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Intracranial Dural Arteriovenous Fistulas With Brainstem Engorgement: An Under-Recognized Entity in Diagnosis and Treatment
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Background: In rare circumstances, patients with intracranial (dural arteriovenous fistulas) DAVFs could be complicated with brainstem engorgement, which might lead to delayed or false diagnosis and subsequent improper management.

Methods: On July 2th, 2019, a systematic search was conducted in the PubMed database for patients with intracranial DAVFs complicated with brainstem engorgement.

Results: Sixty-eight articles reporting of 86 patients were included for final analysis. The patients were aged from 20 to 76 years (57.10 ± 12.90, n = 82). The female to male ratio was 0.68 (35:51). Thirty-three (40.2%, 33/82) patients were initially misdiagnosed as other diseases. The specific location distributions were cranio-cervical junction, cavernous sinus, superior petrosal sinus, transverse and/or sigmoid sinus, tentorium, and other sites in 27 (32.5%), 11 (13.2%), 9 (10.8%), 10 (12.0%), 21 (25.3%), and 5 (6.0%) patients, respectively. The Cognard classification of DAVFs were II, III, IV, and V in 9 (10.7%, 9/84), 1 (1.2%, 1/84), 1 (1.2%, 1/84), and 73 (86.9%, 73/84) patients. Eighteen (22%, 18/82) patients were demonstrated to have stenosis or occlusion of the draining system distal to the fistula points. The mean follow-up period was 7.86 (n = 74, range 0–60 months) months. Fifty-four (70.1%, 54/77) patients experienced a good recovery according to the mRS score.

Conclusions: Intracranial DAVFs complicated with brainstem engorgement are rare entities. Initial misdiagnosis and delayed definite diagnosis are common in the past three decades. The treatment outcome is still unsatisfactory at present. Early awareness of this rare entity and efficiently utilizing the up to date investigations are of utmost importance.

Keywords: dural arteriovenous fistula, brainstem engorgement, transarterial embolization, transvenous embolization, open surgery


INTRODUCTION

Dural arteriovenous fistula (DAVF) is a unique subtype of vascular malformations along the central nervous system, which is characterized by abnormal connections between meningeal/pial arteries and dural venous sinuses, meningeal veins, or cortical veins. The estimated detection rate was 0.29 per 100,000 persons per year according to a Japanese survey published in 2016 (1). In rare circumstances, patients with intracranial DAVFs could be complicated with brainstem engorgement, which might lead to delayed or false diagnosis and subsequent improper management (2–4). An illustrate case of intracranial DAVF with brainstem engorgement was presented in Figure 1. As a result of its rarity in occurrence, large case series in a single center is extremely hard to be anticipated. In order to explore the epidemiological, clinical, imaging, and prognostic characteristics of this specific entity, we conducted a systematic review of the literature.


[image: Figure 1]
FIGURE 1. (A) A 35-years-old female was admitted for 3-days history of headache and vomiting. MRI on FLAIR sequence reveals a hyperintense left cerebellar lesion (white circle) with the adjacent brainstem involvement. Besides, vascular flow voids are also noted at the posterior fossa. (B) CTA shows an abnormally enlarged vein (asterisk) draining from the cerebellar surface to the brainstem. And some enlarged veins (ellipse) around the brainstem are also noted. (C) MIP of CTA shows the enlarged draining veins in the cerebellum (ellipse) and around the brainstem (asterisks). (D) Angiogram of the left ECA in lateral view shows a DAVF supplied by the MMA (asterisk) and OA and drained to the deep veins via an enlarged superficial vein (arrow). (E) Angiogram in late arterial phase shows the deep veins (arrow) around the brainstem. (F) Angiogram of the left ECA in anteroposterior view shows enlarged veins in the left cerebellar hemisphere. The ellipse indicates the midline veins. (G) Unsubtracted angiogram shows the DAVF is embolized with Onyx (ellipse) via the MMA (asterisk). (H) Follow-up MRA 1 month postoperatively shows disappearance of the DAVF. (I) Follow-up MRI on FLAIR sequence shows remission of the brainstem and cerebellar edema and deposition of hemosiderin (arrow). CTA, computed tomography angiography; DAVF, dural arteriovenous fistula; ECA, external carotid artery; FLAIR, fluid attenuated inversion recovery; MIP, maximum intensity projection; MMA, middle meningeal artery; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; OA, occipital artery.




