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Introduction

Although the association of developmental venous anomalies (DVAs) with cavernous malformations is well documented, the association with arteriovenous malformations (AVM) is unusual. The aim is herein to report an additional case and to review the concepts associated to these mixed malformations in order to guide patient management.

Methods

A case of AVM associated with a DVA was identified and a literature review was performed according to PRISMA guidelines.

Case report

In an 18-year-old man presented with sub-acute headache but with a normal neurological examination, the MRI-scan showed a right occipital DVA associated with hemosiderin spots evocative of earlier asymptomatic bleedings. The Digital Subtraction Angiography revealed a right parieto-occipital Spetzler-Martin Grade III AVM, fed by branches from the right middle and posterior cerebral arteries, with a superficial drainage flowing into a DVA that then joined the superior sagittal sinus. Multistep embolization was performed, leading to a partial reduction of the nidus, but preserving the DVA permeability.

After a six-year follow-up. bleeding did not recur and the MRI aspect of the malformation was perfectly stable.

Conclusion

The co-occurrence of a DVA and an AVM is rare but has a higher bleeding risk than AVM alone (69% vs 38%) and must consequently be suspected when a DVA is revealed by a haemorrhage, in the absence of associated cavernoma. These mixed malformations represent a therapeutic challenge which has to be tailored to the venous anatomy and to the malformation Spetzler-Martin grade. DVA permeability should be preserved to avoid deleterious venous infarction.

Abbreviations:

-DVA = Developmental venous anomalies -AVM = ArterioVenous malformations Funding sources: None

Introduction

Developmental venous anomalies (DVAs) are congenital variations in normal venous drainage, consisting of radially arranged dilated medullary veins, converging centripetally into an enlarged transcortical or subependymal collector vein. [START_REF] Sarwar | Intracerebral venous angioma. Case report and review[END_REF][START_REF] Lasjaunias | Developmental venous anomalies (DVA): the socalled venous angioma[END_REF] With an overall incidence of 2% to 4%, they represent one of the four most common subgroups of cerebrovascular malformations described by McCormick. [START_REF] Sarwar | Intracerebral venous angioma. Case report and review[END_REF][START_REF] Mccormick | The pathology of vascular ("arteriovenous") malformations[END_REF][START_REF] Erdem | Developmental venous anomaly coexisting with a true arteriovenous malformation: a rare clinical entity[END_REF] It is well accepted that they follow a benign clinical course [START_REF] Sarwar | Intracerebral venous angioma. Case report and review[END_REF][START_REF] Mclaughlin | The prospective natural history of cerebral venous malformations[END_REF][START_REF] Aoki | Developmental Venous Anomaly: Benign or Not Benign[END_REF][START_REF] Mooney | Developmental venous anomalies[END_REF][START_REF] Rinaldo | Symptomatic developmental venous anomalies[END_REF] since annual bleeding rate is close to 0.2% and is asymptomatic in 50% of cases. [START_REF] Lasjaunias | Developmental venous anomalies (DVA): the socalled venous angioma[END_REF][START_REF] Mclaughlin | The prospective natural history of cerebral venous malformations[END_REF] Nevertheless, under specific circumstances, notably in case of coexisting cerebrovascular malformation [START_REF] Aoki | Developmental Venous Anomaly: Benign or Not Benign[END_REF][START_REF] Cabanes | Cerebral venous angiomas[END_REF][START_REF] Garner | The natural history of intracranial venous angiomas[END_REF][START_REF] Rammos | Developmental venous anomalies: current concepts and implications for management[END_REF], DVAs can become symptomatic [START_REF] Pereira | Pathomechanisms of symptomatic developmental venous anomalies[END_REF]. Although their association with cavernomas is well documented [START_REF] Aoki | Developmental Venous Anomaly: Benign or Not Benign[END_REF][START_REF] Rammos | Developmental venous anomalies: current concepts and implications for management[END_REF][START_REF] Perrini | The association of venous developmental anomalies and cavernous malformations: pathophysiological, diagnostic, and surgical considerations[END_REF][START_REF] Rigamonti | The association of venous and cavernous malformations. Report of four cases and discussion of the pathophysiological, diagnostic, and therapeutic implications[END_REF], their co-occurence with arteriovenous malformations (AVM) is unusual. The aim is herein to report an additional case and to review the current concepts associated to these mixed malformations in order to guide patient management.

