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Cavernous sinus dural arteriovenous fistula (CS-DAVF) is an abnormal communication between the CS and dural arteries from the internal carotid artery and external carotid artery. CS-DAVFs are not uncommon. The preferred treatment for most CS-DAVFs is transvenous embolization (TVE), which can achieve a high cure rate with few complications. The trans-inferior petrous sinus (IPS) route from the internal jugular vein to the CS is the favorite and most direct route to perform TVE in the great majority of CS-DAVFs. However, when the trans-IPS route fails and if the facial vein (FV) is patent and dilated, transfemoral trans-FV-superior ophthalmic vein (SOV) embolization of the CS-DAVF can be attempted. However, the transfemoral trans-FV-SOV route to embolize CS-DAVFs is often challenging, and there is insufficient knowledge about it. Therefore, an updated review of the transfemoral trans-FV-SOV route to embolize CS-DAVFs is necessary, and this review includes our experience. The images in this review are from our institute without the dispute of copyright. Issues regarding the transfemoral trans-FV-SOV route to embolize CS-DAV were discussed, including the FV anatomy and variation, various TVE routes to access CS-DAVF, the procedure of the transfemoral trans-FV-SOV route to embolize CS-DAVF, difficulty, and solution of the transfemoral trans-FV-SOV route to embolize CS-DAVF, and complications and prognosis of transfemoral trans-FV-SOV to embolize CS-DAVF. By reviewing the transfemoral trans-FV-SOV route to embolize CS-DAVFs, we found that this route provides a valuable alternative to the other transvenous routes. A good prognosis can be obtained with the transfemoral trans-FV-SOV route to embolize CS-DAVFs in select cases.
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1. Introduction

Cavernous sinus dural arteriovenous fistula (CS-DAVF) is an abnormal communication between the CS and dural arteries from the internal carotid artery (ICA) and external carotid artery (ECA), and these fistulas are located in the dura within or near the CS wall (1). CS-DAVF is the second most common intracranial DAVF after transverse-sigmoid sinus DAVF and accounts for ~16% of intracranial DAVFs (1, 2). In the Asian literature, CS-DAVF is the most frequent fistula (3, 4). Low-flow CS-DAVFs may have a self-limiting behavior and can close spontaneously, but high-flow CS-DAVFs do not (5).

Treatment is recommended for high-flow CS-DAVFs, especially those with visual symptoms or cortical venous drainage (6). Currently, endovascular treatment (EVT) represents the first-line therapy for CS-DAVF, and EVT includes transarterial embolization (TAE), transvenous embolization (TVE), or both (7). In CS-DAVFs, TAE is often difficult because most CS-DAVFs are fed by numerous and tiny dural branches from the ICA and ECA and can only be used in highly selected cases (Figure 1A).


[image: Figure 1]
FIGURE 1
 EVT routes of CS-DAVF. (A) EVT for CS-DAVF via the MMA. Left: angiography of the ECA shows the CS-DAVF draining into the SOV; Right: superselective angiography of the MMA confirmed that the microcatheter obtained a wedged position (black arrow) and accessed the fistula (frame); the picture in a picture (right arrow) shows the casting of Onyx in the CS. (B) EVT for CS-DAVF via IPS. Left: Navigation image of the road map shows that the CS-DAVF drained into the IPS; Right: Superselective angiography confirmed that the microcatheter (arrow) was positioned in the CS. (C) Catheterization via IPS. Navigation image of the road map shows the guidewire into the CS via the IPS (left); then, the catheter went into the IPS following the guidewire (right). (D) CS-DAVF with the SOV as the main draining vein. Angiographies of the ECA (left) and ICA (right) show a CS-DAVF drained via the SOV and then to the FV. The CS-DAVF was appropriated for the trans-FV-SOV route to perform EVT. CS, cavernous sinus; DAVF, dural arteriovenous fistula; ECA, external carotid artery; EVT, endovascular treatment; FV, facial vein; ICA, internal carotid artery; IPS, inferior petrous sinus; MMA, middle meningeal artery; SOV, superior ophthalmic vein.


In almost two-third of CS-DAVFs, TVE is the preferred treatment and can achieve a high percentage of radiological and clinical resolution with a low complication rate (Figures 1B, C) (1). The trans-inferior petrous sinus (IPS) route from the trans-internal jugular vein (IJV) to the CS is the favorite and most direct route to perform TVE (8). In TVEs, if the facial vein (FV) is patent, the trans-FV-superior ophthalmic vein (SOV) route via the transfemoral trans-IJV or trans-external jugular vein (EJV) can be attempted (Figure 1D) (9).

However, because of the considerable variation in the anatomy of the head and neck veins, the transfemoral trans-FV-SOV route to embolize CS-DAVF is challenging (10, 11). The understanding of the technique was insufficient. Therefore, an updated review of transfemoral trans-FV-SOV routes to embolize CS-DAVFs is necessary. In addition, we also provide educational images and cases to increase reading interest and show our experience. The images are from our institute without the dispute of copyright.



2. FV anatomy and variation


2.1. Typical anatomy

The FV (aka the anterior FV) originates from the angular vein at the nose root (12). Angular veins are formed by the confluence of the supratrochlear and supraorbital veins (13). The superior ophthalmic vein (SOV) and inferior ophthalmic veins that drain from the orbit connect to the angular vein, forming a communication between the FV and CS (Figure 2A) (14). These vessels form a complex orbital venous system with a variable network (15). The typical FV descends obliquely in a straight line and curves around the inferior edge of the mandible to merge with the submental and retromandibular veins to form the common FV and eventually flows into the IJV at different levels of the middle cervical region (Figures 2B, C) (16). Along its course, the FV has extensive connections with the medial temporal vein, superficial temporal vein, deep FV, and pterygoid plexus (Figure 2D).