METHODS

On July 2th, 2019, a systematic search was conducted in the PubMed database for patients with intracranial DAVFs complicated with brainstem engorgement. Brainstem engorgement, brain stem engorgement, brainstem edema, brainstem oedema, brain stem edema, brain stem oedema, brainstem congestion, brain stem congestion, brainstem venous congestion, brain stem venous congestion, venous congestion of brain stem, venous congestion of brainstem, myelopathy, and dural arteriovenous fistula were used as key words in relevant combinations. Articles included were: (1) of which the full text could be obtained, or (2) sufficient data could be obtained from the abstract if the full text is inaccessible. Of note, studies reporting large case series were excluded from the final analysis if sufficient description of the individual clinical information was not provided. Manual searching of the reference lists of the identified articles were also performed for additional studies. We used modified Rankin Scale (mRS) for outcome assessment. An mRS score ≤ 3 was defined as good recovery.



RESULTS

The PubMed search yielded 183 records. After a primary screening of the titles and abstracts, 97 records were excluded. After full text assessment of the 86 identified articles, 28 records were further excluded. We manually searched the reference lists of the remaining 58 articles. And 10 additional articles were identified. Finally, 68 articles reporting of 86 patients were included in the final analysis (Table 1) (2–69). The flow chart of searching strategy was presented in Figure 2. The patients were aged from 20 to 76 years (57.10 ± 12.90, n = 82). The female to male ratio was 0.68 (35:51).


Table 1. Intracranial DAVFs complicated with brainstem engorgement.
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FIGURE 2. Flow chart of the searching strategy.



Interval From Symptom Onset to Definite Diagnosis

Of the 68 cases interval from symptom onset to definite diagnosis was provided, 15 (22.1%, 15/68) patients were definitely diagnosed with intracranial DAVFs in the 1st month since symptom onset. Nineteen (28.0%, 19/68) patients were definitely diagnosed between the 2nd and 3rd months. Sixteen (23.5%, 16/68) patients were between the fourth and 6th month. Six (8.8%, 6/68) patients were between the seventh and twelfth month. Twelve (17.6%, 12/68) patients were definitely diagnosed 1 year later from symptom onset. Thirty-three (40.2%, 33/82) patients were initially misdiagnosed as other diseases.



DAVFs Characteristics

The intracranial location of DAVFs could be determined in 83 patients. The specific location distributions were anterior fossa, cranio-cervical junction, cavernous sinus, vein of Galen, occipital sinus, superior petrosal sinus, transverse/sigmoid sinus, torcular, and tentorium in 1 (1.2%), 27 (32.5%), 11 (13.2%), 1 (1.2%), 1 (1.2%), 9 (10.8%), 10 (12.0%), 2 (2.4%), and 21 (25.3%) patients, respectively (Figure 3). The Cognard classification of DAVFs were II, III, IV, and V in 9 (10.7%, 9/84), 1 (1.2%, 1/84), 1 (1.2%, 1/84), and 73 (86.9%, 73/84) patients (Figure 4). The feeding arteries were solely from the external carotid artery (ECA) in 32 (38.6%, 32/83) patients, solely from the internal carotid artery (ICA) in 14 (16.9%, 14/83) patients, solely from the vertebrobasilar artery (VBA) in 12 (14.5%, 12/83) patients, conjointly from ECA and ICA in 18 (21.7%, 18/83) patients, conjointly from ECA and VBA in 5 (6.0%, 5/83) patients, and conjointly from ECA, ICA, and VBA in 2 (2.4%, 2/83) patients.
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FIGURE 3. The specific location of intracranial DAVFs complicated with brainstem engorgement. DAVF, dural arteriovenous fistula.
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FIGURE 4. The Cognard classification of intracranial DAVFs complicated with brainstem engorgement. DAVF, dural arteriovenous fistula.




Findings on Imaging Modalities

Eighteen (22%, 18/82) patients were demonstrated to have stenosis or occlusion of the draining system distal to the fistula points during conventional angiography. The signals of the engorged brainstem were hypointense or normal on T1 weighted imaging (T1WI) of magnetic resonance imaging (MRI) in 15 (65.2%, 15/23) and 8 (34.8%, 8/23) patients, respectively. The engorged brainstem was enhanced on T1WI with different degrees in 37 (72.5%, 37/51) patients after gadolinium contrast. The signal was hyperintense in all of the 82 patients T2 weighted imaging (T2WI) sequence was provided. And the signal was also hyperintense for all of the 25 patients who had undergone fluid attenuated inversion recovery (FLAIR) sequence. The signals on diffusion weighted imaging (DWI) were heterogeneous, hyperintense, hypointense, and normal in 1 (10%), 3 (30%), 1 (10%), and 5 (50%) patients, respectively. All of the six patients showed hyperintensity on apparent diffusion coefficient (ADC) map. Besides, abnormal vascular flow voids could be identified in 69 (80.2%, 69/86) patients on MRI.