Methods

A case of AVM associated with a DVA was locally identified. A literature review was performed according to the PRISMA guidelines [START_REF] Moher | Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement[END_REF]. English language studies reporting cases of AVM associated with a DVA were searched in the Medline electronic database from January 1980 until March 2019. The keywords used were "arteriovenous malformation AND developmental anomaly", "arteriovenous malformation AND venous angioma", "arteriovenous malformation AND venous malformation", "arteriovenous malformation associated to a developmental venous anomaly" and, "AVM AND DVA". The selected articles consisted of case reports or small series. The references of these articles were also examined in order to identify additional cases. Totally, 17 articles, representing 25 cases, were studied (Figure 1).

Case report

History and examination

An 18-year-old man, presented with sub-acute headache. The neurological examination, including visual field testing, was normal.

Radiological findings

The MRI-scan showed a right parieto-occipital DVA (Figure 2A, 2B) associated with hemosiderin spots, evocative of earlier asymptomatic bleedings. As there were no argument for an associated cavernoma on the MRI-scan, the presence of an underlying AVM was highly suspected (Figure 2C).

The digital subtraction angiography revealed a true right parieto-occipital Spetzler-Martin Grade III AVM, fed by branches from the right middle and posterior cerebral arteries, with a superficial drainage flowing into the venous developmental anomaly that then joined a cortical vein flowing into the superior sagittal sinus. The nidus was diffusely included in the caput medusae (Figure 3).

Management

Given the patient young age and evidence of earlier bleeding, a therapeutic indication was planned, in order to prevent recurrent haemorrhage. Surgery and radiosurgery were not primary chosen, considering the volume of the MAV and the risk of DVA occlusion. Two focused embolization steps were performed; the first with onyx and the second, 3 months later, with glue. A partial reduction of the nidus was achieved. There was a delayed filling of the veins but the DVA remained permeable (Figure 4).

Post-embolization course

A complementary surgery was proposed, in order to completely eradicate the AVM and to prevent bleeding recurrence. After receiving information concerning the risk of DVA obliteration, independently of the treatment modality, the risk of neurological impairment and the bad-known natural history of these mixed malformations, the patient accepted neither to be operated on nor to undergo additional embolization or radiosurgery. An annual clinical and radiological (MRI-scan) follow-up was performed. After six years, bleeding did not recur.

The frequency and intensity of headaches were reduced, no visual field impairment was noted and the MRI aspect of the malformation was perfectly stable. In accordance with the patient, it was decided, that, in case of clinical or radiological modification, an angiography would be planned and, a new treatment step discussed.

The patient signed informed consent regarding publication of these data, including MRI and digital subtraction angiography pictures.

