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Background: Basal ganglia and thalamic arteriovenous malformations (AVMs) represent a special subset of malformations. Due to the involvement of vital brain structures and the specifically fine and delicate angioarchitecture of these lesions, it presents unique therapeutic challenges and technical difficulties that require thorough treatment planning, individualized treatment strategies, and advanced techniques for good clinical outcome.

Method: In this study, we presented a series of ruptured basal ganglia and thalamic AVMs embolized via a transarterial, transvenous or combined approach. Herein, we summarized our treatment experience and clinical outcomes to further evaluate the effectiveness and safety of endovascular embolization for these AVMs as well as the indications, therapy strategies, and techniques of embolization procedures.

Results: Twelve patients with basal ganglia and thalamus AVMs were included in the study. Their average age was 23.83 ± 16.51 years (range, 4–57 years) with a female predominance of 67% at presentation. The AVMs were located in the thalamus in 3 (25%) patients, in the basal ganglia in 3 (25%) patients, and in both sites of the brain in 6 (50%) patients. There were 5 AVMs located on the left side and 7 on the right. The mean nidus diameter was 3.32 ± 1.43 cm (range 1.3–6.1 cm). According to the Spetzler-Martin grading classification, 4 (33.3%) brain AVMs were Grade III, 7 (58.3%) were Grade IV, and 1 (8.3%) was Grade V. All of them presented with bleeding at admission: four of these patients presented with an intracerebral hemorrhage (ICH), 8 ICH in combination with intraventricular hemorrhage (IVH), and no patient with subarachnoid hemorrhage (SAH). Among these patients treated with endovascular embolization, 7 patients were treated by the transarterial approach, 4 patients transvenous approach, and 1 patient underwent the combined approach. A single embolization procedure was performed in 6 patients (50%) and the other 6 cases (50%) were treated in a staged manner with up to three procedures. Procedure-related complications occurred only in two patient (16.7%). Complete AVM obliteration was obtained in 7 patients (58.3%), and partial obliteration was in 4 patients (33.3%). Overall, good or excellent outcomes were obtained in 7 patients (58.3%), and poor functional outcome was observed in 5 patients (41.7%) at the last follow-up. All survived patients achieved anatomic stabilization and there was no postoperative bleeding or recurrence in the follow-up.

Conclusion: The management of the basal ganglia and thalamic AVMs is a great challenge, which needs multimodal individualized treatment to improve the chances of radiographic cure and good outcomes. Endovascular therapy is safe and effective in the treatment of cerebral AVMs particularly for deep-seated AVMs such as the basal ganglia and thalamus. Our results demonstrate a high rate of anatomic obliteration with an acceptable rate of complications in the endovascular treatment of these vasculopathies via a transarterial approach or a transvenous approach.
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Introduction

AVM incidence is 0.69–1.32 per 100,000 person-years (1) in that basal ganglia and thalamic AVMs constitute 4 to 11% of all AVMs (2). Deep-seated AVMs often involve important structures such as the basal ganglia and thalamus have a higher annual bleeding rate, morbidity, and mortality risk than superficial AVMs (3, 4) with an annual hemorrhage rate of approximately 9.8%, nearly three- to four-fold greater than that observed for patients with AVMs in all other locations (3). Once an AVM in the basal ganglia or thalamus ruptures, it can lead to catastrophic consequences. Moreover, the morbidity of hemorrhages was reported to be higher for these lesions, 30 to 85.5% of the surviving patients were left with permanent neurological deficits after hemorrhage (5–7) and mortality rates may even reach 42 to 71% (5, 6, 8, 9). Given the devastating effects of hemorrhage from these lesions, the patient suffered AVM in basal ganglia and thalamic should be actively treated to avoid further bleeding.

The treatment goal of brain AVM is the elimination of the nidus and the preservation of the patient’s functional status. However, for basal ganglia and thalamic AVMs, the risk of intervention remains high, and it will add to the initial hemorrhage-related morbidity, with a rate of around 20% of bad outcomes with mRS > 2 in the surviving patients (5). There is little agreement regarding the optimal treatment modality for patients. The treatment strategies and choices are difficult and variable, due to their deep location and unknown etiology as well as the complex angioarchitecture of these lesions. Under the current circumstances, we use endovascular therapy to manage this type of refractory AVMs. The efficacy and safety of transarterial and transvenous embolization of this kind of lesions are still unascertained and the indications for basal ganglia and thalamic AVMs in patients with a history of hemorrhage must be carefully determined, because of the limited number of reports on this subject. In order to further elucidate these issues, the authors retrospectively analyzed the clinical outcomes concerning their series of basal ganglia and thalamic AVMs treated by embolization and evaluated the endovascular curability and feasibility.