Treatment and Outcome

Forty-five (53.6%, 45/84) patients were treated solely with transarterial embolization, of which 7 (15.6%, 7/45) patients were incompletely embolized and 3 (6.7%, 3/45) patients experienced recurrence in spite of previous complete obliteration. Eight (9.5%, 8/84) patients underwent transvenous embolization, of which 1 (12.5%, 1/8) patient was incompletely embolized. Twenty-two (26.2%, 22/84) patients underwent open surgery, of which no recurrence was reported. One (1.2%, 1/84) patient underwent one-session successful stereotactic radiosurgery. Eight (9.5%, 8/84) patients were successfully treated conjointly with the endovascular and open surgical approaches. In general, the DAVFs were completely obliterated in 74 (89.2%, 74/83) patients during one hospitalization. Six (7.2%, 6/83) patients underwent retreatment. The mean follow-up period was 7.86 (n = 74, range 0–60 months) months. Fifty-four (70.1%, 54/77) patients experienced a good recovery according to the mRS score.




DISCUSSION

The pathophysiology of intracranial DAVFs is still enigmatic. Though a small proportion of the DAVFs are demonstrated to be secondary to trauma, craniotomy, infection, or dural venous thrombosis, a substantial number of them are idiopathic (70). Some authors believe that progressive stenosis or thrombosis of the dural venous sinus might be the underlying mechanism of DAVF formation (61, 70). In this review, 22% of the patients with brainstem engorgement were definitely recorded to have stenosis or occlusion of the draining system distal to the fistula points. The actual occurrence of stenosis or occlusion of the draining system might be higher, as some reports did not give a detailed description of the draining system. According to a study by Luo et al. 7 (77.8%) of the nine patients with aggressive cavernous sinus DAVFs had inferior petrous sinus occlusion or stenosis, two patients (22.2%) had compartment of inferior petrous sinus-cavernous sinus (77). Hence, progressive insufficient drainage (stenosis, occlusion, or compartment) of the draining system might play an important role in the genesis of brainstem engorgement in patients with intracranial DAVFs.

The brainstem has a complex venous draining system. In general, the veins of the brainstem can be divided into the transverse and longitudinal groups, which are named on the basis of the subdivision (mesencephalon, pons, or medulla), surface (median anterior, lateral anterior, or lateral), and the direction (transverse or longitudinal) of the brainstem drained (71). From cranial to caudal, the transverse groups are peduncular vein, posterior communicating vein, vein of pontomesencephalic sulcus, transverse pontine vein, vein of pontomedullary sulcus, and transverse medullary vein. From median to lateral, the longitudinal groups are median veins (median anterior pontomesencephalic vein, median anterior medullary vein), anterolateral veins (lateral anterior pontomesencephalic vein, lateral anterior medullary vein), and lateral veins (lateral mesencephalic vein, lateral medullary and retro-olivary veins). The veins of the transverse group have extensive anastomoses with those of the longitudinal group. Besides, the terminal end of the veins draining the brainstem and cerebellum form bridging veins that are divided into three groups: (1) a galenic group draining into the vein of Galen; (2) a petrosal group draining into the petrosal sinuses; and (3) a tentorial group draining into the sinuses converging on the torcula. Hence, DAVFs in the posterior fossa or even cavernous sinus could lead to brainstem engorgement. Venous drainage of the brainstem is presented in Figure 5.


[image: Figure 5]
FIGURE 5. Ventral (A) and dorsal (B) venous drainage of the brainstem. Ant., anterior; Bas., basilar; Br., bridging; Cer., cerebellar; Com., communicating; Inf., inferior; Lat., lateral; Med., median, medullary; Mes., mesencephalic; Ped., peduncle; Pon., pontine; Post., posterior; Sul., sulcus; Sup., superior; Trans., transverse; Trig., trigeminal; V., vein.


The diagnosis of intracranial DAVFs with brainstem engorgement is still challenging. Patients that were diagnosed with neoplasm to undergo brainstem biopsy or given corticosteroids for misdiagnosing as myelitis were not uncommonly reported (4, 51). According to our analysis, 40.2% (33/82) of the patients were initially misdiagnosed as other diseases. Of note, the rate of initial misdiagnosis did not decrease in the past three decades (Figure 6). Considering the unspecific clinical manifestations of intracranial DAVFs with brainstem engorgement, meticulous and comprehensive interpretation of the auxiliary investigations is of utmost importance.


[image: Figure 6]
FIGURE 6. The state of diagnosis and treatment of intracranial DAVFs complicated with brainstem engorgement in the past three decades.