Discussion

Pathogenesis

Although the development of AVM or cavernoma during lifetime in a patient with a pre-existing DVA has been documented [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF], the pathogenesis remains uncertain. It has been previously postulated that dural fistula may result from dural sinus thrombosis. [START_REF] Wilson | Occlusive hyperemia: a new way to think about an old problem[END_REF][START_REF] Nussbaum | The pathogenesis of arteriovenous malformations: insights provided by a case of multiple arteriovenous malformations developing in relation to a developmental venous anomaly[END_REF][START_REF] Mullan | Embryological basis of some aspects of cerebral vascular fistulas and malformations[END_REF] By analogy, according to the main hypothesis, the occurrence of a transient or sustained venous hypertension within the DVA, resulting from venous outflow restriction or partial thrombosis of one of the DVA radicles [START_REF] Wilson | Occlusive hyperemia: a new way to think about an old problem[END_REF], may have several consequences. On the one hand, microhaemorrhages from the fragile vessel walls of DVA may induce local reactive angiogenic proliferation [START_REF] Rammos | Developmental venous anomalies: current concepts and implications for management[END_REF][START_REF] Awad | Mixed vascular malformations of the brain: clinical and pathogenetic considerations[END_REF], explaining cavernoma genesis. Of note, it has recently been highlighted that the prevalence of DVA in patients with diffuse glioma is high, raising the question of a causal relationship in which DVA could induce gliomagenesis. [START_REF] Roux | Developmental venous anomaly in adult patients with diffuse glioma: A clinically relevant coexistence?[END_REF] On the other hand, there may be a retrograde capillary dilatation with opening of pre-existing arteriovenous anastomosis that can enlarge over time. [START_REF] Nussbaum | The pathogenesis of arteriovenous malformations: insights provided by a case of multiple arteriovenous malformations developing in relation to a developmental venous anomaly[END_REF][START_REF] Komiyama Null | Venous angiomas with arteriovenous shunts: report of three cases and review of the literature[END_REF][START_REF] Huang | Cerebral venous malformations and a new classification of cerebral vascular malformations[END_REF][START_REF] Terada | Development of acquired arteriovenous fistulas in rats due to venous hypertension[END_REF] Depending upon the degree and extent of the retrograde vascular involvement, some authors distinguish DVA with AVM from DVA with arterio-venous shunt, the former exhibiting enlarged feeding arteries with more rapid drainage through multiple venous channels and the latter simply consisting in trans-cerebral drainage without deep or superficial connecting venous segments. [START_REF] Mullan | Embryological basis of some aspects of cerebral vascular fistulas and malformations[END_REF][START_REF] Komiyama Null | Venous angiomas with arteriovenous shunts: report of three cases and review of the literature[END_REF][START_REF] Mullan | Cerebral venous malformationarteriovenous malformation transition forms[END_REF] For other authors, these mixed malformations correspond to the same entity referred to as "arterialized venous anomaly". [START_REF] Awad | Mixed vascular malformations of the brain: clinical and pathogenetic considerations[END_REF] 

Clinical characteristics

Since 1984, including this one, 26 cases of DVA coexisting with a AVM have been reported and wider series pool 3 cases. [START_REF] Erdem | Developmental venous anomaly coexisting with a true arteriovenous malformation: a rare clinical entity[END_REF][START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Nussbaum | The pathogenesis of arteriovenous malformations: insights provided by a case of multiple arteriovenous malformations developing in relation to a developmental venous anomaly[END_REF][START_REF] Komiyama Null | Venous angiomas with arteriovenous shunts: report of three cases and review of the literature[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Hodel | Susceptibilityweighted angiography for the detection of high-flow intracranial vascular lesions: preliminary study[END_REF][START_REF] Fok | Spontaneous intracerebral hemorrhage caused by an unusual association of developmental venous anomaly and arteriovenous malformation[END_REF][START_REF] Yanaka | Venous malformation serving as the draining vein of an adjoining arteriovenous malformation. Case report and review of the literature[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF][START_REF] Rasulić | Developmental Venous Anomaly Serving as a Draining Vein of Brain Arteriovenous Malformation[END_REF] The analysis of a pooled series of 22 cases performed by Zhang et al [START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF] and data related to three additional cases [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF][START_REF] Rasulić | Developmental Venous Anomaly Serving as a Draining Vein of Brain Arteriovenous Malformation[END_REF] are summarized in Table 1. Consistently with the characteristics of the case reported herein, these malformations mainly concern young adults with a mean age at diagnosis of 31 years. Their location is more frequently supra-tentorial but cerebellar forms exist (19% of cases). The arterial feeders originate more frequently from the anterior circulation and the venous drainage is superficial in 75% of cases.

Although the co-occurrence of a DVA and an AVM is rare, this association must be suspected when a DVA is revealed by a haemorrhage [START_REF] Millán Ruíz | Cerebral developmental venous anomalies[END_REF], especially when there is no evidence for an underlying cavernoma. Radiologic signs of bleeding were indeed evidenced at diagnosis in this patient and globally in 18/26 of cases (69%). [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF][START_REF] Rasulić | Developmental Venous Anomaly Serving as a Draining Vein of Brain Arteriovenous Malformation[END_REF] As illustrated in Figure 2C, the analysis of Star-Weighted Angiography (SWAN) sequences is important as high-flow vascular malformation are characterized by venous hyperintensity [START_REF] Hodel | Susceptibilityweighted angiography for the detection of high-flow intracranial vascular lesions: preliminary study[END_REF].

