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Anterior communicating artery aneurysms account for 23–40% of ruptured intracranial aneurysms and 12–15% of unruptured aneurysms and are the most common intracranial ruptured or unruptured aneurysms. Because they have relatively complex anatomical structures and anatomical variations and are adjacent to important blood vessels and structures, in the process of microsurgical exposure of an Anterior communicating artery aneurysm, attention should be paid not only to the anatomical characteristics of the aneurysm itself but also to the adjacent important blood vessels and perforating arteries; therefore, both surgical clipping and endovascular embolization are serious challenges for neurosurgeons. No matter which treatment is chosen, it is necessary to determine the structure of the Anterior communicating artery and its perforating arteries as well as whether there is a fenestration deformity of the Anterior communicating artery and the relationship between bilateral A1-A2 before surgery. The shape and size of the aneurysm itself and its location relative to adjacent blood vessels also need to be considered to better complete the procedure, and this is especially true for microsurgical clipping. Clarifying the anatomy before surgery is helpful for better selecting the surgical approach and surgical side, which could affect the intraoperative exposure of the aneurysm and adjacent arteries, the surgical difficulty, the resection rate, and the postoperative complications. Therefore, starting with Anterior communicating artery aneurysms and their adjacent structures and variations, this paper reviews the latest progress in surgical treatment based on anatomic specificity as well as the most recent clinical studies.
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A GENERAL OVERVIEW OF THE ANTERIOR COMMUNICATING ARTERY (ACOA) ANEURYSMS

AcoA aneurysms are the most common intracranial aneurysms, accounting for 23–40% of intracranial aneurysms and 12–15% of unruptured aneurysms, and are the most common type of intracranial aneurysm in patients under 30 years old (1–3). AcoA aneurysms are more likely to rupture than are other types of intracranial aneurysms due to their anatomical and hemodynamic characteristics (3, 4). The international study of unruptured intracranial aneurysms (ISUIA) reports that smaller anterior circulation intracranial aneurysms are associated with lower risks of rupture and that the risk of rupture is <1% per year for anterior circulation aneurysms with a diameter <7 mm (2, 5–7). However, a large number of recent studies have found that AcoA aneurysms <7 mm still have a very high risk of rupture, accounting for ~40% of all ruptured intracranial aneurysms (6, 8). Bijlenga et al. (9) found that the risk of rupture risk for more than 900 cases of AcoA aneurysms with a size of 4–7 mm was similar to that for posterior circulation aneurysms. In a study of 200 cases of ruptured aneurysms, Lee et al. (10) found that 47% were small aneurysms (<5 mm) and that the most common rupture site was in the AcoA. The further in-depth study found that for microaneurysms (<3 mm), the rupture occurred more frequently in patients with hypertension combined with AcoA aneurysms. Therefore, for AcoA aneurysms, regardless of rupture and size, active intervention should be conducted once they are discovered.

At present, with the development of endovascular interventional techniques and interventional materials, increasingly more intracranial aneurysms can be embolized by endovascular techniques or treated with flow diverters; however, endovascular treatment cannot be performed due to the complex structure of AcoA aneurysms, such as a poor aspect ratio (dome/neck), inability to place catheters, and influencing blood flow in collateral blood vessels. Moon et al. (11) reviewed the long-term prognosis of AcoA aneurysms included in the Barrow Ruptured Aneurysm Trial (BRAT). After randomization, 91 patients (70%) with AcoA aneurysms were included in the clipping group, and 39 patients (30%) were included in were embolization group. In the embolization group, 16.9% of the patients crossed over from this group to the surgical clipping group due to embolization difficulties. No patients were transferred from surgical clipping to coiling embolization. There was no significant difference in clinical outcomes between the 2 groups after 1–3 years of follow-up (once per year). However, the retreatment rate for the surgical clipping group was superior to that for the embolization group. Among them, 3 patients (3.3%) have retreated in the clipping group, and 3 patients (7.7%) have retreated in the coiling embolization group.

Therefore, independent of intervention technology development, it is very difficult for endovascular treatment to solve all issues regarding AcoA aneurysms because of structural and hemodynamic complexities. Microsurgical clipping remains the safest and most basic treatment. However, AcoA aneurysms are different from other simple intracranial bifurcation aneurysms. AcoA aneurysms arise from a complex consisting of 5 arteries, including the A1 segment of the bilateral anterior cerebral artery, the A2 segment of the bilateral anterior cerebral artery, and the AcoA itself. Besides, another 7 arteries are adjacent to the AcoA complex, including the bilateral recurrent artery (recurrent artery of Heubner), the perforating branches of the AcoA, the bilateral orbitofrontal artery, and the bilateral frontopolar artery (7). The anatomical structure of the AcoA itself also involves the size and shape of the aneurysm: the aspect ratio (dome/neck), the direction and calcification of the aneurysm, and the presence or absence of a thrombosis inside the aneurysm. As a result, the anatomy of and surgery for AcoA aneurysms are varied and are very challenging. In this paper, we summarize the anatomy of and variations in AcoA aneurysms and review the latest advances in surgical treatment based on the specificity of its anatomy combined with clinical practice.



