) and
torcular with reflux into the left TS and superior sagittal sinus
(SSS). c Left external carotid angiogram (1993): development of
new fistula on the left TS. d,e Right internal carotid angiogram in
1989 and 1993: development of a new fistula on the right superior
petrosal sinus, with cortical venous drainage

dition to the previously existing one. In case 1, the first
fistula had changed from type | to type lla.

In four of the five patients where the initial angiog-
raphic studies had shown abnormalities of the venous
pathways (cases 1-3, 7), additional abnormalities were
seen on the later angiograms: occlusion of the sigmoid
sinus distal to the fistula (cases 1 and 2), indicating evo-
lution from type | to type lla; occlusion of the TS both
proximal and distal to the fistula (case 3); i.e. evolution
from type | to type Ilb; occlusion of the sinus proximal
to the fistula (case 7), converting type lla to type -
lla + b. In the two patients (cases 4 and 5) with previ-
ously normal drainage from the fistula, the later angio-
gram showed no change.

There were two patients (cases 5 and 6) in whom ve-
nous drainage changed angiographically (types | and lla
to type I1b). Although no change in venous outflow, nor
any new fistula sites could be found, Doppler sonogra-
phy revealed an interval increase in flow rate.

In five cases, treatment consisted of occluding the si-
nus with coils. This was performed through the ipsilat-

eral jugular vein, when the sinus was normal (case 5), or
by endovascular recanalisation, when the TS or sigmoid
sinus were thrombosed (cases 3 and 6). In case 2, be-
cause of the thrombosis of the left TS, occlusion was
performed through the contralateral jugular vein and
TS. In case 7, the TS was occluded on both sides of the
fistula, and the coils had to be delivered via direct
puncture of the TS. The two patients treated by arterial
embolisation with glue (case 4) or particles (case 1) are
still not cured and occlusion of the TS is planned.
When it was possible, occluding the sinus induced
complete closure of the fistula with complete clinical
improvement. Patient 2 experienced diplopia and ver-
tigo a few hours following the occlusion but these
symptoms disappeared in 2 days following systemic
heparinisation and corticosteroid therapy.

Discussion

DAVF were initially considered more benign than ar-
teriovenous malformations of the brain. However, it
was noted that all DAVF carry a potential risk of IC
haemorrhage, and bleeding was attributed to pial com-
partment. The role of cortical venous drainage and
particularly of dilated or ectatic veins was first pointed
out by Houser et al. [2]. A general classification of
DAVF, with regard to their pattern of venous drainage
and corresponding symptomatology, was elaborated in
1978 by Djindjian et al. [3]. They assumed that DAVF
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Fig.2a-d Case 6. a Right external carotid angiogram in 1988
(lateral view) showing type lla fistula on the right TS. b Right
common carotid angiogram (anteroposterior): occlusion of the
right TS sinus distal to the fistula and drainage into the left TS with
stenosis of the left TS and jugular vein. ¢ Right common carotid
angiogram 1994 (lateral view): modified drainage with reflux into
the SSS and cortical veins in late venous phase. d Angiogram after
occlusion with coils

draining freely into a sinus produced only mild symp-
toms, while cortical venous drainage was associated
with more severe neurological disturbance and haem-
orrhage. Reviews of previously published cases as-
sessed the role of venous patterns in the occurrence of
bleeding or focal neurological deficits [4-6]. We re-
cently reviewed 205 patients with DAVF [1], using
clinical and angiographic correlations to revise the
classification of Djindjian et al. (Table 1). Clinical con-
sequences and risks correlated with different types of
venous drainage, thus indicating different therapeutic
approaches (Table 2).

However, if type | DAVF are clearly benign lesions
and therefore must not be treated aggressively, it must
be ascertained that they will not transform into higher
grades. Some workers have related clinical progression

to worsening of the venous drainage [2, 7-9], but to our
knowledge no angiographic proof of such evolution has
been published.

In our seven cases, three different mechanisms ex-
plaining this worsening venous drainage pattern can be
observed.