Subsequently, AVM associated with a DVA seems to be at a higher bleeding risk than AVM alone or than DVA with arterio-venous shunt whose global haemorrhagic prevalence is of 38% and 22.6%, respectively. [START_REF] Komiyama Null | Venous angiomas with arteriovenous shunts: report of three cases and review of the literature[END_REF][START_REF] Shakur | Relationship of Cerebral Arteriovenous Malformation Hemodynamics to Clinical Presentation, Angioarchitectural Features, and Hemorrhage[END_REF][START_REF] Da Costa | The natural history and predictive features of hemorrhage from brain arteriovenous malformations[END_REF] This increased risk may result from additional hemodynamic stress generated by the AVM in the DVA which in fine represent a fragile and slow-adapting venous drainage system vulnerable to in-and outflow alterations. [START_REF] Lasjaunias | Developmental venous anomalies (DVA): the socalled venous angioma[END_REF][START_REF] Aoki | Developmental Venous Anomaly: Benign or Not Benign[END_REF][START_REF] Pereira | Pathomechanisms of symptomatic developmental venous anomalies[END_REF][START_REF] Aksoy | Association of intracerebral venous angioma and true arteriovenous malformation: a rare, distinct entity[END_REF] Conversely, the presence of an intra-nidal aneurysm that is classically considered as a bleeding risk factor [START_REF] Shakur | Relationship of Cerebral Arteriovenous Malformation Hemodynamics to Clinical Presentation, Angioarchitectural Features, and Hemorrhage[END_REF], is rarely observed in this entity (1/26 cases). [START_REF] Fok | Spontaneous intracerebral hemorrhage caused by an unusual association of developmental venous anomaly and arteriovenous malformation[END_REF] Nevertheless, given that the overall occurrence of DVA is frequent [START_REF] Sarwar | Intracerebral venous angioma. Case report and review[END_REF][START_REF] Mccormick | The pathology of vascular ("arteriovenous") malformations[END_REF][START_REF] Erdem | Developmental venous anomaly coexisting with a true arteriovenous malformation: a rare clinical entity[END_REF], digital subtraction angiography is not routinely performed and the association with an AVM may consequently be underestimated.

It is therefore difficult to assess the real haemorrhagic risk of this association.

Management

The management of these mixed malformations is particularly challenging whatever the chosen technique. Firstly, the nidus is often not well defined. [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Awad | Mixed vascular malformations of the brain: clinical and pathogenetic considerations[END_REF] Secondly, it seems highly preferable to preserve DVA permeability in order to prevent deleterious venous infarction [START_REF] Pereira | Pathomechanisms of symptomatic developmental venous anomalies[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Oran | Developmental venous anomaly (DVA) with arterial component: a rare cause of intracranial haemorrhage[END_REF] although this obligation is debated. [START_REF] Pereira | Pathomechanisms of symptomatic developmental venous anomalies[END_REF][START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF][START_REF] Oran | Developmental venous anomaly (DVA) with arterial component: a rare cause of intracranial haemorrhage[END_REF] The DVA was completely obliterated in at least five cases, leading to venous infarction with massive haemorrhage and death in one patient, and neurologic deficit in two patient. [START_REF] Oran | Developmental venous anomaly (DVA) with arterial component: a rare cause of intracranial haemorrhage[END_REF][START_REF] Lindquist | Radiosurgery for venous angiomas[END_REF][START_REF] Meyer | Association of venous and true arteriovenous malformation: a rare entity among mixed vascular malformations of the brain. Case report[END_REF] In two recent cases, the venous sacrifice did not cause any symptoms because the malformation was located within so-called non-functional areas. However, the results of the neuro-cognitive assessment are not available and a local edema was evidenced on post-operative imaging. [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF] Moreover, in published case-reports, the follow-up duration is insufficient to certainly assess the long-term outcomes. In the case reported herein, the patient preferred not to undergo surgical resection of the residual AVM given the risk of DVA obliteration that could potentially lead to permanent visual field disorders.