[image: Figure 2]
FIGURE 2
 FV anatomy of CTA. (A) Anterior–posterior view (left) and oblique (right) view of CTA show that the SOV from the CS connected with the angular vein; then, the angular vein continued as the FV. (B) Anterior–posterior view (left) and oblique (right) view of CTA show that the typical FV descends obliquely in a straight line to continue the common FV and flow with the IJV. The asterisk (right) indicates the junction of the FV with the IJV. (C) Lateral view (left) and oblique (right) view of CTA show the FV together with the EJV into the IJV. The asterisks (left and right) indicate the junction of the FV into the IJV. (D) Lateral view (left) and oblique (right) view of CTA show that the MTV joins the STV to form the EJV and then connects with the FV into the IJV; in the face, many tidy veins join into the FV. CS, cavernous sinus; CTA, computed tomography angiography; EJV, external jugular vein; FV, facial vein; IJV, internal jugular vein; MTV, middle temporal vein; SOV, superior ophthalmic vein; STV, superficial temporal vein.




2.2. Variation

Except for the IJV, the FV can also drain into the EJV (Figures 3A–C) (17–19). Choudhry et al. (17) and Gupta et al. (18) reported that 5% and 9% of the FVs drain into the EVJ due to a persistent anastomotic channel between the primitive linguofacial vein and secondarily developed EVJ, respectively. In East Asia, the rate of FVs that drain into the EJV was higher than that in the earlier reports, which means that there are developmental venous variations in different races. For instance, in a Japanese report by Fujita et al. (20) that studied CS-DAVFs embolized with the transfemoral trans-FV-SOV route, 20% (2/10) of the patients had FVs that drained into the EJV. In an Asian Taiwan report by Luo et al. (21) that included 26 direct and indirect carotid-cavernous fistulas treated with the transfemoral trans-FV-SOV route, 62% of the patients were found to have FVs that drained into the EJV. In addition, the FV can directly drain into the subclavian vein with/without the connection of the IJV or EJV (Figures 3D–F). Rarely, the FV can directly drain into the anterior jugular vein (Figures 3G, H).


[image: Figure 3]
FIGURE 3
 FV variance of CTA. (A) Lateral view CTA shows that the FV courses posteriorly and combines with the MTV at the mandibular joint (arrowhead) from the EJV. (B) Lateral view CTA shows that the FV descends obliquely and curves around the inferior edge of the mandible and flows into the EJV at the middle cervical region (arrowhead). (C) Lateral view CTA shows that the FV flows into the EJV in the low cervical region (arrowhead). (D) Lateral view CTA shows that the FV descends obliquely and curves around the inferior edge of the mandible and flows into the subclavian vein without connection with the IJV or EJV. (E, F) Oblique view CTAs shows that the FV flows into the subclavian vein with the connection with the EJV (asterisks). (G, H) Oblique view CTAs shows that the FVs mainly flow into the AJVs, with the connection with the EJVs. AJV, anterior jugular vein; CTA, computed tomography angiography; EJV, external jugular vein; FV, facial vein; IJV, internal jugular vein; MTV, middle temporal vein.


The normal anatomy and variation of the FV were summarized in the illustrations to provide a better understanding of the FV (Figure 4).


[image: Figure 4]
FIGURE 4
 Illustrations of normal anatomy and variation of the FV. (A) Imaging shows the FV together with the retromandibular vein into the IJV. (B) Imaging shows the FV without the connection of the retromandibular vein into the EJV. (C) Imaging shows the FV without the connection of the retromandibular vein into the EJV. (D) Imaging shows the FV without the connection of the retromandibular vein into the subclavian vein. (E) Imaging shows the FV with the connection of the retromandibular vein into the subclavian vein. (F) Imaging shows the FV with the connection of other veins into the anterior jugular vein. AJV, anterior jugular vein; EJV, external jugular vein; FV, facial vein; IJV, internal jugular vein; MTV, middle temporal vein.




2.3. Venous valve

Previously, this FV system was often reported to be valveless. However, the valves in the inferior root of the SOV have been reported to prevent the flow from the FV and angular vein toward the SOV and the CS (12, 20). In addition, valves have also been reported in the FV (22). The valves set up obstacles for catheterization in the FV system.




3. TVE routes of CS-DAVF

The goal of EVT of the CS-DAVF is to occlude the retrograde drainage channel to the ophthalmic vein that has caused the ocular symptoms and to occlude the retrograde drainage channel to the cortical cerebral vein that might cause cerebral venous hypertension and hemorrhage (23). TVE allows thrombus formation in the CS to interrupt the fistulous communication of CS-DAVF (1). Many routes can be used to access CS-DAVFs to perform TVE, and these routes mainly include the IPS and SOV (1). In Meyers et al.'s (8) report of 117 TVEs of CS-DAVFs, access to the CS was achieved via the IPS or SOV in 76% of the cases. Other uncommon routes include the superior petrosal sinus, basilar plexus, superficial middle cerebral vein, sphenoparietal sinus, and pterygoid plexus (3, 7, 24, 25).


3.1. Trans-IPS or SOV routes with surgical exposure

In the great majority of CS-DAVFs, the trans-IPS route from the jugular bulb to the CS is the favorite and most direct route along the petrooccipital fissure (23). However, the trans-IPS route may fail when the IPS is stenosed or is hypoplastic/aplastic. Alternatively, there is no communication between the CS compartment involved in the DAVF and the IPS (26). At this time, if the SOV is patent and hyperplastic, an anterior approach through the SOV to the CS can be accessible through a surgical approach (20). The SOV is located in the superomedial quadrant of the orbit; in the surgical approach, it requires the cut-down or puncture of the SOV and may not be cosmetically acceptable (27, 28). Some disadvantages of surgical exposure include bleeding of the SOV and injury of the nerve and muscle (29).