While conventional angiography is the gold standard for definite diagnosis of intracranial DAVFs, taking good advantage of different sequences of MRI data could help screen out those patients with high suspicion. Abnormal vascular flow voids on MRI are reliable evidence highly suggestive of vascular lesions. Abnormal vascular flow voids could only be identified in 80.2% (69/86) of the patients in this survey, including those identified after repeated review of the MRI or those identified during multiple investigations of MRI after symptom aggravation. T2WI or FLAIR sequence is highly sensitive (in 100% of the patients) for the engorged brainstem but with low specificity. The signals on T1WI are so polytropic that 65.2% (15/23) of the analyzed patients presented with low hypointensity and 34.8% (8/23) of the patients were normal. The engorged brainstem was enhanced on T1WI with different degrees in 72.5% (37/51) of the patients after gadolinium contrast. DWI and ADC were rarely performed in these patients. All of the six patients with ADC map showed hyperintensity which denotes the vascular origin of brainstem edema. The signal of DWI is so variable that heterogeneous, hyper, hypo, and normal intensity could be in 1 (10%), 3 (30%), 1 (10%), and 5 (50%) of the 10 identified patients, which might reflect the different degree and duration of venous congestion around the brainstem. Furthermore, contrast-enhanced dynamic magnetic resonance angiography is more sensitive to find out occult vascular abnormalities (50, 72). T2*WI and susceptibility-weighted imaging are emerging sequences of MRI that are good at detecting fine vasculature and microbleeds (73). Hypointense signal could be noticed in the engorged brainstem on T2*WI and susceptibility-weighted imaging, for long-term venous congestion might lead to intraparenchymal microbleeding in the brainstem (57, 60). Besides, some authors also demonstrated decreased cerebral blood volume and prolongation of the mean transit time on magnetic resonance perfusion in the engorged brainstem (66). Hence, advanced MRI sequences could increase the sensitivity and specificity in differential diagnosis of lesion nature and avoid delayed treatment and unnecessary conventional angiography.

There is no consensus on the treatment option for intracranial DAVFs with brainstem engorgement. Of note, premature administration of corticosteroid could be dangerous even fatal in case of undiagnosed DAVFs with brainstem or spinal cord engorgement (74, 75). Hence, precise and comprehensive diagnosis is crucial for further treatment. The treatment should be based on the specific angioarchitecture, intracranial location, and technique availability. Generally speaking, the treatment strategies for DAVFs include open surgery, endovascular embolization, and radiotherapy. As the lag time of effect could be up to 3 years (76), radiotherapy is unsuitable for patients with brainstem engorgement. With the development of endovascular technique and materials, endovascular embolization has become the first-line choice for the majority of intracranial DAVFs (63, 70). Besides, endovascular treatment can be an adjunctive step of further open surgery. For patients with difficult arterial/venous access, incomplete fistula obliteration, recanalization after embolization, open surgery can be considered. Whereas, in patients where a transfemoral approach is impaired for the tortuosity of feeding arteries or the presence of isolated sinuses, percutaneous or intraoperative puncture of perforating arteries or draining veins and venous sinuses represent a new choice to facilitate distal access to the DAVFs (70, 77). In this review, 63.1% of the patients were treated endovascularly (transarterial or transvenous), 26.2% of the patients underwent open surgery, and 9.5% of the patients were treated conjointly with endovascular and open surgical approaches.

The prognosis of patients with DAVFs associated brainstem engorgement is still unsatisfactory, though slight increase in good recovery could be noted in the past three decades (Figure 3). Only 70% of the patients experienced a good recovery (mRS score ≤ 3). A substantial number of patients can have more or less neurological deficits. Except for the peculiar location of DAVFs, angioarchitecture, and surrounding neural structures, early diagnosis is the most important factor impacting prognosis. According to this review, correct diagnosis could be achieved in only 50% of the patients in the first 3 months after symptom onset. What's more, the rate of initial misdiagnosis did not decrease in the past three decades (Figure 3). Hence, early awareness of this rare entity and efficiently utilizing the up to date investigations are of utmost importance.



