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Abstract

Introduction. Dural arteriovenous fistulas (DAVFs) are vascular anomalies where arteries from the carotid or
vertebral arteries directly drain into the dural venous sinuses. Symptoms can range from asymptomatic to severe,
including hemorrhage, venous hypertension, and neurological deficits. Tentorial dural arteriovenous fistulas
(TDAVFs), a rare subset occurring in the tentorium, represent up to 4% of all DAVFs. Traditionally, DAVFs have
been treated surgically, but recent advancements in endovascular embolization have made it a first-line treatment,
although the optimal approach is still debated.

The aim. To evaluate the efficacy and outcomes of endovascular treatment for TDAVFs.

Materials and methods. Between 2012 and 2024, 174 patients with DAVFs were treated at the Scientific-
Practical Center of Endovascular Neuroradiology of the NAMS of Ukraine, including 8 patients with TDAVFs (mean
age 58.5 years). All the patients with TDAVFs were symptomatic, with symptoms including hemorrhage (37.5%),
headache, tinnitus, and seizures (62.5%). Endovascular treatment used liquid embolic agents and coils when
required. Outcomes were assessed using postoperative angiograms and the modified Rankin Scale.

Results. Nine embolization sessions were performed; of these, 8 (88.9%) using n-butyl cyanoacrylate Histoacryl
and 1 (11.1%) using Onyx. Complete shunt elimination was achieved in 75% of sessions; 25% had residual low-
flow shunting, with vessels unsuitable for further catheterization. No neurological deterioration occurred. The
mean length of hospital stay was 5.5 days. Follow-up angiography in 7 patients showed one case of symptom
worsening and vessel recruitment, which was later fully treated with repeat transvenous embolization.

Conclusions. Endovascular embolization is an effective and safe treatment for TDAVFs. This case series indicates
its efficacy but underscores the need for further randomized trials to compare all treatment modalities for tentorial
and other deep-seated dural vascular lesions.

Keywords: tentorium, embolization, liquid embolic agents, treatment outcome.

Introduction. Dural arteriovenous fistulas (DAVFs)
are vascular malformations where arteries originating
from branches of the carotid or vertebral arteries drain
directly into the dural leaflets of venous sinuses [1].
The clinical progression of DAVFs varies based on the
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venous drainage pattern [2]. Symptoms can range from
being asymptomatic to severe, with manifestations such
as hemorrhage, venous hypertension, and neurological
deficits. Tentorial dural arteriovenous fistulas (TDAVFs)
are a rare type, representing 4-8% of all DAVFs [3]. These
fistulas occur within the double-layered dural structure
of the tentorium and its attachments, characterized by
multiple arterial dural feeders converging into a single
dural vein [4].
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Compared to DAVFslocated elsewhere, TDAVFs demon-
strate the most aggressive neurological course, with in-
tracranial hemorrhage rates between 60% and 75%, in-
cluding potentially fatal bleeds in the posterior fossa [5,6 ].

Due to this significant risk, even in the absence of
prominent clinical symptoms, aggressive treatment is re-
quired for TDAVFs. Treatment typically involves discon-
necting the draining vein from the feeding dural arteries.
Incomplete treatment can lead to the development of col-
lateral vessels, maintaining the risk of hemorrhage [7].

Historically, treatment of DAVFs involved surgically li-
gating the draining vein, but the deep location of TDAVFs
can complicate access. In recent years, endovascular em-
bolization has become the preferred treatment, either as
a standalone approach or combined with surgery [4,8,9].
However, the best approach for endovascular treatment
remains debated, and data on the treatment of TDAVFs are
very limited and most of them are case reports describing
peculiarities of endovascular embolization over the last
5 years [10-20], underscoring the need for further studies.

The aim. To study the efficacy and results of the endo-
vascular treatment of patients with TDAVFs.

Materials and methods. A total of 174 patients with
DAVFs were treated at the Scientific-Practical Center of
Endovascular Neuroradiology of the NAMS of Ukraine
between 2012 and 2024, each undergoing at least one
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endovascular embolization. Among these patients, 8 pa-
tients had TDAVFs. The mean age of this subgroup was
58.5 years, with an equal distribution of 4 men (50%) and
4 women (50%). All the patients presented with symp-
toms, and hemorrhagic manifestations were observed in
3 patients (37.5%), while the remaining 5 (62.5%) exhib-
ited symptoms such as headache, tinnitus, and seizures.
TDAVFs were categorized based on venous drainage pat-
terns following the Cognard Classification (1995) [2]. Ana-
tomical location of fistula point and feeder territories were
analyzed (Table 1).