Stenosis or thrombosis of the venous outflow

In cases 1, 2, 3 and 7 thrombosis at the site of venous
drainage led to progression. Two type | fistulae became
type lla by occlusion of the sinus distal to the shunt, and
one became type I1b following occlusion on both sides
(Fig.4); one type lla fistula with an initial distal occlu-
sion became type lla + b by virtue of a proximal occlu-
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Fig.3a,b Case7. aLeft common carotid angiogram (anteropos-
terior): type lla fistula on the left TS with occlusion of the left sig-
moid sinus and retrograde drainage into the right TS. b Occipital
arteriogram (oblique). Venous phase, showing changes in venous
drainage, with occlusion of the proximal portion of the left TS and
reflux into the straight sinus and cortical veins

sion. The three patients (cases 1-3) with distal occlusion
had an obvious stenosis of the sinus or jugular vein on
the initial angiogram which progressed to thrombosis. In
the two patients (cases 3 and 7) with proximal occlusion,
no venous abnormality was visible initially. In case 3,
with a type | fistula, it was impossible to analyse the si-
nus proximal to the shunt because of competition be-
tween the drainage of the fistula and that of the brain. In
case 7, with a type llafistula, the sinus initially appeared
normal.

The role of thrombophlebitis in the genesis of DAVF
has frequently been discussed [2, 8-19]. Chaudhary et al.
[8] suggested that “thrombosis in the dural sinus or vein
may be the primary event in the formation of DAVF”.
Most authors believe that causative factors, such as
thrombophlebitis or other involvement of the sinus in-
cluding surgery, trauma or tumour, may induce opening

Fig.4a-c Case 3. aRight common carotid angiogram in 1972
showing type | TS fistula with stenosis of right jugular bulb. b In-
ternal carotid angiogram in 1992 showing occlusion of the sinus
proximal and distal to fistula. ¢ Late venous phase of external ca-
rotid angiogram (in 1992) shows extensive cortical venous drain-
age

of the normal arteriovenous shunts described by Kerber
and Newton [20]. Thus, underlying thrombotic disease
at the origin of the fistula may explain progressive
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thrombosis of the sinus(es) and the delayed develop-
ment of additional shunts.

On the other hand, the role of the fistula itself in
producing sinus stenosis or occlusion remains unclear.
Piton et al. [7] suggested that the different types of ve-
nous drainage probably correspond to stages in the
course of the disease. They assume that distention of
mural vessels progressively reduces the lumen of the
vein and may result in complete obstruction, with sub-
sequent drainage through the contralateral sinus. Af-
terwards, only one part of the fistula would remain, in
the wall of the sinus, near the ostium of a cortical vein,
which thus would constitute the sole outlet of the sys-
tem. Nishima et al. [19] postulated that stenosis of the
lumen of the sinus is due mainly to marked thickening of
its intima and the development of an abnormal vascular
network within its wall. Awad et al. [4] suggested several
stages in the natural history of DAVF, due to arterial
recruitment — “sump effect” — with secondary venous
hypertension. In a recent study, looking at grades of re-
strictive venous disease in DAVF, Lalwani et al. [21]
suggest that the DAVF is a dynamic condition, which
can progress at variable rates from minimum restrictive
venous disease to more severe outflow impairment.

Apart from considerations of the role of the fistula in
creating a thickened sinus wall, we may assume that the
high arterial flow can produce lesions in the wall of the
sinus at a distance from the shunt itself. Occlusion
proximal to the fistula may be explained by impaired
venous drainage and stagnation, where the normal
drainage of the brain and that of the fistula are in com-
petition. Three case reports have indicated the role of
fistulae in the genesis of sinus thrombosis [22-24]; in
these cases, however, occlusion of the sinus resulted in
disappearance of the fistulas.

Thus, even if the supposition that the haemodynam-
ics of DAVF can be modified by venous stenosis or oc-
clusion is generally accepted, these changes have never
been shown angiographically. Consequently, it seems
difficult to consider progression from one stage to an-
other as the natural course of a DAVF.

In three of our four cases, the patients had initially
been treated by arterial embolisation with particles and,
in one case, by ligation of external carotid branches.
Thus, the role of reduced arterial flow in the develop-
ment of stenosis or occlusion of the sinus may be ques-
tioned. High flow could maintain sufficient pressure in
the sinus, avoiding the formation of thrombosis, but em-
bolisation without complete obliteration of the fistula
could favour thrombosis and worsened venous drainage.