LIMITATIONS

The opinion of this review was deduced from retrospective review of the published case reports or small case series. The results would be biased by many factors. Firstly, the levels in diagnosis and treatment vary greatly between different centers. Secondly, due to the reporting customs among different authors, a lot of key information was missing. Thirdly, the mean follow-up period was only 7.86 (n = 74, range 0–60 months) months, which could impair the accuracy in outcome assessment. Of note, there were two studies reporting larger case series of DAVFs with brainstem engorgement (63, 77) that were not included in this analysis because so much information was missing according to our inclusion criteria.
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hypesthesa,  syncrome) NANM NANM obongata  IGAMMA  vein—corvical PMV il foeders stago
diopials years extending tothe embozation
wpper conval and
cod gammarknte
raciosurgery
41 Kesbegatal  6OM  Dificuty o wa/s No Tentorkm  No NANM,  Hyper  NANM NANM, Yes  Mecua MHT of the IGA Carebelr TeV  Combined TAE andComplately  Immecately No torz
@) wesks. NANM NANM obhongata Veins PV open surgery
extending tothe
hypoer cenvical
cord
@2 Patsaiceseta.  SIM  Syopeatiacks Yes(NANM)  SPS Yes NANM,  Hyper  NANM NANM,No  Mecula MHTofthe Vensaowd  TypeV  TAEWIhNBCAva Completely 6months  No o
©) anditinging of the enhanced NAnM cbongata  ICAMMA  brainstem—spinal MHT of the 1GA
fingerips/3 months extending tothe veins
upper convical
cord
43 Mtloonzo 67 Neckpan, o Tontorkam  Yes NANM,  Hypor  NANM NANM, Yos  Mocua MMA AphA, Venarund  TypeV  TAEwthOmpxvia Completey 12months YesTVE  Oor 1
eta (8 Tetrapraresis, etosal NANM NanM obbngata  andOA  brainstem—»spinal on
winary idge) extending tothe v
etentonvsoveral entie conical
days cord
4 Kmetal () 45M  Tetapraresisand Yes Tetorkem  No NANM,  Hper  Hyper Nomal No  Mecua Meringeal  CovicalPMV  TypeV  Opsnsugey  Complatey 2wesks  No 3
respiatory (Gemysinating  (petrosal enhanced NANM obhongata  branches of
distross/§ months. disease) idge) extendingtothe  biateral ICAS
wpper cenvical
oot
45 Potieretal.(06)  S8F Teuoprress,  No o Mo NANV,  Hper  NANM NANM, Yes  Meddla PMAGfthe VA C1 TweV  Cippngand  Completey Gmonths No 3
winaryretonton enhanced NANM obiongata racicuomedutary section of the
and breatting extending tothe vein venous stem
aifuity2 morths upper cervical
cord
4 Chrketd @)  49F Dysanicwih  No os No NANV,  Hper Hyper NANM, Yes  Ponsextendng MHT of the CANANM NANM  TAEtocailthe  Completey 10days  No 203
monotonal NANM NANM tothe upper DA
hypophonia and cencal cord
ataa/3 monihs
47 Ogbomaactd.  G4F  Pagparess,  No Tontorkom  No NANV,  Hpor  NANM NANM, Yes  Meddla vva v TV TAE Gomplately  Immedataly No dors
“ unsteacy gaits non-enhanced NANM obongata
menths extending tothe
upper cenical
cod
48 Kuwneta. (1)  44/F  Paraparesis, ateedYes (rainstem  SPS No NANV,  NANM Hyper NANM,No  Ponsend MMA, dural  SPS—»perimesencefjbs/  Surgial Completely  Immediately No dors
mentalstatus,  stroke) enhanced yper medulla dblongatabranch of VA vein PV discomnection by
hypopnec/ NANM cipping raining
vein
49 Clrketd.(42)  65F Teuspress,  No s Mo NANM,  Hper  NANM NANM,No  Medla MMA MHTof vensaound  TypeV  Combined TAE andCompletely _Immediately No NANM
gastoenteiis, NANM NANM cbongatacnd  halCA  brainstom—>PMY surgiod cbiteration
winary upper cenvcal
retentonvsoveral spinal cord
days
50 Mathonetal.  6OF  Progessve  No s Mo NANM,  Hper  Hyper NANM, Yes  meddla Meningeal  Dited TreV  TAEwihguova Complatey 1month  No o
@) ascending NANM NANM obongatavith  anerics of the  perimeciiry vens. A