Each patient underwent a thorough clinical examina-
tion and routine laboratory tests. Data collected during
hospitalization involved detailed analyses of patient his-
tory, symptoms, and clinical progression. Post-procedural
care followed standard protocols. The primary goal of the
embolization was to achieve complete obliteration of the
arteriovenous shunts. The patients were fully informed
about the procedure risks and provided informed consent.

Endovascular embolization utilized liquid embolic
agents, including a mixture of n-butyl cyanoacrylate (nBCA)
with Histoacryl® (B. Braun, Melsungen AG, Germany), io-
dized oil (Lipiodol®, Guerbet LLC, France), and ethylene
vinyl alcohol copolymer (Onyx™, EV3, Irvine, USA). De-
tached coils were also employed in certain cases. The pro-
cedures were performed under general anesthesia with

Table 1
Demographical and clinical peculiarities in patients with TDAVFs
Fistula Classification Primary No of
No. Age Sex Presentation point Main feeding arteries (Cognard) treatment Result treatments Follow-up
Occipital artery, MHT, .
1 65 Male Headache Torcular posterior meningeal 1] Transa.rter.|al Total 1 Complgte
embolization occlusion
artery
MMA, superficial
. temporal artery, .
2 59 Female Vertigo, Torcular occipital artery, MHT, v Transa.rterllal Subtotal 1 N/A
headache - ) embolization
posterior meningeal
artery
3 58 Male eadacheb .1 nic Occipital artery v Transarterial . 1 Complete
tinnitus embolization occlusion
MMA, occipital Transarterial Complete
4 62 Female Hemorrhage Torcular artery, MHT, posterior . Total 1 pu
. embolization occlusion
meningeal artery
5 54 Female Hemorrhage Galenic MMA, occipital artery, v Transa.rter.lal Subtotal 2 Worthen—
MHT embolization ing
6 36 Male Headache, Galenic Superﬁua!t.emporal IV Transa.rter.lal Total 1 Complgte
tinnitus artery, occipital artery, embolization occlusion
7 61 Female Hemorrhage Torcular MMA, Occipital % Transa.rterllal Total 1 Complgte
artery,MHT, embolization occlusion
Headache, MMA, Occipital artery, Transarterial Complete
8 54 Male tinnitus, Galenic  Posterior meningeal Y . Total 1 pu
. embolization occlusion
vertigo artery

N/A, not available; MMA, middle meningeal artery; MHT, meningohypophyseal trunk.
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mild hypotension, using femoral access and hepariniza-
tion (10,000 U). A 6F femoral sheath was placed, followed
by catheterization of the internal carotid or vertebral ar-
tery, and embolization was performed via a microcatheter
(Magic or Sonic, Balt, Montmorency, France). Surgical out-
comes were evaluated using postoperative angiograms,
and complications and techniques were assessed based
on surgical reports. Treatment outcomes were measured
using the modified Rankin Scale. Due to the small sample
size, descriptive statistics were used, and data were pre-
sented as mean * SD.

Results and discussion. In 8 patients with TDAVE,
9 embolization sessions were performed. Of these, 8 ses-
sions (88.9%) utilized nBCA, and 1 session (11.1%) used
Onyx (Fig. 1). Detached coils were used during one pro-
cedure to reduce the flow in the arteriovenous shunts and
prevent excessive distribution of the liquid embolic agent.

No procedural complications occurred, and 6 emboli-
zation sessions (75%) resulted in total elimination of ar-
teriovenous shunting. In 2 patients (25%), residual low-
flow shunting was present, but the feeding vessels were
unsuitable for further catheterization. No patient experi-
enced neurological decline after embolization, though all
the subjects reported mild to moderate headaches, which
were managed with analgesics. Postoperative recovery
was uneventful, with symptom improvement noted at
discharge. Two patients who presented with hemorrhage
were transferred to rehabilitation. The mean length of
hospital stay was 5.5 days.