3.2. Trans-FV-SOV route

Currently, improved techniques and materials allow SOV catheterization via a transfemoral trans-FV-SOV route (30). Complications from cut-down or puncture of the SOV can be avoided when using the transfemoral trans-FV-SOV route. However, the transfemoral trans-FV-SOV route is not always easily successful. In Kim et al.'s (3) report of the transfemoral trans-FV-SOV route to embolize CS-DAVFs, the technique's success was 13% (7/56) for CS-DAVFs. In a report by Klisch et al. (31), the technique's success rate was 50% (4/8 cases). In the Matsumoto et al.'s (4) literature review, the success rate ranged from 50 to 100%.

Except for the classical transfemoral trans-FV-SOV route to the CS, other similar paths have been reported. For instance, similar paths, such as the trans-retromandibular vein, trans-middle temporal vein, or trans-superficial temporal vein, and then the SOV to the CS can be used (23, 24, 32–35). Rarely, a path through the retromandibular vein, the pterygoid venous plexus, the deep FV, and the SOV to the CS when using this route was also reported (36). These routes were less frequently used and are not discussed in our review.




4. Procedure of transfemoral trans-FV-SOV route

Under general anesthesia and while fully heparinized (3,000 IU as a bolus and 1,000 IU/h as a continuous infusion to keep the activated clotting time to three to four times the normal rate), both transarterial and transvenous femoral or radial approaches are performed (23, 30, 37). Through the transarterial path, a diagnostic catheter is positioned in the carotid artery as the dominant feeding artery of the CS-DAVF to provide a forward venous roadmap (10).

Then, a transvenous guiding catheter is passed through the external iliac vein, the inferior vena cava, the right atrium, the superior vena cava, the brachiocephalic vein, the IJV or EJV or the subclavian vein, finally reaching or going into the orifice of the common FV at the mid-cervical region with the assistance of a forward venous roadmap from the draining vein of the CS-DAVF and a reverse venous roadmap in the vein from the guiding catheter (Figure 5) (38). After positioning a guiding catheter, following the microguidewire, retrograde catheterization of a microcatheter is performed through the FV, the angular vein, the SOV, and then into the CS under the assistance of forward and reverse venous roadmaps (39).


[image: Figure 5]
FIGURE 5
 Forward and reverse venous roadmaps. (A) Forward roadmap: after the contrast medium was slowly injected into the carotid artery, the IJV was shown clearly to help the guiding catheter (asterisk) navigate in the IJV, and the arrows indicate the direction of blood flow. (B) Reverse roadmap: immediately after the guiding catheter (asterisk) injected the contrast medium into the AJV, the AJV and nearby veins were shown clearly, and the arrows indicate the direction of blood flow. AJV, anterior jugular vein; IJV, internal jugular vein.


After the microcatheter reaches the fistula component, coiling is initiated to occlude the fistula. Liquid embolic materials, such as Onyx (Medtronic, Irvine, California, USA), can be used in combination to improve the tamponade effect of the coils and reduce the hemodynamic load on the petrosal–galenic system to avoid the escape of liquid embolic materials into the draining veins too far (20, 24, 40). The TVE endpoint was complete occlusion or slow flow of the CS-DAVF without dangerous cortical or deep venous drainage, and spontaneous thrombosis of the residual DAVF was expected (24).

Two typical cases of CS-DAVF treated with the transfemoral trans-FV-SOV route are provided to demonstrate the TVE procedure in Figures 6–9.


[image: Figure 6]
FIGURE 6
 Preoperative angiography of CS-DAVF embolized via the trans-IJV-FV-SOV route. (A, B) Right ICA (A) and ECA (B) angiographies show the dural branches of the ICA and ECA supplied to the DAVF in the right CS. The left FV served as the draining vein into the IJV. (C, D) Left ICA (C) and ECA (D) angiographies show the dural branches of the ICA and ECA supplied to the DAVF. The bilateral FVs served as the draining veins. CS, cavernous sinus; DAVF, dural arteriovenous fistula; ECA, external carotid artery; FV, facial vein; ICA, internal carotid artery; IJV, internal jugular vein; L, left; R, right; SOV, superior ophthalmic vein.



[image: Figure 7]
FIGURE 7
 Operative angiography of CS-DAVF embolized via the trans-IJV-FV-SOV route. (A) Angiography of the left ECA via the transarterial diagnostic catheter showing that the transvenous therapeutic guiding catheter (asterisk) was placed into the IJV. (B) Angiography of the left ECA shows that the microcatheter was advanced into the FV (asterisks) via the transfemoral trans-IJV-FV route. (C) Venous navigation roadmap shows that the microcatheter passed through the angular vein and SOV into the CS (arrow). (D) Unsubtracted angiography showing coiling (frame) was performed; the picture in the picture (right angle arrow) shows the combined use of Onyx. (E, F) Post-TVE angiographies of the left carotid artery (E) and right carotid artery (F) show complete occlusion of the DAVF. CS, cavernous sinus; DAVF, dural arteriovenous fistula; ECA, external carotid artery; EJV, external jugular vein; FV, facial vein; IJV, internal jugular vein; L, left; R, right; SOV, superior ophthalmic vein; TVE, transvenous embolization.