mysopathy cenvicalspinal  posteror
associtod with oord, sutaco of the
autonomic internal caroid
aystunctonNANM artery MVA
51 Saamonetal  43M  Paaparesi, uinayNo o Mo NANV,  Hper  NANM NANM, Yes  Hypoer Meningeal  Cerebeler TV TAEwhOnx  Completey 3monhs No 0
@) rotenton, vomiting, foramen NANM NANM medula oblongatabranch from thoveing-—vonous
hiocupsNARM magrum) extendingtothe VA drainage slong the
wpper cenical medula—sPMY
ood
52 Sighetd.(5) Midde- Paopaess,  Yes(perodic  Tentorm  No NANM,  Hyper Hyper NANM, Yoo Pons,medula  MHAsofthe Permesencephalc TpeV  Opensugey  Compledy Smonths No o
ageM  urinary paralsis NANM NANM obongata  ICAS.MMA  veinand PV
retenton, extending tothe
vomiig, wpper cenical
Ncups/a months. oot
53 EBAsietd. () M Teuapmess,  No Tentorkm  No NANM,  Hyper  NANM NANM, Yos  Hypoermedula MHT of the CACarebelar TreV  Opensugey  Completey 2yews  No dors
hypaesthosia, non-enhanced NANM oblongata Veins PV
breathing extending tothe
aifcuy/10 cays wpper cenical
cod
54 Foemanetd.  SOF Telapraresis,pain, Yes (macton or CGJ No NANM,  Hyper NANM NANM, Yos  Mocula oblongataVHT of the ICAPontomosencephaipe V. Opensugery  Completey  Immedately No dors
@ wrinasy etention/3 contusion) non-enhanced NANM and entro cenvca vein—-PMV.
weeks spinal cord
55 Gossotal (15 6UM  Progessve Yo Tontorkm  No NANM,  Hpor  Hypor NANM, Yoo Pons,modula, MMA tontord Conicalspnal  TrpeV  TAEwihOnyx  Compledy TOwooks No 3
hypoer exremity  (Gullan-Bare NANM NAnM andupper  branch of CA, veins
wedknessand  syndrome) convalspine cural branches
winary retentons o10Aa
days posteror
auouar artery
s S Progessve  Yes(ransverse TSSS  No NANM,  Hyper  Hyper NANM, Yes  Banstemand  OA SPS—petiosalvenTypeV  TAEwithOnyx  Completely 3months  No 0
extremity myeits) NANM NANM convcomedilary and meddary
weakness/1 week junction vein-sarterior
spinalvein and
convcomedulary
ven
S7 Wuetal.(49)  46F Paopaess,  YesGransem COJ  No NAN, partl Hyper  Hyper NANM, Yes  Pons,medula  Meringeal  Pontomesencephai@peV  TAEwithOnyx  Completely  6months  No o
verligo, vomsiting  narcion) enhancement NanM obongata.  branch from thovaing-— basalvein
and dysonagia/t racicuiar anery and antrir spinal
month oftheVA  ven
58 Hayueta.(0)  62M  Uppsrimb  NANM Tentorkm  NANM NANV,  Hper  NANM NANM, Yes  Cenicalspna  MMA Peosalveninio TypeV  Opensugey  Compleiey 18months No 2
weakness and (etrosal NANM NANM cord and meckta the antecior spinal
aifcutyin idgo) abongata veins
waking/4 months
50 64M  Mysopatny, bubar Yes (NANM)  NANM  NAINM NANV,  Hper NANM NANM, Yes  Cevicalspna NANM  Spidvens  TypeV  NANM ANV NANM NANM 3
palsyNANM heterogencously NANM cord and medita
enhancod obongata
60 6aM  Myskpathy,  NANM NANM NANM NANM,  Hyper NANM NANM, Yos  Conicalspinal  AphA AterorspnalvensTypeV  Opensugery  NANM  NANM NANM 4
respiatory non-enhanced NANM cord and mecka
falureNANM obiongata
61 Roozotal(s)  76M Naweaand  Yesfranstm OCV  No NANM,  Hyper  Hper NANM, Yoo Pontomedulary MMAAMA, Latoalmodulary TypoV  TAEwihOnyxvia Complotay 10months Yoslcombined2
vomiting, nabity toglomaor  (Posterior enhanced NN juncton. PAA @G OA intothe anterior MMA, ADhA, PAA encovascuiar
wak, and bured ymphoma)  fuguier exeningto perimecuilary/parispinal iaOR and
visor8 months. foramen) nfrior corsbolar voins surgial
pecuncie approach
62 Loetal(2)  36M  Headache, Yos franstem Tentorim  No. Noma,  Hyper Hyper NANM, Yes  Medula MWAS AChA, SPRIPMY  TypeV  TAEWIhNBGA Completdy Tyer  No o
hypoosthesia,  gioma) (petrosal punctiom NANM obiongata interal
vomitig, ataxa/2 pex enhancement ey atery
months.