Fig. 1. Angiograms (A and B) show TDAVF (arrows) with multiple

feeding vessels from external carotid artery before embolization

session. TDAVF was totally occluded with Onyx (arrows) without
any complications (C and D)

Follow-up angiography was performed in 7 patients
(87.5%). One patient who had subtotal embolization
continued to experience symptoms, and recruitment of
feeding vessels was observed 6 months post-procedure.
This patientunderwentarepeattransvenous embolization,
achieving complete obliteration. Another patient declined
further surgery, and follow-up was not available.

Tentorial DAVFs are more difficult to treat compared
to DAVFs in other locations, often requiring multiple
endovascular or surgical interventions. Surgical treatment
is challenging due to the deep location, and endovascular
treatment can be complicated by dural supply from both
the internal and external carotid arteries [9].

The optimal treatment strategy remains controversial
thus far; the current treatment strategies to this disease
are listed below.

Surgical resection typically involves significant brain
exposure and can be technically challenging due to the
complex arterial supply around the tentorium. Zhou et al.
reported that among 32 patients who underwent surgical
obliteration, complete TDAVF closure was achieved in
87.5%, while the mortality rate was 6% [20]. Stereotactic
radiosurgery is another potential treatment for DAVFs.
According to Chen et al., tentorial fistulae treated solely
with radiosurgery or combined with partial surgery/
embolization resulted in a 58% complete obliteration
rate [21]. However, the risk of hemorrhage remains
unchanged until full obliteration, which can take 1-2 years
after treatment [22].

Cannizzaro et al. systematic review highlighted a shift
in treatment approaches, noting a decrease in surgical
interventions for DAVFs, from 38.7% between 1980-1995
to 20.4% between 2006 and 2014. In contrast, the use of
endovascular treatments rose from 16.1% to 48% during
the same period [23].

Arterial embolization via the dural arteries, particularly
from the internal carotid artery, poses a higher risk of
intracranial embolic events. A complex anastomotic
network between the intracranial and extracranial dural
circulations, especially near the skull base, can result in
the backflow of embolic agents, leading to distal embolic
complications. In some instances, the occipital artery
is the only viable extracranial access for endovascular
procedures. However, its tortuosity - particularly in cases
with high flow - can make it challenging to advance the
microcatheter. During Onyx embolization, multiple dural
arterial feeders may fill retrogradely before reaching the
draining vein. Achieving venous penetration and occlusion
is essential for ensuring the long-term closure of the fistula.

Conclusions. Endovascular embolization is a
preferred treatment option for occluding tentorial DAVFs,
demonstrating both effectiveness and safety in this
challenging pathology. However, this small retrospective
case series highlights the need for further randomized
trials to compare all existing treatment modalities for
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tentorial DAVFs and other deep-seated dural vascular
lesions.

Conflict of interest. We declare no conflict of interest.

References

1. Zyck S, De Jesus O, Gould GC. Dural Arteriovenous
Fistula. [Updated 2023 Aug 23; cited 2024 Sep 01]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2024 Jan-. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK532274/

2. Cognard C, Gobin YP, PierotL, Bailly AL, HoudartE, Casasco A,
et al. Cerebral dural arteriovenous fistulas: clinical and
angiographic correlation with a revised classification
of venous drainage. Radiology. 1995;194(3):671-680.
https://doi.org/10.1148/radiology.194.3.7862961

3. Chu CL, Chu YC, Lam CT, Lee TH, Chien SC, Yeh CH, et
al. Endovascular Treatment of Medial Tentorial Dural
Arteriovenous Fistula Through the Dural Branch of the
Pial Artery. Front Neurol. 2021;12:736919. https://doi.
org/10.3389/fneur.2021.736919

4. KortmanHG, Boukrabl,BloemsmaG,Peluso]P,SluzewskiM,
van der Pol B, et al. Tentorial Dural Arteriovenous Fistulas:
A Single-Center Cohort of 12 Patients. ] Cerebrovasc
Endovasc Neurosurg. 2017;19(4):284-290. https://doi.
org/10.7461/jcen.2017.19.4.284