Methods


Data collection

The data of baseline demographic, clinical, and angiographic informations regarding patients with a cerebral arteriovenous malformation was retrospectively collected and analyzed from 2017 to 2022. Patients with basal ganglia and thalamic AVMs treated by endovascular embolization in the first intention were included in this study. Patients with any other cerebrovascular lesions or incomplete clinical data were excluded. Among them, 12 patients with an AVM involving the basal ganglia and thalamus structures met the above criteria in our institution. Treatment strategies and choices were discussed with a multidisciplinary team including neurosurgeons and neurointerventionists. Written informed consent for our procedure was obtained from individuals or minors’ legal guardians/next of kin.

Demographic data recorded for each patient included age, sex, initial clinical presentation, and functional status. In the case of hemorrhagic presentation, the location of the bleeding was noted (subarachnoid, intraventricular, intracerebral). All patients underwent superselective DSA before the treatment to evaluate the characteristics of vascular lesions. Characteristics of the nidus (size, location, and type of nidal arteriovenous shunts or the morphology of the vascular spaces around the nidus), feeding arteries (number, origin), the extent of the AVM, and venous drainage pathways and pattern were precisely recorded. The volumetric size of the AVM nidus was assessed by the maximal diameters in each of the three orthogonal planes. Comparisons were then made between volumes before and after embolization to estimate the percentage of each AVM that had been occluded. Head CT examination was performed to confirm the presence of hematoma and MRI was used to identify the important information about the relationship of the nidus to the internal capsule, its anatomical location, and the brain edema. The Spetzler-Martin grade was also calculated in every case.



Outcome evaluation

Clinical outcome was assessed based on post-treatment angiograms and graded as complete or partial obliteration. Complete AVM cure was affirmed by the absence of any early venous drainage at DSA after endovascular treatment. Postoperative deficits were recorded, a hemorrhagic complication was confirmed by CT at the end of the procedure, and postoperative MRI was performed to evaluate ischemic lesions. Follow-up DSA was performed at 6 months after embolization. In cases of residual AVM, any further treatments and DSA checks were dealt with on a case-by-case basis. Functional status was assessed using the mRS, and the pre-treatment mRS was obtained from hospital admission physical examination. Follow-up information was obtained either by telephone interviews with the patient or family members or during a physical examination of those who were able to visit our hospital. We noted the mRS at the time of each visit and angiography. A good outcome was defined as a mRS of 0–2 at the last clinical follow-up and a bad outcome as a mRS of 3–6. Functional improvement was defined as a decrease in the mRS score from the preoperative exam to the final follow-up exam. Deterioration was likewise defined as an increase in the mRS score.



Transarterial approach

Endovascular procedures were performed using variable stiffness microcatheters under general anesthesia and systemic heparinization in a biplane angiographic unit (Figure 1). Superselective embolization of AVMs through a transfemoral route was initially performed when feeding arteries could be accessed with microcatheters, and appropriate working angles for the catheterization of the AVM’s arterial supply were recorded. The microcatheters were then used to advance the microcatheter tip as close as possible to the AVM nidus for the feeders to be filled. Once inside the nidus, permanent vessel occlusion or embolization of the AVM nidus was obtained with injection of Onyx-18 Micro Therapeutics (eV3 Inc., Irvine, California, United States) alone/ or Onyx and Glubran-2 (GEM SRL, Viareggio, Italy) into the target vessels. For patients who presented with an AVM associated with a flow-related aneurysm, treatment of the aneurysm was done first. During the injection, multiple oblique views were needed to readily recognize any inadvertent reflux from the tip of the microcatheter. As a general rule, embolization was stopped when reaching the safest volume of the AVM to be embolized. An AVM was considered cured once no early venous drainage was visible on any DSA incidence.