63 Avaroctd. (53 69M  Nausea, vomiting, Yes fencephaltsTentorium  No. NANM,  Hyper  Hper Nomd, No  Ponsand MVA, anteror Vonsofthe  TypV  Combined TAE andCompletely  Smonths  No o
paraparesisNAINM (etosal ennanced hyper medla oblongatainferior cersbeto-pontine cip and coagulate
*ige) cerebelr ateryangle —veins the drairing ven
aroundthe.
branstem-»spinal
PV
64 Popetal (5 G8M  Soaure, tetraplegia,Yos. o N Low, Hper  Hyper NANM,Yes  Medula OAAPM  Batectiondl  TypoV  TAEwihOnyxvia Completely Gmonths  No 3
respiatory (GutainBare  (oramen ponenhanced NANM obiongata drainage to cortical oA
difcuty/1 month  syndrome)  magrm) extending tothe temporalvein and
entro conveal spinalveins
cord
65 Abudetal. (59 66F Tewaparesst  No ss No NANM,  Hyper  NANM NANM, Yes  Medula on Cerebellr cortical TypeV TAEwith Onyxvia Completely  Smoriths  No. o
month pon-enhancod NANM obiongata vonous on
extending tothe drinage—PMV
upper cenical
cord
6 Abdesadgeral.  65F Tetaparess,  No o ves NANM,  Hyper  Hper NANMNo  Medua MHToftho  SPS— branstom TypeV  TAE Completey Smonths  No 3
© aizziness, uination NANM Hyper obongata I MMA,  and cervcal PMV
difcuty/soveral extending tothe
days upper cenical
cord
67 Enckizonootal.  SOSF Tetwpaross,  No o Mo NANM,  Hyper  NANM NANM, Yo Modua Mengoal  Anodorad  TypeV  Opensugey  Completdy NANM  No NaNM
6 numbnoss of mbs, NARM NANM obiongata  branch rom theposterr spinal
winaton dfulty/t extendingtothe  raciuar atery veins
month upperthoracc  ofthe VA
cord
6 COSM Tetaparess,  No Tentorim  No NANM,  Hyper  NANM NANM, Yes  Medula MHTofthe  Petrosal TeV  Opensugey  Completdy NANM  No NaM
numbness of imbs, NANM AN oblongata  ICA,MMA,  vein-sveins around
winaton dfculy/T exendnglothe accessory  the
months. upperthoracic  meringeal  braistem—»PMY
cord anery
69 6OSM Tetaparess,  No Tentorim  No NANM,  Hyper  NANM NANM, Yo Meda A Petrosal TeV  Combined TAE aniCompletey NANM  No NANM
numnass o imbs, NANM NANM obiongata veinrvains arouncd cip the drainng
respiratory extending tothe the vein
aificuity/2 months entie cenvcal branstem-sPMY
cord
70 Tonkaotal(55) 64M Pampaess,  No Occpital Yes NANM,  Hyper NANM NANM, No  Medula PMASofthe  Occiptal TpeV  TAEwihOnyxvia Completey Smonths  No 2
blacder sinus NARM NANM obongata Vhs sinusanterior PMAS of the VAs
aysfuncionsNANM extending tothe spinalvein
upper cenical
cord
7 Emmeretd. (69 G5M  Eyemovement  Yestumo) OO No NANM,  Hyper  Hper NANM Yes  Meda PMAOftheVA Cerebelarvein  Typoll  TAE with NBCA via Completely  Immecsately No sors
abnomatis, imb heterogenacusly NN otiongata and PiA
‘weakness, and gait enbanced cerebelum
instabiity2 years
72 Duneta. (&)  67F Pampaess,  Yoslranstem SPS  No NANM,  Hyper Hper Hpo, No  Cocbokmand MMAOA  SPSWPMV TV  TAE Completey  Immadately No dors
headacheand  tumon) partialy NANM pons
progressive ennanced
Corfusion1 month
73 Ghenetal.(67)  25F  Paresihesizsand  Yes (encephalts Posterior  No. NANM,  Hyper  NANM NANM, Yos  PonstoC2C3  Postercr  Anterirspinalvein TypeV  TAE Completely NANM Mo NaNM
paraysis of hypoer andmyeity)  fossa enhanced AN meningeal
oxtromt, branch of VA
ayspnea/several
days
74 Bmadetal.  G5M  Progressveatada, Yesgioma)  OGJ  No NANM,  Hyper NANM NANM, Yes  Meduaad  Branchesof Cerebelar TpeV  Opensugey  Completdy fmonth  No o
) ‘swalypcing dnomalrders, enhanced NN hyporcanical  AphA madulary ven
ang biateral cord (white amonhead)
tanitus's months reaching
perimeckiary vons
75 Zangetal () UM Pogessve  Yos (ransverse Tentorkm  No NANM, patchyHyper  NANM NARM, Yos  Medula MHTGOIICA  PermedularyvensTypeV  TAEwihOnyx  Completey Tmonth  No 2
weaknass ofthe  myelt) ennancemant NN otiongata and