5. Wajnberg E, Spilberg G, Rezende MT, Abud DG, Kessler |,
Mounayer C; Association of Rothschild Foundation Alumni
(ARFA). Endovascular Treatment of Tentorial Dural
ArteriovenousFistulae.IntervNeuroradiol.2012;18(1):60-68.
https://doi.org/10.1177/159101991201800108

6. Kim MS, Han DH, Han MH, Oh CW. Posterior fossa
hemorrhage caused by dural arteriovenous fistula:
case reports. Surg Neurol. 2003;59(6):512-516;
discussion 516-517. https://doi.org/10.1016/s0090-
3019(03)00077-6

7. Kim HJ], Yang JH, Lee HJ], Lee HJ. Tentorial Dural
Arteriovenous Fistula Treated Using Transarterial Onyx
Embolization. ] Korean Neurosurg Soc. 2015;58(3):276-
280. https://doi.org/10.3340/jkns.2015.58.3.276

8. Gioppo A, Farago G, Caldiera V, Caputi L, Cusin A,
Ciceri E. Medial Tentorial Dural Arteriovenous Fistula
Embolization: Single Experience with Embolic Liquid
Polymer SQUID and Review of the Literature. World
Neurosurg. 2017;107:1050.e1-1050.e7.  https://doi.
org/10.1016/j.wneu.2017.08.050

9. Lawton MT, Sanchez-Mejia RO, Pham D, Tan ], Halbach VV.
Tentorial dural arteriovenous fistulae: operative strategies
and microsurgical results for six types. Neurosurgery.
2008;62(3 Suppl 1):110-124; discussion 124-125.
https://doi.org/10.1227/01.neu.0000317381.68561.b0

10. Nakamura K, Kuge A, Yamaki T, Sano K, Saito S, Kondo
R, et al. Endovascular Treatment of Hemifacial Spasm
Associated with a Tentorial DAVF Using Transarterial
Onyx Embolization: A Case Report. ] Neuroendovasc Ther.
2022;16(10):523-528. https://doi.org/10.5797 /jnet.
cr.2022-0002

11.0Ohnishi Y, Takenaka T, Fujiwara S. Tentorial Dural
Arteriovenous  Fistula  Presenting with  Venous

3aranbHi NMTaAHHA NiKYBaHHSA NALLiIEHTIB i3 cepL,EBO-CYAMHHOI NaTOJIOriE0

Congestive Edema of the Upper Cervical Cord. NMC Case
Rep J. 2022;9:193-198. https://doi.org/10.2176/jns-
nmc.2022-0014

12.Ogura R, Hasegawa H, Kumagai S, Takahashi H, Fujiwara
H, Yoshimura J, et al. A Case of Curative Onyx Embolization
for Tentorial dAVF via Low-flow Feeders with Temporary
Balloon Occlusion of High-flow Feeders. ] Neuroendovasc
Ther. 2020;14(3):112-117. https://doi.org/10.5797 /jnet.
tn.2019-0053

13.Cobos Codina S, Bernal Garcia LM, Rodriguez Sanchez
JA, Gavilan Iglesias T, de Alarcén LF. Tentorial dural
arteriovenous fistula with perimedullary venous
drainage-associated cervical myelopathy: illustrative
case. ] Neurosurg Case Lessons. 2022;4(6):CASE22148.
https://doi.org/10.3171/CASE22148

14.Hou K, Yu J. Case report: Onyx embolization of tentorial
dural arteriovenous fistula via the meningohypophyseal
trunk and medial tentorial artery of Bernasconi-Cassinari.
Front Neurol. 2022;13:904877. https://doi.org/10.3389/
fneur.2022.904877

15. Abu-Alya A, Mamoor A, Chavda D, Helseth E, Veerappan V,
Anson JA, et al. Transcranial Endovascular Embolization
of Dural Arteriovenous Fistula: A Case Report and
Literature Review. Cureus. 2024;16(7):e65032. https://
doi.org/10.7759/cureus.65032

16.Dargazanli C, Lippi A, Gaillard N. Medial tentorial dural
arteriovenous fistula: A rare cause of bithalamic oedema.
Radiol Case Rep. 2022;17(6):2111-2114. https://doi.
org/10.1016/j.radcr.2022.03.072