[image: Figure 1]

FIGURE 1
 A 4-year-old female patient presented with left limb weakness. Axial T2-weighted MRI (A) showed an AVM located in the right basal ganglia and thalamic area. Selective DSA of the right ICA in lateral (B) view and vertebral artery in lateral (C) projection unfolded an AVM supplied by the branches of posterior communicating artery and posterior cerebral artery, with a nidus measuring 1.3 cm and single deep venous drainage through the internal cerebral vein. Intraoperative road-map image of the vertebral artery in lateral (D) and AP (E) views exhibit the process of navigating to the posterior cerebral artery and the posterior communicating artery, respectively. Intraoperative nonsubtracted single shot imaging from the AP (F) view revealing the cast of Onyx (EV3, Irvine, California). After the intervention, control DSA within the right ICA in lateral (G) view and vertebral artery in lateral (H) view highlighted anatomical exclusion of nidus. Postoperative head CT (I) confirmed no intracranial hemorrhage and edema. AP, anteroposterior; AVM, arteriovenous malformation; CT, computed tomography; DSA, digital subtraction angiogram; ICA, internal carotid artery; MRI, magnetic resonance imaging.




Transvenous approach

Transvenous cerebral AVM embolization in the deep locations, with unfavorable arterial angioarchitecture is gaining more terrain recently due to the easier access to the nidus through the draining veins (Figure 2). However, the transvenous retrograde embolization of an AVM nidus requires feeder control from the arterial side. Under the guidance of the road map, the intermediate catheter was placed at a deep drainage vein, and a detachable tip microcatheter was navigated as close as possible to the initial part of primary draining vein, then another embolized microcatheter was placed near the detachable microcatheter. Its tip was positioned between the most distal marker and the detachment zone of the detachable microcatheter. A balloon was placed in the main artery in preparation for blocking the blood supply to the perforator artery. Then, coils were placed in the draining vein through the embolized microcatheter to create a plug to prevent the Onyx-18 Micro Therapeutics ([eV3 Inc., Irvine, California, United States) from refluxing and push more Onyx continuously into the nidus by detachable microcatheter in a manner of transvenous retrograde permeation. Therefore, in this way, it may effectively avoid filling arterial feeders and their branches to normal brain tissue. After treatment, control DSA was performed to confirm the anatomic resolution of the lesion.

[image: Figure 2]

FIGURE 2
 A 57-year-old male patient presented with sudden headache and acute confusion of consciousness, who was performed emergency external ventricular drainage, and, 4 weeks later, the AVM was embolized by using the TVA. Nonenhanced CT scan in axial view (A) showed acute hematoma in right thalamus with ventricular extravasation. Three-dimensional DSA (B) revealed an AVM supplied by anterior choroidal arteries and lenticulostriate arteries with a nidus measuring 1.0 cm. Venous aneurysm is presented in the venous drainage network of AVM. The deep drainage was conducted through the superior petrosus sinuses. The fusion image of three-dimensional DSA and Xper-CT (C) better delineated the location relationship of AVM nidus. Intraoperative road-map image in lateral view exhibits a 6F SOFIA intermediate catheter (MicroVention, Tustin, California) placed at superior petrosus sinuses and a microcatheter Apollo (EV3, Irvine, California) navigated as close as possible to the initial part of primary draining vein (D), then another microcatheter Headway Duo (MicroVention, Tustin, California) was placed to near the Apollo. Its tip was positioned between the most distal marker and the detachment zone of the Apollo. A ScepterC balloon (E) was placed in the right middle cerebral artery in preparation for blocking the blood supply to the perforator artery. Then, coils were placed in the draining vein through the Headway Duo microcatheter to create a plug (F). Intraoperative nonsubtracted single shot in AP (G) view showing the cast of Onyx (EV3, Irvine, California). After treatment, control DSA of the right ICA in lateral (H) view confirmed anatomic resolution of the lesion. Postoperative head CT (I) confirmed no intracranial hemorrhage and edema. AP, anteroposterior; AVM, arteriovenous malformation; CT, computed tomography; DSA, digital subtraction angiogram; ICA, internal carotid artery; TVA, transvenous approach.




Statistical analysis

All statistical analyses were performed with the standard software (SPSS v23; SPSS, Chicago, IL). Continuous data were expressed as mean ± standard deviation (SD). The frequencies and percentages of categorical variables are reported.