[image: Figure 8]
FIGURE 8
 Preoperative angiography of CS-DAVF embolized via the trans-EJV-FV-SOV route. (A, B) Angiographies of right (A) and left (B) ICAs show the dural branches of the ICA supplied to the DAVF. (C) Angiography of the left ECA shows the dural branches of the ECA supplied to the DAVF. (D) Venous phase angiography of the right ICA shows that the right FV served as the draining vein of the DAVF into the EJV. CS, cavernous sinus; DAVF, dural arteriovenous fistula; ECA, external carotid artery; EJV, external jugular vein; FV, facial vein; ICA, internal carotid artery; L, left; R, right; SOV, superior ophthalmic vein.



[image: Figure 9]
FIGURE 9
 Operative angiography of CS-DAVF embolized via the trans-EJV-FV-SOV route. (A) Venous phase angiography of the right ICA shows the right FV into the EJV. (B) Venous navigation roadmap shows that the microcatheter passed through the right angular vein into the SOV. (C) X-ray image shows the microcatheter (asterisks) passing through the intercavernous sinus from the right into the left CS to perform coiling (arrow). (D) Unsubtracted angiography shows the combined use of Onyx to occlude the CS-DAVF. (E, F) Post-TVE angiographies of the left carotid artery (E) and right carotid artery (F) show complete occlusion of the DAVF. CS, cavernous sinus; DAVF, dural arteriovenous fistula; EJV, external jugular vein; FV, facial vein; ICA, internal carotid artery; L, left; R, right; SOV, superior ophthalmic vein; TVE, transvenous embolization.




5. Difficulty and solution of transfemoral trans-FV-SOV EVT

Transfemoral trans-FV-SOV catheterization is often time-consuming, with erroneous attempts or technique failures. The difficulties include the catheterization of the junction of the IJV/EJV with the FV, the region of the orbital angular vein and SOV roots, and obliteration of the DAVF (Figure 10) (32).


[image: Figure 10]
FIGURE 10
 Difficulty of transfemoral trans-FV-SOV to embolize CS-DAVF. (A) Lateral view CTA shows the FV jointed into the IJV. The asterisk indicates the looping of the common FV, and catheterization was difficult. (B) Lateral view CTA shows the FV jointed into the EJV. The asterisk indicates the junction of the EJV and subclavian vein; here, venous valves exist. (C) Lateral view angiography of the ECA shows the veins of the orbit region. The asterisk indicates that venous valves exist at the inferior root of the SOV, and the circle indicates the fistula point of the CS-DAVF. (D) Anterior–posterior view angiography of the ECA shows the fistula point (circle) of the CS-DAVF. CS, cavernous sinus; DAVF, dural arteriovenous fistula; ECA, external carotid artery; EJV, external jugular vein; FV, facial vein; IJV, internal jugular vein; IPS, inferior petrous sinus; IR, inferior root; SOV, superior ophthalmic vein; SR, superior root.



5.1. Catheterization of the FV

When the FV originates from the IJV, some obstacles to catheterizing the FV include a hypoplastic FV or a very sharp and tortuous looping angle at the junction of the IVJ with the FV (Figure 10A). When the FV originates from the EJV, catheterization into the EJV usually takes more time because the EJV is smaller and lateral in location and has two pairs of valves that are present before its entrance into the subclavian vein (Figure 10B) (21).

In addition, the guiding catheter is often weak in the venous system because the vein lumen is larger than the arteries, and the wall tension is weaker than that in the arterial system (32). A transfemoral stiff 6F long sheath or 7F/8F thick guiding catheter to provide sufficient supporting force is helpful to overcome the obstacle to catheterizing the FV.



5.2. Catheterization of the angular vein and SOV

Another challenge is placing the microcatheter through the angular vein and tortuous SOV roots into the SOV. At the junction of the angular vein and the SOV, the vessels of the orbital venous system are often abruptly angled, stenosed, and tortuous and have numerous tiny branches (36). Sometimes, the SOV is angiographically occlusive due to early thrombosis (39). The SOV contains superior and inferior roots (Figure 10C) (15). Valves in the inferior root of the SOV may prevent the catheterization of the inferior root of the SOV (20).

Strong proximal support of the transfemoral catheter is crucial for the catheter to pass through the region. The FV was often large enough to cannulate it with 4F or even 5F intermediate catheters, which provided a solution for difficult catheterization (41, 42). At this time, a triple coaxial system by the telescopic method was helpful and feasible. First, a 6F long sheath, 7F/8F guiding catheter was placed in the IJV/EJV, and then a 4F/5F coaxial catheter was advanced into the angular vein or distal FV to strengthen the supporting force for a microcatheter into the SOV (20, 36, 41, 43, 44). Once the angular vein is cannulated with a microguidewire, the vessel course is straightened, which allows the microwire to pass the SOV (23). In a report by Fujita et al. (20), of the 10 CS-DAVFs that underwent TVE via transfemoral FV-SOV, the success rate of catheterization was 100% using a triple coaxial system.

However, in the triple coaxial system, the intermediate catheter should not be too long to guarantee that the microcatheter is long enough to be navigated into the CS. In addition, it was useful to combine both thick and thin microwires. After a thicker and stiffer microwire (such as 0.014 or 0.012 inches) was used to navigate the microcatheter to reach the angular vein, a thinner and softer microwire (such as 0.010 inches) was helpful to pass through the orbital venous system with looping or a double-angled microwire tip after the “J” configuration failure, and then the microcatheter could be placed into the SOV (32).



5.3. Determination of the fistula point and embolization of the DAVF

For TVE, it is crucial to confirm the fistula point, which presents with a tubular or elliptical structure that is separated from the CS, where multiple feeding arteries converge and continue to the CS (5). Selective angiographies of bilateral ICAs and ECAs are necessary. When the microcatheter is navigated into the CS, superselective venous angiography is performed to delineate the venous angioarchitecture of the DAVF (Figure 1B).