17.Tsuji E, Okada H, Terada T. Rapid ventricular pacing for
flow control during transarterial Onyx embolization of
tentorial dural arteriovenous fistulas. BM] Case Rep.
2021;14(8):e242833. https://doi.org/10.1136/bcr-
2021-242833

18.Ma Y, Lv K, Yang K, Wu H. Secondary ocular hypertension
due to tentorial dural arteriovenous fistula: a case
report. BMC Ophthalmol. 2023;23(1):373. https://doi.
org/10.1186/s12886-023-03124-8

19. O’Reilly ST, Krings T. Medial Tentorial Meningeal Supply
from the Collicular Artery : Anatomy and Endovascular
Implications. Clin Neuroradiol. 2023;33(2):555-559.
https://doi.org/10.1007 /s00062-022-01250-2

20.Zhou LF, Chen L, Song DL, Gu YX, Leng B. Tentorial dural
arteriovenous fistulas. Surg Neurol. 2007;67(5):472-481.
https://doi.org/10.1016/j.surneu.2006.08.078

21.Chen CJ], Lee CC, Ding D, Starke RM, Chivukula S, Yen CP,
et al. Stereotactic radiosurgery for intracranial dural
arteriovenous fistulas: a systematic review. ] Neurosurg.
2015;122(2):353-362. https://doi.org/10.3171/2014.10.
JNS14871

22.Shin M, Kurita H, Tago M, Kirino T. Stereotactic
Radiosurgery for Tentorial Dural Arteriovenous Fistulae
Draining into the Vein of Galen: Report of Two Cases.
Neurosurgery. 2000;46(3):730-733; discussion 733-734.
https://doi.org/10.1097/00006123-200003000-00039

23.Cannizzaro D, Brinjikji W, Rammos S, Murad MH,
Lanzino G. Changing Clinical and Therapeutic Trends
in Tentorial Dural Arteriovenous Fistulas: A Systematic
Review. AJNR Am ] Neuroradiol. 2015;36(10):1905-1911.
https://doi.org/10.3174/ajnr.A4394



Dmytro V. Shchehlov / Endovascular Treatment of the Tentorial Dural Arteriovenous Fistulas... 159

EHpoBacKynsipHe NiKyBaHHSA TEHTOPiaIbHUX AypaNbHUX apTepPiOBEHO3HUX HOPULb.
Cepis BUnapkiB Ta ornap, niteparypu

Werno. A.B.%, a-p Men. HayK, HeMpPOXipypr, AMPEKTOP

Ceupuaiok 0. €., kaHA. Mea. HayK, Helpoxipypr
YebaHtok C. B.%, kaHA. Mep. HayK, KapAionor, KEpiBHWMK HAayKOBOTO BiaAiny

AnbtMaH |. B.%, KaHA. Mef. HayK, CyLMHHUIA Xipypr

Cupopetnko 0. d., kapaionor
Busanb M. B.%, o-p dinocodii, Herlpoxipypr
MamoHoBa M. 0.2, kaHA. Mef. HayK, acUCTeHT Kadenpu aHecTesionorii Ta iIHTEHCUBHOIT Tepanii
1Y «HayKoBO-MpaKTUYHUIA LEHTP eHA0BACKYASPHOI HelipopeHTreHoXipyprii HauioHanbHoT akaaeMii MeauuHux Hayk YkpaiHu,
M. KuiB, YkpaiHa

’HauioHanbHuit MeanuHuit yHiepcuteT iMeHi O. O. boromonbug, M. Kuis, YkpaiHa

Pe3siome. /lypasbHi apTepioBeHo3Hi ¢ictynu (JABD) - ne cyauHHi aHoMautii, npu sikux apTepii 3 cOHHUX a60 XpebeT-
HUX apTepiil npsaMo BNaZaoTh y AypasibHi BeHO3HI cuHycu. Cumntomu JJAB® Moy Th BapioBaTH Bifi 6€3CUMITOMHUX
Jl0 TSDKKHX, BKJIIOYAIOYM KPOBOTEUY, BEHO3HY TillepTeH3ii0 Ta HeBpoJioTiuHi nopymeHHs. TeHTopianbHi JAB® € pia-
KicHOO migrpymnoto ¢ictys, 1m0 GopMyrThCS B JIiJISHII HAMETY MO304Ka, i cTaHOBJAATH J10 4 % Bcix JIAB®. TpaguuiiiHo
JAB® jikyBanu xipyprivHuM IJISIXOM, ajle HellloJlaBHi J0CATHEeHHS B rajiy3i eHJ0BacKyIsapHoi eM6oJisanii 3pobun it
JIIKyBaHHSIM BUOOpY, X04a ONTUMaJIbHUH NiJXiJ| BCe 1ie 06roBOPIOETHCS.