Results


Patient population

The present study consisted of 8 female and 4 male patients, 4 to 57 years of age (mean 23.83 ± 16.51). Moreover, half of the patients were under the age of 18. The AVMs were located in the thalamus in 3 (25%) patients, in the basal ganglia in 3 (25%) patients, and in both sites of the brain in 6 (50%) patients. There were 5 AVMs located on the left side, and 7 on the right. There were 4 small (0–3 cm in diameter), 7 medium (3–6 cm in diameter), and 1 large (> 6 cm in diameter) AVMs. The AVMs ranged in size from 1.3 to 6.1 cm prior to embolization, and the mean nidus diameter was 3.32 ± 1.43 cm. None of the patients had undergone prior surgery for AVM resection, the time interval between symptom onset and treatment ranged from 6 to 115 days (mean 29.17 ± 29.30). There are 3 patients treated in the acute phase within two weeks of bleeding, and 4 patients within one month, 3 patients more than one month, only one patient later after 3 months. When graded using the Spetzler-Martin classification, 4 (33.3%) were Grade III, 7 (58.3%) were Grade IV, and 1 (8.3%) was Grade V. The thalamoperforating arteries and lenticulostriate arteries were the most common sources of arterial supply and either or both were involved in supplying 12 of the AVMs. Supply from both thalamoperforating and lenticulostriate vessels was present in 6 patients. Six AVMs were fed by the anterior choroidal artery, 7 by the posterior choroidal arteries, and 2 by the perforating branches of the posterior cerebral artery. The venous drainage is done by both the superficial and the deep venous systems. All AVMs had deep venous drainage. All but 3 cases involved a single deep vein drainage, with 2 cases having multiple deep and superficial vein drainage and 1 case having multiple deep vein drainage. The deep venous drainage was through the basal vein of Rosenthal or the internal cerebral vein to the vein of Galen, or through the superior petrosal sinus to the transverse and sigmoid sinus. Superficial veins are drained through superficial middle cerebral veins or superiorly to the superior sagittal sinus. Venous aneurysm was presented in 4 patients. All of the patients presented with bleeding at admission: four of these patients presented with an ICH, 8 ICH in combination with IVH, and no patient with SAH. Patient baseline data of AVMs are listed in Table 1 and AVMs characteristics and Clinical Outcome are described in Table 2.



TABLE 1 Patient baseline data of AVMs.
[image: Table1]



TABLE 2 AVMs characteristics and clinical outcome.
[image: Table2]



Treatment

In the acute phase of intracranial bleeding, one patient suffered a large ICH in the left basal ganglia with compression of the lateral ventricle and an approximately 13 mm midline shift. He presented with disturbance of consciousness preoperatively, and then the hematoma was evacuated on an emergency basis, without aiming for the AVM nidus. After the operation, this disturbance improved. Four patients with ICH and IVH performed external ventricular drainage. After multidisciplinary discussion, all patients were treated with endovascular embolization procedures, 7 patients were treated by the transarterial approach, 4 patients transvenous approach, and 1 patient underwent the combined approach. A single embolization procedure was performed in 6 patients (50%) and the other 6 cases (50%) were treated in a staged manner with up to three procedures.



Complications and outcomes

One patient died of hemorrhage and diffuse brain swelling, and 4 patients presented with cerebral edema around the lesion after embolization via transvenous approach. One patient with basal ganglia AVM embolized via a transarterial approach developed postoperative cerebral infarction due to glue reflux. The AVMs were completely cured in 7 patients (58.3%) and partially obliterated in 4 patients (33.3%). The 4 patients with residual AVMs have now been fully treated by radiosurgery and are currently within the latency period. The MRS score improved at the time of last follow-up after treatment compared to their functional status at discharge. Overall, Good or excellent outcomes were obtained in 7 patients (58.3%), and poor functional outcome was observed in 5 patients (41.7%) at the last follow-up. Among the 6 patients with pre-operative neurological deficits, 1 patient had no change in their condition, 2 patients had improvement, 2 patients experienced postoperative neurological recovery, and 1 patient had deterioration. However, among the 6 patients whose neurological examination was normal pre-operatively, 3 patients remained unchanged, 3 patients had deterioration of their neurological function status, and one of them died. Of note, there was no postoperative bleeding or recurrence occurred during the follow-up.