hypoer extenites cenvialspinal
and gat cord
dituroance’2
months
76 Uietal. (69) S4F  Umbwedvess  No Tertorm  No NANM,non- Hyper  NANM NANM, Yes  Medula MHTOIICA  Mecarylothe TypeV  Opensugey  Completey Tmonth  No 1
and sphincter (potrosal enhanced NANM oblongata and parimoclry
aystuncton20 apen) envicalspinal
days cord
77 Wangetal (54 55M  Numbnessofthe No o Mo NANM, patchyHyper  Hyper Hyper, Yo Ponstomedula OAoftheVA SSandcorcal Typells  TAEwihOnyxvia Completey  Immadately No s
mb, gat enhancement NANM obiongata venous drainage oA
distubanco and
CoughNANM
7 SIM  Tetapraress,  No o Mo Lownon-  Hyper  Hyper Noma, Yes  Medula Dualbranch of Posterr spinal  TypeV Goaguiaing and  Completely  Immecately No sors
hypaesthesia, ennanced NANM obongata VA veins cutting craining
swaypoing veins
aifiuity/2 months
79 Taahashiotdl  64M Tetwparss,  No o Mo NANM,  Hyper  NANM NANM, Yes  Medula OAAPRA  Anterior spinalvein TypeV  TAE Completey  2montns No 3
© respiatory fakure/S NANM NNV obiongata
months.
8 Copslanetdl.  S9M  Dizness, nausea, No w5 Mo NANM, G Hyper  Hper Mid  Yes  Meda MMA.OA,  Petrosal TeV  Combinatinof  Completey yeas  No Tor2
= and vomitng, patchy. hyper obongata  AphA VPV endovascuar
vertigo/s wcks enbancement hyper extonding tothe embolization and
upper conical surgical resection
cord
81 72M  Suredspeech,  No Mo NANM,  Hyper  NANM NANM, Yo Meda AohA Anteror concylar TypoV TAEWih Onyxvia Completely  Smonths  No 1oz
and dysphager (antrior enhanced NANM obiongata and vein,petrosal vein AonA
months. condar cercbellr andPy
vein) focouus
82 WE Pogessie Mo EY NANM, midy Hyper  NANM NANM, Yes  Medula on SPSSPMV  TypeV  TAEWmOmx  Complotey months  No 2
unsteady gaitand ennanced NANM obiongata
pareparcsi/t
month
& 6AM  Terpaesss  Yes(ansverso SPS No NANM,  Hyper NANM NANM, Yes  Medula MHTofICA,  PMV TpeV  TAEandsugcdl Completey 12months No dors
months. myelts) ennanced NANM obongata OA resecton
extending tothe
upper conical
cord
84 Rodrguezetal. 681 Progressive hypoer No Tertorim  No NANM,  NANM NANM NANM, No  Gervicomedulary PMA Dolendvental TypeV  TAEWInSO%  Incompletey NANM  Yesiopen 3
©n extromity NANM NN junctionto 7 perimechiary vens ethancl surgery
weaknass NANM
8 Snmzvetal.  75M Paspaess,  No Anteror  Yes NANM,  Hjper NANM NANM, Yes  Cersbelumand Antedor  Offactory TreV  Opensugery  Completey 2months  No sors
©8 ypaesthesia crarial fossa NANM NANM hypoerpons  elhmoidal  vein-rbasal vein of
urinary retention/s extendng totheartery Rosorihal-»voins
monts upper cenveal around he
cord brinstem-+PMY
8 Cheneta.(69  66M Dazzinesstuncal Yes(MANM) CCJ Mo NANM,  Hper  NANM Nomd, Yes  Hypoer pons and OA meningeal PV, reflxinto  TypeV  TAEWIROmx  Complelely  Smonths  No 1oz
atai, impaired partaly hyper medula oblongatabranch of VA veins arounditho
vt month enhanced bainstem

CCJ, cranio-cervical junction; CS, cavemous sius; DAV, dural arteriovenous fistula; ECA, external carotid artery; F, femae; ICA, intemal carotic artery; M, male; MHT, meningohypophysal trunk; MMA, middlle meningeal; AphA, ascending
pharyngeal artery; VA, vertebral artery; MRI, magnetic resonance imaging; mRS, modified Rankin scale; NAVNM, not applicable/not mentioned; NBGA, N-butyl-2-cyanoacrylate; NMB, neuromeningeal branch; OA, occipital artery; PAA,
posterior auricular artery; PMA, posterior meningeal artery; PMV, perimedulary vein; PVA, polyvinyl alcohol; SPS, superior petrosal sinus; SS, sigmoid sinus; TAE, transarterial embolization; TS, transverse sinus; TVE, transvenous
embolization; VA, vertebral artery.
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