MeTa - oLiHUTH ePEeKTUBHICTb Ta PE3Y/IbTATH €HI0BACKY/IIPHOrO JiKyBaHHSA TeHTopiasbHUX JJAB®.

Matepiasii Ta meTogu. Y nepioa 3 2012 o 2024 pik y /1Y «HaykoBo-npakTUYHUH IIEHTpP eH0BACKYJISIPHOI HEUpO-
pentrenoxipyprii HAMH Ykpainu» nposiikoBano 174 nanientu 3 JIAB®, y Tomy uyucii 8 i3 TenTopianbHuMu JJABD (ce-
penHil Bik 58,5 poky). Yci JAB® 6y CMHMOITOMHUMHY, y TOMY 4ucii KpoBoTeya (37,5 %), roJIoBHUH 6iJib, IIyM y ByXaX Ta
cyznomu (62,5 %). Ilig yac eH0BaCKyISPHOTO JIIKyBaHHSI BUKOPUCTOBYBAJIY piJiki eM60J1i3y0oui areHTH Ta Mikpocnipasi
3a noTpe6u. Pe3y/sbTaTH OLiHIOBA/IH 3a JOTIOMOTI0I0 Mic/Is0oNepaliiHUX aHriorpaM Ta MoAupikoBaHo] mKaau PeHkiHa.

PesynbraTu. Bysno nposeseno 9 ceanciB em6o.izanii, 3 Hux 8 (88,9 %) 3 nBCA-Histoacryli1 (11,1 %) 3 Onyx. [loBHe
YCYHEeHHs IIyHTa 6ys10 JOoCATHYTO B 75 % ceaHciB; y 25 % cnocTepirasocs 3a/JUIIKOBEe HU3bKOIIOTOKOBE LIYHTYBaHHSA
3 HEMPUJATHUMHU [Jid MoJaJblIol KaTeTepusalii cyquHaMu. HeBposioriuHUX MoripileHb Nicjis onepanii He CIoCcTepi-
rasiocs. CepeiHsl TpuBasicTh NepebyBaHHs y cTanioHapi craHoBuJa 5,5 gHg. HactynHa adriorpadis 6ysna npoBejeHna
y 7 NaLi€HTIB, BUSBJIEHO OAUH BUIAJOK NOriplIeHHs CHMITOMIB Ta NOSIBY HOBUX CYZAMH, sIKi NMi3Hille 6y/IM TOTaJIbHO
eM60J1i130BaHi TpPaHCBEHO3HUM JIOCTYIIOM.

BucHoBkM. EHfloBacKky/isipHa eM6ostisalis € epeKTHBHHUM Ta 6e3MeYHUM METOLOM JIiKYBaHHSI TEHTOpiaJbHUX
JAB®. []a cepis Buna/ikiB nokasye ii epeKTHUBHICTb, aJle HAaroJIOyE Ha HEOOXiJHOCTI MoAaIbIINX PAHA0Mi30BaHUX JI0-
CJIi/PKeHb AJ1 TOPiBHAHHS BCiX METO/iB JIiIKyBaHHS] TEHTOPiaJIbHUX Ta iHIIKX IJIM60KO pO3TalllOBaHUX JypaJIbHUX CY-
JWHHUX ypaXkeHb.

Kawouoei caroea: Hamem mo3zouka, embo1izayis, pioki emb60aIuHi 3acobu, pe3yabmamu AIKYS8AHHS.

CraTTsa Hajila B penakuito / Received: 23.10.2024
[licnsa poonpaitoBanHs / Revised: 13.12.2024
[IpuitHaTo no apyky / Accepted: 25.12.2024