According to both arterial and venous angiographies, the location of the fistula point can be confirmed. The fistula point is often located at the posterior part of the CS (45). In the transfemoral trans-FV-SOV route to embolize CS-DAVF, coiling should target the posterior part of the CS first and then backward toward the SOV. When liquid embolic materials [such as Onyx et al. (46)] are used in combination, after coiling, the microcatheter should be advanced deeply into the middle of the mass of the coils to cast the liquid embolic material. Certainly, if the FV has a sufficient size to catheterize double microcatheters into the CS, the TVE was more convenient but also needed a sufficient supporting system (32, 47).

Certainly, there are other difficulties for the transfemoral trans-FV route to embolize CS-DAVFs. For instance, the slow flow of CS-DAVFs may make it difficult to create a good-quality roadmap to guide subsequent catheterization (10, 32).




6. Complications and prognosis


6.1. Complication

The transfemoral trans-FV-SOV route to embolize CS-DAVFs can be associated with two types of complications (3, 48). One type is procedure-related complications, such as the development of a vein perforating injury by the microwire or microcatheter, and the other type is embolization-related complications (Table 1).


TABLE 1 Complication of the trans-FV-SOV route to embolize CS-DAVF.

[image: Table 1]


6.1.1. Procedure-related complications

Unlike the IPS route, the trans-FV-SOV route is surrounded by soft tissue, and the vein wall is thinner and non-elastic, which carries a greater risk of procedural venous perforation of a tortuous FV, an angular vein or the SOV (20, 49). Venous rupture can cause bleeding and hematomas, which are generally not dangerous in the FV course but become more dangerous in the SOV, and bleeding can consequently compress the intraorbital structures (21, 50). To avoid injury, interventionists should gently manipulate the microdevices within the vein and observe the monitors very carefully (32). Fortunately, procedure-related complications are uncommon in trans-FV TVE for CS-DAVF (10, 15).



6.1.2. Embolization-related complications

The embolization-related complications are the same as those of TVE via other transvenous approaches (20). For instance, when embolizing too many compartments of the CS, CS overpacking syndrome can occur, mainly presenting with cranial nerve palsies; therefore, the non-fistulous compartment of the CS should be preserved (3, 24). CS overpacking syndrome is often transient and relieved within a few days to weeks with conservative treatment (3, 20). During casting Onyx in CS, the trigemino-cardiac reflex can occur and result in reproducible bradycardia (51). The trans-FV-SOV route to embolize CS-DAVF may carry the risk of acute thrombosis of the SOV after the occlusion of the CS (30, 52, 53). Even central retinal vein thrombosis can occur, resulting in visual impairment (30). Therefore, heparin anticoagulation may be helpful.

Rarely, simple trapping or partial embolization of the involved compartment of the CS can lead to the diversion of shunt flow from the CS into the normal cerebral venous pathways and ultimately result in the conversion of CS-DAVF into a more dangerous disease, resulting in the development of cerebral infarct edema (54). In Kim et al.'s (3) report, two brain stem congestions by rerouting to the pontomesencephalic veins developed after the TVE of the CS-DAVF, which was a serious and rare complication, and repeated embolization may be needed.




6.2. The prognosis

For TVE for CS-DAVFs, the angiographic and clinical cure rates can reach 71–89 and 77–96%, respectively (3). Angiographic cure was defined as complete occlusion of the shunt or by a nearly complete occlusion in a small residual stagnant shunt that is considered likely to thrombose. These are considered successful angiographic results, and clinical cure was defined as the resolution of the symptoms related to the lesion (3).

For the transfemoral trans-FV-SOV route to embolize CS-DAVFs, good outcomes can be obtained. For instance, in Kim et al.'s (10) report of the trans-IJV-FV-SOV route for 12 CS-DAVFs and in Bionde et al.'s (15) report of the trans-IJV-FV-SOV route for seven CS-DAVFs, the symptoms and signs related to CS-DAVF all gradually resolved. In addition, in a report by Fujita et al. (20), 10 CS-DAVFs were treated with the trans-FV-SOV route, 32 CS-DAVFs were treated with the IPS route, and there were no differences in the neurological outcomes, which indicated that the trans-FV-SOV route to embolize CS-DAVFs was feasible and safe in selective cases.




7. Summary

Based on the review and our experience, we found that in the treatment of CS-DAVF, the transfemoral trans-FV-SOV route provides a valuable alternative to other transvenous routes and can be performed in selective cases. However, the route to embolize CS-DAVFs is often challenging due to considerable variations in the head and neck veins. A good prognosis with few complications can be obtained, similar to other transvenous routes.



Author contributions

JY contributed to the conception and design of the review. ZZ collected the data. JY and ZZ contributed to drafting the text and preparing the figures. JY, ZZ, and KX revised the manuscript. All authors read and approved the final manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Alexandre AM, Sturiale CL, Bartolo A, Romi A, Scerrati A, Flacco ME, et al. Endovascular treatment of cavernous sinus dural arteriovenous fistulas. Institutional series, systematic review and meta-analysis. Clin Neuroradiol. (2022) 32:761–71. doi: 10.1007/s00062-021-01107-0

 2. Ghobrial GM, Marchan E, Nair AK, Dumont AS, Tjoumakaris SI, Gonzalez LF, et al. Dural arteriovenous fistulas: a review of the literature and a presentation of a single institution's experience. World Neurosurg. (2013) 80:94–102. doi: 10.1016/j.wneu.2012.01.053

 3. Kim DJ, Kim DI, Suh SH, Kim J, Lee SK, Kim EY, et al. Results of transvenous embolization of cavernous dural arteriovenous fistula: a single-center experience with emphasis on complications and management. AJNR Am J Neuroradiol. (2006) 27:2078–82.