Discussion

Brain AVMs are vascular abnormalities that lack a capillary bed and the blood from the supplying arteries is shunted through the nidus into the draining veins. The abnormal structure of the nidus leads to high shunt flows and drainage venous hypertension. These complex lesions located in the basal ganglia and thalamus pose great challenges and difficulties for treatment. In the first place, the clinical onset of basal ganglia and thalamic AVMs occurs mostly in children and young adults and is usually hemorrhagic. In the present series, children (<18 years) constituted of 50% patients with basal ganglia and thalamic AVMs. There is no exact explanation of this epidemiological characteristic (10). Secondly, given the functional significance of their critical location, this may predispose patients to severe neurological deficits, mainly including sensory and motor impairment. The etiopathogenesis of basal ganglia and thalamus AVMs is not well understood (11), and their natural history remains unclear (12). At present, various treatment options are available for brain AVMs, including observation, microsurgery, stereotaxic radiosurgery (SRS), endovascular therapy, or a combination of these options. However, the optimal choice of treatment for these basal ganglia and thalamic lesions has not been established. Treatment selection must be tailored on the patient’s symptoms, lesion site, size, its type, arterial feeders, venous drainage, and the Spetzler-Martin grade as well as the neurologic status of the patient. In addition, the morbidity and mortality of each treatment, and long-term outcomes must be taken into account. Given the higher risk of bleeding, poor clinical outcomes and more aggressive clinical course, early treatment of these vascular lesions is rational and paramount to prevent ICH. Here in, we reviewed our experience with AVMs in the thalamus and basal ganglia to summarize the optimal treatment options and indications.

Microsurgery is considered the first-line therapy for cortically-based or non-eloquent AVMs given the immediate elimination of hemorrhage risk (13, 14). However, the surgical management of basal ganglia and thalamus AVMs is particularly challenging, because the nidus involves vital neural structures and limited operative exposure. For these lesions, the crucial to the success of such an intervention is an appropriate corridor of access (7). These AVMs are usually supplied by the deep and multiple origin of arteries, such as the lenticulostriate artery or the anterior choroidal artery, thalamoperforating arteries (from P1 posterior cerebral and posterior communicating arteries), as well as posterior choroidal arteries, which may block accessibility to supplying arteries and affect early vascular control. As a result, when resecting an AVM in the basal ganglia and thalamus, it may lead to an uncontrollable hemorrhage and damage surrounding tissues, and then cause severe disability. The choice of surgical approach was based on AVM location, arterial supply, and presence of surrounding hematoma. A hematoma often separates the nidus from surrounding tissue, enhancing the exposure of the contour and depth of the lesion and requiring less manipulation of the surrounding parenchyma. For patients with hemorrhagic brain AVMs, microsurgery can remove the hematoma and relieve the mass effect, extirpate the lesions completely, and eliminate the risk of bleeding. Consequently, the overall complete resection rate is up to 71%, with an overall surgical mortality rate of 29% (15). Of note, patients across these surgical series were carefully selected and mainly include young age, small size, and compact nidus, lesions with hematoma in the thalamus or caudate nucleus, and most importantly, a history of hemorrhage that already caused preoperative neurological deficits (7, 8, 16, 17).

However, the size of the nidus, location, arterial supply, and venous drainage are probably the most important factors for determining the feasibility and surgical risk associated with basal ganglia and thalamic AVMs (14, 18). Therefore, in order to gain a better clinical outcome, selecting suitable patients for microsurgical resection is critical. In this article, we present a series of basal ganglia and thalamic AVMs with hemorrhagic presentation, multiple origin of arterial supply, deep venous drainage, and high Spetzler-Martin grade were less likely to be treated with microsurgery. As expected, the microsurgical resection of these lesions appears to carry an increased risk of surgical morbidity and mortality.