Increased arterial flow

In cases 5 and 6, the drainage worsened from type | and
type llarespectively, to type lla + b. In case 5, no venous

abnormality was observed on the initial angiogram, or on
follow-up. In case 6, initially a type lla fistula with distal
sinus occlusion and stenosis of the controlateral TS and
jugular vein, the later angiogram showed similar venous
abnormalities, and thus did not explain the worsened ve-
nous drainage. It seems plausible that in these cases, the
change of venous drainage was due to an increase in ar-
terial flow. This supposition is also supported by the
sonographic findings of increased arterial flow rate.

Appearance of new fistulae or extension of the initial
shunt

In cases 1 and 4 the later angiogram showed develop-
ment of new fistulae. In case 1, the initial fistula chan-
ged from type | to type lla by virtue of distal occlusion
of the TS. The shunt, initially on the right TS, was found
on the later angiogram to extend to the torcular and
proximal portion of the left TS. In case 4, the initial
type | sigmoid sinus fistula was unchanged, but two
other fistulae had developed, one at the torcular and
proximal portion of the TS bilaterally and one on the
superior petrosal sinus.

It is difficult to determine whether the same patho-
logical mechanism as at the origin of the initial fistula
was responsible for the two other shunts, or whether the
haemodynamic changes created by the first fistula gave
rise to the others. Barnwell et al. [25] reported 7 cases of
multiple DAVF. They postulated that a hypercoagula-
bility state may lead to thromboses and to fistulae at
different sites. They also stated that impaired venous
drainage into the main sinuses, causing stagnation, could
give rise to a second fistula.

To our knowledge, there has been no previous re-
ports in the literature of this occurrence, which partly
reflects its rarity. Our previous experience [1] did not
indicate a natural progression from one type to another.
In the present study it is difficult to draw firm conclu-
sions about the frequency of progression into higher
grades, since the time between the initial angiogram and
demonstration of progression varied from 1 month to
20 years, indicating the necessity of very long-term fol-
low-up in these cases.

At the time of diagnosis, the venous outflow must be
analysed carefully and any stenosis of the draining veins
must be considered a risk factor for worsening of the
fistula. After initial diagnosis and treatment, patients
with | or type lla fistula who are incompletely cured
should be told that any change in their symptoms, for
better or for worse, is an indication for a new angio-
gram. We routinely perform annual Doppler sonogra-
phy to screen for an increase in arterial flow rate.

In our opinion, fistulae with cortical venous drainage
(types 11b-V) must be completely obliterated because
of the high risk of haemorrhage or focal neurological
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deficits. Type lla fistulae (often very difficult to cure)
are frequently treated by arterial embolization, with
particles, to reduce the flow and induce clinical im-
provement. Type | fistulae can be considered benign
and treated only if symptoms are severe. The goal of
arterial treatment in these cases is to reduce flow, to
minimise or, if possible, remove symptoms such as tin-
nitus. Complete cure, necessitating more hazardous
treatment, is not required.

The possibility of progression with more severe ve-
nous drainage could change the approach to therapy
and lead one to perform more aggressive treatment of
types | and lla fistulae. In cases with abnormalities of
venous drainage the venous approach, with occlusion of
the sinus, should be performed. However, occlusion of
the sinus in types| and lla fistulae raises two main
problems. Firstly, occlusion of a sinus implies the sacri-
fice of a major route of cerebral venous drainage. Even

though arterialised and not currently available for
drainage, the sinus could be usable later, after haemo-
dynamic modification or through the development of
new fistulae. In case 4, the left TS, even though arteri-
alised, drained the contralateral TS fistula, because of
the increased pressure in the SSS. Secondly, treating
types I and lla DAVF by sinus occlusion is more dan-
gerous than in type Ilb fistulae. It needs careful study of
the cerebral and cerebellar late venous phase, to be sure
that normal veins are not draining into the arterialised
sinus. Sinus occlusion often leads to a complete cure of
the fistula but also runs the risk of being more danger-
ous than the natural history of the disease.

However, we need further knowledge about the fre-
guency of the progression described here to be able to
assess whether the type | DAVF is truly benign disease
or a more serious condition, which by its natural course
or following embolization can evolve to a higher grade.
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