 4. Matsumoto A, Okauchi M, Shindo A, Kawanishi M, Tamiya T. Cavernous sinus dural arteriovenous fistula treated by facial vein direct puncture: case report and review of the literature. Interv Neuroradiol. (2017) 23:301–6. doi: 10.1177/1591019917693413

 5. Hou K, Li G, Luan T, Xu K, Yu J. Endovascular treatment of the cavernous sinus dural arteriovenous fistula: current status and considerations. Int J Med Sci. (2020) 17:1121–30. doi: 10.7150/ijms.45210

 6. Kohyama S, Kaji T, Tokumaru AM, Kusano S, Ishihara S, Shima K. Transfemoral superior ophthalmic vein approach via the facial vein for the treatment of carotid-cavernous fistulas: two case reports. Neurol Med Chir. (2002) 42:18–22. doi: 10.2176/nmc.42.18

 7. Suh DC, Lee JH, Kim SJ, Chung SJ, Choi CG, Kim HJ, et al. New concept in cavernous sinus dural arteriovenous fistula: correlation with presenting symptom and venous drainage patterns. Stroke. (2005) 36:1134–9. doi: 10.1161/01.STR.0000166194.82027.63

 8. Meyers PM, Halbach VV, Dowd CF, Lempert TE, Malek AM, Phatouros CC, et al. Dural carotid cavernous fistula: definitive endovascular management and long-term follow-up. Am J Ophthalmol. (2002) 134:85–92. doi: 10.1016/S0002-9394(02)01515-5

 9. Komiyama M, Morikawa K, Fu Y, Yagura H, Yasui T, Baba M. Indirect carotid-cavernous sinus fistula: transvenous embolization from the external jugular vein using a superior ophthalmic vein approach. A case report. Surg Neurol. (1990) 33:57–63.

 10. Kim MJ, Shin YS, Ihn YK, Kim BM, Yoon PH, Oh SY, et al. Transvenous embolization of cavernous and paracavernous dural arteriovenous fistula through the facial vein: report of 12 cases. Neurointervention. (2013) 8:15–22. doi: 10.5469/neuroint.2013.8.1.15

 11. Wang D, Xiong S, Zeng N, Wu Y. The facial vein on computed tomographic angiography: implications for plastic surgery and filler injection. Aesth Surg J. (2022) 42:Np319–np26. doi: 10.1093/asj/sjab391

 12. Iwanaga J, Tubbs RS, Kim H, Hur MS. 'Valves' of the angular vein: orbicularis oculi, depressor supercilii, and zygomaticus minor. PLoS ONE. (2022) 17:e0276121. doi: 10.1371/journal.pone.0276121

 13. Azzam D, Cypen S, Tao J. Anatomy, Head and Neck, Eye Ophthalmic Vein. Tampa: StatPearls Publishing (2022).

 14. Byrne JV. Cranial Venous Anatomy. Tutorials in Endovascular Neurosurgery and Interventional Neuroradiology. Cham: Springer International Publishing (2017), p. 57–75. doi: 10.1007/978-3-319-54835-7_3 

 15. Biondi A, Milea D, Cognard C, Ricciardi GK, Bonneville F, van Effenterre R. Cavernous sinus dural fistulae treated by transvenous approach through the facial vein: report of seven cases and review of the literature. AJNR Am J Neuroradiol. (2003) 24:1240–6.

 16. Harrigan MR, Deveikis JP. Essential Neurovascular Anatomy. Handbook of Cerebrovascular Disease and Neurointerventional Technique. Cham: Springer International Publishing (2018), p. 3–110. doi: 10.1007/978-3-319-66779-9_1 

 17. Choudhry R, Tuli A, Choudhry S. Facial vein terminating in the external jugular vein. An embryologic interpretation. Surg Radiol Anat. (1997) 19:73–7.

 18. Gupta V, Tuli A, Choudhry R, Agarwal S, Mangal A. Facial vein draining into external jugular vein in humans: its variations, phylogenetic retention and clinical relevance. Surg Radiol Anat. (2003) 25:36–41. doi: 10.1007/s00276-002-0080-z

 19. Umek N, Cvetko E. Unusual course and termination of common facial vein: a case report. Surg Radiol Anat. (2019) 41:239–41. doi: 10.1007/s00276-018-2129-7

 20. Fujita A, Kohta M, Sasayama T, Kohmura E. Impact of transvenous embolization via superior ophthalmic vein on reducing the total number of coils used for patients with cavernous sinus dural arteriovenous fistula. Neurosurg Rev. (2021) 44:401–9. doi: 10.1007/s10143-019-01227-9

 21. Luo CB, Chang FC, Teng MM, Ting TW. Anatomic variation of facial vein in carotid-cavernous fistula and trans-facial vein embolization. World Neurosurg. (2015) 84:90–6. doi: 10.1016/j.wneu.2015.02.033

 22. Zhang J, Stringer MD. Ophthalmic and facial veins are not valveless. Clin Exp Ophthalmol. (2010) 38:502–10. doi: 10.1111/j.1442-9071.2010.02325.x

 23. Yu SC, Cheng HK, Wong GK, Chan CM, Cheung JY, Poon WS. Transvenous embolization of dural carotid-cavernous fistulae with transfacial catheterization through the superior ophthalmic vein. Neurosurgery. (2007) 60:1032–7. doi: 10.1227/01.NEU.0000255455.05355.31