SRS has been proposed as a good option for treating deep-seated and inaccessible small AVMs (8, 19, 20), particularly in patients with no history of hemorrhage (8). It also can be used as an assistance measure for the residual brain AVMs after the operation or endovascular treatment. The obliteration rates of AVMs in the basal ganglia and thalamus varied from 43 to 86% at 4 or 5 years, and the rates of permanent morbidity varied from 4 to 17% (6, 13). However, the primary limitation of SRS is the substantial delayed effect of nidal obliteration, and it takes 2 to 5 years to achieve satisfactory results from radiosurgery(21). During the latency period between radiosurgery and obliteration, the patient is still exposed to the risks of AVM hemorrhage, which carries significant additional risk of morbidity and mortality (6, 7, 9). The basal ganglia and thalamic AVMs have shown greater resistance to radiosurgical cure compared with most other AVMs (7, 22), and permanent radiation-induced side effects are higher for these lesions (7, 22, 23). The incidence of symptomatic radiation edema is as high as 13% in basal ganglia and thalamic AVMs (8). Treatment may fail due to recurrent hemorrhage and radiation damage. Additionally, the basal ganglia and thalamus are exquisitely sensible to radiation effects, lower marginal doses are needed to avoid radiation-related complications in treatment (24). Ruptured AVMs of the basal ganglia and thalamus require more immediate protection against the risk of rehemorrhage, which makes the radiosurgical latency period problematic. In the current cases, all basal ganglia and thalamic AVMs presented with ICH, which may not be suitable for SRS directly at first, due to their hemorrhagic manifestations and relatively large nidus involved in the internal capsule and/or the thalamus and several different feeding arteries including the choroidal artery (25). In addition, the obliteration rates for medium and large AVMs would therefore be smaller, and radiosurgery would be ineffective as the primary treatment for these lesions (26).

In the early stage, transvenous approach embolization for intracranial AVMs is not prevalent, so we adopted targeted transarterial approach embolization for these lesions to reduce the risk factors of rebleeding and the nidus to a size suitable for radiosurgery. We chose SRS for the residual malformations or for the malformations that had no suitable arterial access. In our case, the 4 patients with residual AVMs have been treated by SRS and are currently within the latency period.

Endovascular embolization therapy is playing an increasingly important role in the treatment of deep-seated AVMs, due to the development of embolic materials, microguide wires, endovascular techniques, treatment strategies, and so on. It not only serves as an adjunctive therapy with microsurgery and radiosurgery or as part of multimodal brain AVMs treatment, but also as stand-alone therapy for deep AVMs. However, only a small percentage of basal ganglia and thalamic AVMs were treated by embolization alone as a curative procedure, due to the difficulty of catheterizing the small feeding perforating arteries and a high risk of complications. The general complete obliteration rate ranges between 0 and 24% and an incidence of permanent neurological deficits ranging from 10.5 to 60% (8, 14, 23, 27). For these basal ganglia and thalamus AVMs, we need a thorough evaluation of risk to get satisfactory curative rates and acceptable morbidity. In our report, we used interventional embolization to treat basal ganglia and thalamus AVMs, with a complete cure rate of 58.3% and an incidence of neurological dysfunction of 25%. Our results indicate a significant increase in the rate of anatomical elimination for such a special subset of malformations.