Evidently, the treatment has to be tailored not only to the venous anatomy but also to the malformation Spetzler-Martin grade. Among the 25 treated cases, the obliteration of the AVM was total in 14 cases and partial in six cases. The results are unknown in the remaining cases. [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Li | Hybrid surgery for an arteriovenous malformation fed by an accessory middle cerebral artery and drained by a developmental venous anomaly: A case report and literature review[END_REF] Stereotactic radiosurgery and surgical removal were performed in seven and six cases, respectively. [START_REF] Pilipenko | Formation During Lifetime of Arteriovenous Shunt in Developmental Venous Anomaly That Caused Intracerebral Hemorrhage[END_REF][START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF][START_REF] Rasulić | Developmental Venous Anomaly Serving as a Draining Vein of Brain Arteriovenous Malformation[END_REF] The management was multimodal in five cases. [START_REF] Zhang | Management of Arteriovenous Malformations Associated with Developmental Venous Anomalies: A Literature Review and Report of 2 Cases[END_REF] Onestep embolization was performed alone or associated to another therapeutic modality in four and three cases, respectively, with an overall AVM obliteration rate of 83.3%. Multi-step embolization was performed in four cases (alone or with stereotactic radiosurgery), resulting in complete obliteration in one case and partial obliteration in three cases, with no reported bleeding recurrence. Although partial obliteration could be able to modify hemodynamic constraints within the DVA, only total nidus obliteration reliably prevents long-term rebleeding.

Conclusion

DVA and AVM are rarely associated. However, such a mixed malformation has to be suspected when a DVA is surrounded by hemosiderin spots, with no evidence for an underlying cavernoma. These mixed malformations represent a therapeutic challenge which may totally eradicate the nidus but also preserve DVA permeability in order to avoid neurological morbidity. Multistep embolization could constitute an interesting option for most difficult cases. 
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 4 Figure 4: Post-embolization arteriography dataThe control digital subtraction angiography performed after multi-step embolization, in lateral incidence, shows a delayed filling of the DVA that nonetheless remains permeable. The embolization cast is included into the radicles of the developmental venous anomaly, as indicated by the red asterisk

  

  

posterior circulation 12/16 75% superficial Not available 7 SRS 7 Embolization 6 Surgical 5 Multimodal 1 Conservative 5/22 + 1 DVA irradiation 14/21 (67%) 20/22 stable or improved outcomeTable 1 : Summary of the cases previously published

 1 

		Sex and age	Initial hemorrhage	AVM site	Arterial feeders	Draining veins	Spetzler Matin grade	Treatment	DVA obliteration	AVM obliteration	Clinical Outcomes
	Present case	M, 17 yo	Yes	Parieto-occipital	MCA	SSS	III	Multistep embolization	No	Partial	Asymptomatic (except headaches)
	Pilipenko, 2018 16	F, 10 yo	Yes	Frontal	MCA	SSS	Not available	Surgical	Yes	Complete	Asymptomatic
	Li, 2018 30	F, 47 yo	Yes	Fronto-insular	MCA, AMCA	SSS	Not available	Surgical	Yes	Complete	Asymptomatic
	Rasulic, 2017 31	M, 70 yo	No	Frontal	MCA	SSS	I	Conservative	No	No	Asymptomatic
				32% parietal							
				32% frontal	36% MCA			7 SRS			16/18 stable or
	Zhang, 2017 26	22 cases 12M/10F, 30 yo*	15/22 (68%)	23% cerebellar 18%	45% ACA 27% posterior	8/12 66.6% superficial	Not available	6 Embolization 4 Surgical	3/22 + 1 DVA irradiation	12/18 (67%)	improved outcome 2 hemorrhagic
				temporal	circulation			5 Multimodal			complications
				31%							
				parietal	46%						
				38%	MCA						
	Overall	14M/12F 31 yo*	18/26 (69%)	frontal 19%	38% ACA 23%						
				cerebellar							
				15%							
				temporal							
	ACA = Anterior Cerebral Artery, AMCA = Accessory Middle Cerebral Artery, MCA = Middle Cerebral Artery, SRS = Stereotactic Radio-
	Surgery, SSS = Superior Sagittal Sinus, yo = year-old, * indicates the mean age