 24. Agid R, Willinsky RA, Haw C, Souza MP, Vanek IJ, TerBrugge KG. Targeted compartmental embolization of cavernous sinus dural arteriovenous fistulae using transfemoral medial and lateral facial vein approaches. Neuroradiology. (2004) 46:156–60. doi: 10.1007/s00234-003-1131-9

 25. Kirsch M, Henkes H, Liebig T, Weber W, Esser J, Golik S, et al. Endovascular management of dural carotid-cavernous sinus fistulas in 141 patients. Neuroradiology. (2006) 48:486–90. doi: 10.1007/s00234-006-0089-9

 26. Luo CB, Chang FC, Teng MM, Guo WY, Ting TW. Transvenous embolization of cavernous sinus dural arteriovenous fistula via angiographic occlusive inferior petrous sinus. J Chin Med Assoc. (2015) 78:526–32. doi: 10.1016/j.jcma.2015.05.008

 27. Reis CV, Gonzalez FL, Zabramski JM, Hassan A, Deshmukh P, Albuquerque FC, et al. Anatomy of the superior ophthalmic vein approach for direct endovascular access to vascular lesions of the orbit and cavernous sinus. Neurosurgery. (2009) 64(5 Suppl 2):318–23. doi: 10.1227/01.NEU.0000340781.34122.A2

 28. Monsein LH, Debrun GM, Miller NR, Nauta HJ, Chazaly JR. Treatment of dural carotid-cavernous fistulas via the superior ophthalmic vein. AJNR Am J Neuroradiol. (1991) 12:435–9.

 29. Nemoto S, Mayanagi Y, Kirino T. Cavernous dural arteriovenous fistulas. Transvenous approach and venous drainage of the fistula. Interv Neuroradiol. (1997) 3(Suppl 2):86–7.

 30. Bing F, Albrieux M, Vinh Moreau-Gaudry V, Vasdev A. Cavernous sinus fistula treated through the transvenous approach: report of four cases. J Neuroradiol. (2009) 36:265–9. doi: 10.1016/j.neurad.2009.01.002

 31. Klisch J, Huppertz HJ, Spetzger U, Hetzel A, Seeger W, Schumacher M. Transvenous treatment of carotid cavernous and dural arteriovenous fistulae: results for 31 patients and review of the literature. Neurosurgery. (2003) 53:836–56. doi: 10.1227/01.NEU.0000083551.26295.AB

 32. Choi JH, Shin YS, Kim BS. Making microguidewire loop facilitates navigation through tortuous or abruptly angulated head and neck veins to access cavernous sinus dural arteriovenous fistulas. World Neurosurg. (2019) 129:e561–e5. doi: 10.1016/j.wneu.2019.05.216

 33. Kim SC, Kim JH, Kim CH, Lee CY. Middle temporal vein access for transvenous embolization of Cavernous sinus dural arteriovenous fistula: a case report and review of literature. J Cerebrovasc Endovasc Neurosurg. (2022) 24:44–50. doi: 10.7461/jcen.2021.E2021.06.008

 34. Cheng KM, Chan CM, Cheung YL. Transvenous embolisation of dural carotid-cavernous fistulas by multiple venous routes: a series of 27 cases. Acta Neurochir. (2003) 145:17–29. doi: 10.1007/s00701-002-1013-7

 35. Ando M, Maki Y, Hojo M, Hatano T. Cavernous sinus dural arteriovenous fistula embolized via a rare anastomosis between the facial vein and the superficial temporal vein. Neuroradiol J. (2022) 2022:19714009221140485. doi: 10.1177/19714009221140485

 36. Nakai T, Fujita A, Morishita A, Aihara H, Kohmura E. Transvenous embolization through the ipsilateral deep facial vein: a novel approach route for treatment of a cavernous sinus dural arteriovenous fistula. Radiol Case Rep. (2020) 15:675–9. doi: 10.1016/j.radcr.2020.03.006

 37. Gegenava BB, Dzhindzhikhadze RS, Shumakov DV, Grishina EE, Kapranov MS, Kurnosov SA. Transvenous embolization of indirect carotid-cavernous fistula via puncture of the cubital vein and distal radial artery. Radiol Case Rep. (2020) 15:1103–9. doi: 10.1016/j.radcr.2020.04.047

 38. Tong X, Bao K, Hu P, Hong T, Li M, Zhang P, et al. Snare technique for endovascular retrieval of coil extending to the atrium after embolization of a dural arteriovenous fistula. Acta Neurochir. (2018) 160:2177–86. doi: 10.1007/s00701-018-3667-9

 39. Moriya S, Maeda S, Hayakawa M, Kuwahara K. Transvenous embolization of cavernous sinus dural arteriovenous fistula through the angiographically occlusive superior ophthalmic vein. Asian J Neurosurg. (2021) 16:610–3. doi: 10.4103/ajns.AJNS_71_21

 40. Jiang C, Lv X, Li Y, Wu Z. Transvenous treatment of cavernous dural arteriovenous fistulae with onyx and coils. Neuroradiol J. (2008) 21:415–22. doi: 10.1177/197140090802100319

 41. Cohen JE, Rajz G. Postpartum dural carotid-cavernous fistula with aggressive angiographic features: transvenous cavernous sinus embolization via the angular-superior ophthalmic vein using coils and onyx, recanalization, and transarterial meningeal embolization using coils and onyx. In:Henkes H, Lylyk P, Ganslandt O, , editors. The Arteriovenous Malformations and Fistulas Casebook. Cham: Springer International Publishing (2020), p. 1–9. doi: 10.1007/978-3-030-51200-2_10-1 