The endovascular embolization treatment for cerebral AVMs can be performed through transarterial anterograde or transvenous retrograde access. Transarterial basal ganglia and thalamic AVMs embolization mainly involves highly selective access of the feeding vessels and the introduction of an embolic agent that will occlude the nidus. In this way, the blood flow pressure in the malformations and the risk of bleeding can be significantly reduced. However, this method requires appropriate arterial approaches. The lesions are usually supplied by the lenticulostriates, thalamoperforators, and/ or the choroidal arteries. These vessels generally have a small intralumial diameter and arise from the parent vessel at right or acute angles, which makes superselective catheterization difficult and dangerous, and even leads to bleeding, due to the dilated perforator vessels being prone to rupture during the procedures. Hemorrhagic complications can also be due to intraoperative rupture of the brain AVM, premature venous embolization results in elevated nidus pressures, or postembolization venous stagnation in and/or around the nidus (28, 29). The causes of ischemic complication may be due to antegrade occlusion of a normal artery distal to the nidus or due to the lack of sufficient safe distance leading to the glue refluxed to retrograde occlude normal arteries (29). During operation, reflux of the embolic agent is not allowed, and a small amount of reflux will cause serious complications. For some cases, the transarterial “pressure cooker” technique was used to reduce the blood flow through the AVM, to lessen the risk of reflux inside the normal vessels, and improve the embolization rate of AVM. In our group of cases, 5 patients were treated with liquid embolism agent Onyx-18 alone, while 2 patients were treated with Onyx and Glubran-2 together via transarterial approach, of which 6 (85.7%) obtained good clinical outcome and 3 (42.9%) obtained anatomic obliteration. Only one patient developed postoperative cerebral infarction due to glue reflux. Fortunately, The patient experienced a favorable recovery. There are also those AVMs not amenable to embolization via transarterial approach, usually because of the difficulties in establishing arterial access through the small perforating feeders and the high risk of complications. Under the circumstances, a transvenous embolization approach may be the alternative option for treating these basal ganglia and thalamic AVMs. In this method, it can more easily access the nidus through the draining veins (21) effectively avoiding delivery of embolic agents via arterial feeders and preventing occlusion of arterial branches to adjacent normal brain tissue. The relative indications for transvenous embolization include small nidus sizes, single venous drainage, absence of a navigable arterial feeder, and nil transarterial access to the nidal remnant (30, 31). Latterly, 4 patients were treated by transvenous approach, because of the inaccessibility of catheterizing the arterial feeders, and the lesions were not suitable for microsurgery or radiosurgery. All of the AVMs obtained anatomic obliteration. During the procedure, the arterial microcatheter is always placed in the main feeder arteries to achieve a better view of the nidus and optimize the position of venous microcatheters by superselective angiogram. Venous microcatheter was placed as close as possible to the nidus. It is essential to maintain venous egress until the nidus was eliminated. We controlled systemic hypotension temporarily and reduced systolic blood pressure to 60-80mmhg or used a balloon to block the main arterial feeder, in order to decrease the feeding arteries’ flows and nidal pressures sufficiently. In this way, the draining vein pressure is significantly decreased, which can allow the embolic agent to retrogradely penetrate into the nidus through the draining vein. The coils were placed in the draining vein through the microcatheter next to the nidus to increase the venous resistance and prevent the Onyx from refluxing. Then, Onyx would be injected with the “plug and push” technique, until the embolic agent has penetrated through the nidus. Once full retrograde filling of the nidus with onyx and anatomic obliteration of the AVM, we detached the tip of the detachable microcatheter and retrieved it carefully. The application of the detachable microcatheters can reduce the risk of tearing the draining vein and the associated hemorrhage during the removal of the microcatheters after embolization. In this series, peri-nidal edema occurred in all patients, which may be related to impaired cerebral vasoreactivity of the perinidal tissues. We treat it by dehydration, methylprednisolone, and controlling systolic blood pressure. Only one patient with multiple deep drainage veins died of hemorrhage and diffuse brain swelling after embolization, which may be related to the elevated drainage pressures. The remaining three patients with a single deep drainage vein obtained better treatment results. Lesions with a single draining vein are better suited for the transvenous approach, while lesions with multiple venous drainage increase the risk of hemorrhagic complications (32). One patient with residual AVM after transarterial approach embolization, subsequently, we performed a second stage of transvenous interventional embolization and achieved curative elimination of the residual AVM. Of note, there was no postoperative bleeding or recurrence occurred during the follow-up. Our series of 5 patients demonstrated the feasibility, effectiveness, and high obliteration rates of transvenous embolization for basal ganglia and thalamic AVMs. Transvenous embolization may be used as a salvage treatment for cerebral AVM remnants after incomplete treatment using established current methods. We think that appropriate patient selection, accurate assessment of the malformations characteristics, and extensive experience are the key points to achieve a good clinical outcome.


Limitations

Our study introduced a retrospective approach with inherent limitations that may cause some bias, the number of patients was small and the duration of follow-up was relatively short, so multivariate analysis could not be performed. As stated above, further studies and larger case series are necessary to assess the efficacy and durability of this treatment.




Conclusion

The management of basal ganglia and thalamic AVMs is complicated, and treating these lesions entails considerable risks, which need multimodal and individualized treatment to improve the chances of radiographic cure and good outcomes. Endovascular therapy is a safe and effective treatment for hemorrhagic cerebral AVMs located in the basal ganglia and thalamus that are not suitable for microsurgery or radiotherapy. Our results demonstrate a high percentage of anatomic obliteration with an acceptable rate of complications in the endovascular treatment of these vasculopathies via a transarterial approach or a transvenous approach. Under the appropriate treatment strategies and choices, embolization from the venous approach is an alternative method for patients with basal ganglia and thalamus AVMs which cannot be occluded from the arterial approach.
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