 42. Yamamoto Y, Yamamoto N, Satomi J, Yamaguchi I, Korai M, Kanematsu Y, et al. Dural arteriovenous fistula in the superior orbital fissure: a case report. Surg Neurol Int. (2018) 9:95. doi: 10.4103/sni.sni_46_18

 43. Hirayama K, Masuo O, Yako R, Matsumoto H, Nakao N. A case of cavernous sinus dural arteriovenous fistula treated with superior ophthalmic vein approach via the facial vein: usefulness of triple coaxial catheter system. J Neuroendovasc Therapy. (2014) 8:201–6. doi: 10.5797/jnet.cr.2014-0007 

 44. Yuen MH, Cheng KM, Cheung YL, Chan CM Yu SC, Wong GK, et al. Triple coaxial catheter technique for transfacial superior ophthalmic vein approach for embolization of dural carotid-cavernous fistula. Interv Neuroradiol. (2010) 16:264–8. doi: 10.1177/159101991001600306

 45. Guo H, Yin Q, Liu P, Guan N, Huo X, Li Y. Focus on the target: Angiographic features of the fistulous point and prognosis of transvenous embolization of cavernous sinus dural arteriovenous fistula. Interv Neuroradiol. (2018) 24:197–205. doi: 10.1177/1591019917751894

 46. Lv X, Jiang C, Li Y, Wu Z. A promising adjuvant to detachable coils for cavernous packing: onyx. Interv Neuroradiol. (2009) 15:145–52. doi: 10.1177/159101990901500202

 47. Misaki K, Uchiyama N, Mohri M, Aida Y, Uno T, Nakada M. Unique venous drainage of a sphenoid wing dural arteriovenous fistula with ocular symptoms. World Neurosurg. (2017) 97:753.e1–e5. doi: 10.1016/j.wneu.2016.10.055

 48. Leibovitch I, Modjtahedi S, Duckwiler GR, Goldberg RA. Lessons learned from difficult or unsuccessful cannulations of the superior ophthalmic vein in the treatment of cavernous sinus dural fistulas. Ophthalmology. (2006) 113:1220–6. doi: 10.1016/j.ophtha.2006.02.050

 49. Alexandre AM, Visconti E, Lozupone E, D'Argento F, Pedicelli A. Embolization of dural arteriovenous fistula of the cavernous sinus through percutaneous ultrasound-guided puncture of the facial vein. World Neurosurg. (2017) 99:812.e13–e20. doi: 10.1016/j.wneu.2016.12.048

 50. Oishi H, Arai H, Sato K, Iizuka Y. Complications associated with transvenous embolisation of cavernous dural arteriovenous fistula. Acta Neurochir. (1999) 141:1265–71.

 51. Lv X, Jiang C, Li Y, Wu Z. Percutaneous transvenous packing of cavernous sinus with Onyx for cavernous dural arteriovenous fistula. Eur J Radiol. (2009) 71:356–62. doi: 10.1016/j.ejrad.2008.04.016

 52. Thiex R, Gross BA, Gupta R, Wyers MC, Frerichs KU, Thomas AJ. Transvenous approach to carotid-cavernous fistula via facial vein cut down. J Clin Neurosci. (2014) 21:1238–40. doi: 10.1016/j.jocn.2013.11.011

 53. Benndorf G, Bender A, Campi A, Menneking H, Lanksch WR. Treatment of a cavernous sinus dural arteriovenous fistula by deep orbital puncture of the superior ophthalmic vein. Neuroradiology. (2001) 43:499–502. doi: 10.1007/s002340000508

 54. Mochizuki Y, Iihoshi S, Tsukagoshi E, Kasakura S, Kohyama S, Kurita H, et al. A rare brainstem hemorrhage due to incomplete transvenous embolization of the cavernous sinus dural arteriovenous fistula: a case report. Radiol Case Rep. (2021) 16:2526–9. doi: 10.1016/j.radcr.2021.06.012

 55. Halbach VV, Dowd CF, Higashida RT, HieshimaGB. Transvenous coil treatment of CCF. In:Tomsick T, , editor. Carotid Cavernous Fistulas. Cincinnati: Digital Educational Publishing (1997), p. 163–175. 





OPS/images/fneur-13-1078185-g005.gif





OPS/images/fneur-13-1078185-g006.gif





OPS/images/fneur-13-1078185-g003.gif





OPS/images/fneur-13-1078185-g004.gif





OPS/images/fneur-13-1078185-g009.gif





OPS/images/fneur-13-1078185-g007.gif





OPS/images/fneur-13-1078185-g008.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Transfemoral trans-facial vein-superior ophthalmic vein to embolize cavernous sinus dural arteriovenous fistulas



		1. Introduction



		2. FV anatomy and variation



		2.1. Typical anatomy



		2.2. Variation



		2.3. Venous valve







		3. TVE routes of CS-DAVF



		3.1. Trans-IPS or SOV routes with surgical exposure



		3.2. Trans-FV-SOV route







		4. Procedure of transfemoral trans-FV-SOV route



		5. Difficulty and solution of transfemoral trans-FV-SOV EVT



		5.1. Catheterization of the FV



		5.2. Catheterization of the angular vein and SOV



		5.3. Determination of the fistula point and embolization of the DAVF







		6. Complications and prognosis



		6.1. Complication



		6.1.1. Procedure-related complications



		6.1.2. Embolization-related complications









		6.2. The prognosis







		7. Summary



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
’ frontiers | Frontiers in Neurology

Transfemoral trans-facial
vein-superior ophthalmic vein to
embolize cavernous sinus dural
arteriovenous fistulas





OPS/images/fneur-13-1078185-t001.jpg
Author/year pe Presentat Cause Resolution
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