ANATOMICAL CHARACTERISTICS OF THE ADJACENT STRUCTURES OF ACOA ANEURYSMS

AcoA aneurysms are relatively complicated for treatment with microsurgery because of their complex structure and adjacent vessels and tissues. The following is a brief description of important neighboring anatomical structures and variations, which helps understand surgical clipping strategies.



THE MAIN TRUNK AND CLASSIFICATION OF THE ACOA (FIGURE 1)

The AcoA is a short blood vessel that connects the bilateral anterior cerebral arteries. It is located above the optic chiasm and corresponds to the inferior portion of the lamina terminals. Kirgis et al. (12) and Yasargil (13) classified the AcoA into simple and complex according to the morphology of the blood vessels. For the former, the AcoA connects to the A1 segment of the bilateral anterior cerebral artery. Generally, ~40% of trunks are single, with a length of 1.5–8.8 mm (average, 4.0 mm) and a diameter of 0.2–2.5 mm (average, 1.7 mm). The complex type generally includes 2 branches, the “Y,” “H,” or “X” types, fenestration deformity, or the dimple or “O” type, accounting for ~60% of trunk types. Besides, in some individuals, the A1 segment of the bilateral anterior cerebral arteries is fused, exhibiting the absence of the AcoA, which accounts for approximately 4.5% of trunk types. The variation rate for the AcoA is extremely high, as high as 60%. The types of variation include plexiform (33%), dimple (33%), and fenestration deformity (21%) (14). It has been reported that the fenestration deformity of the AcoA is prone to misdiagnosis and mistreatment due to the current wide application of CT angiography (CTA). The slice thickness of CTA affects the spatial resolution, and image reconstruction and image softening cause an AcoA with fenestration deformity to be easily misdiagnosed as an aneurysm (15, 16). Therefore, when considering an AcoA aneurysm, the possibility of AcoA variations should be considered carefully, or digital subtraction angiography (47) should be performed to confirm the diagnosis and reduce the possibility of misdiagnosis. In terms of the microsurgical clipping of AcoA aneurysms, adequate preoperative assessment of the anatomical structure of the AcoA, especially the compensatory role of the AcoA for blood flow to the bilateral anterior cerebral artery, should be performed. Adequate preoperative assessments of the location of the AcoA aneurysm and its relationship with AcoA variations are extremely important for ensuring successful completion of the surgery and the safety of the operation (17, 18).
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FIGURE 1. Several common AcoAs. (A,B). Right A1 hypoplasia; (C) Duplicated AcoAs; (D) Right A1 segment fenestration; (E) AcoA fenestration deformity; (F) Absence of the AcoA. (1) AcoA; (2) A2 segment of the ACA; (3) A1 segment of the ACA; (4) MCA; (5) ICA; (6) Basilar artery; (7) recurrent artery of Heubner.




RELATIONSHIP BETWEEN ACOA AND THE A1 SEGMENT OF THE ANTERIOR CEREBRAL ARTERY (FIGURE 2)

The anterior cerebral artery is under the anterior perforated substance. After arising from the bifurcation of the internal carotid artery, it runs anteriorly, medially, and obliquely above the basal surface of the frontal lobe and the optic chiasm and connects with the contralateral anterior cerebral artery utilizing the AcoA in the longitudinal fissure. The A1 segment of the anterior cerebral artery exits the internal carotid artery cistern and enters the lamina terminalis cistern; the course is not straight and often shows various forms of bending, and therefore, attention should be paid to the course of the blood vessel when searching for the A1 segment of the anterior cerebral artery during clipping surgery. A study by Rhoton (19) showed that the diameter of the AcoA was usually 1 mm smaller than that of A1 on the dominant side, that 44% of the AcoA had a diameter ≤ 1.5 mm, and that 16% of the AcoA had a diameter ≤ 1 mm. The difference between A1 on the dominant side and A1 on the inferior side was related to the diameter of the AcoA (50% of the diameters of the A1 segments on the 2 sides were ≤ 0.5 mm); the mean diameter of the AcoA was 1.2 mm. Twelve percent of the diameter difference between A1 segments on the 2 sides were ≥1 mm; the mean diameter of the AcoA increased to 2.5 mm, which could be used for clinical estimation. Findings by Brandt (20) showed that ~21.05% of individuals had variations in the A1 segment of the anterior cerebral artery, such as a very large A1 segment on one side, while the contralateral A1 segment was very small or absent; this anatomical structure presents a high risk for the development of an AcoA aneurysm. This finding coincides with Rhoton's (19) suggestion that the greater the diameter difference between bilateral A1 segments, the more likely an AcoA aneurysm will develop. Yasargil (19) and Pandey and Steinberg (21) also reported that only 22% of patients presented comparable diameters of A1 segments of the bilateral anterior cerebral arteries, while unequal diameters of the bilateral A1 segments was significantly associated with the occurrence of AcoA aneurysms, and the aneurysm was usually located at the junction of the thicker A1 segment of the anterior cerebral artery and the AcoA. Paying attention to this anatomical characteristic and the hemodynamic feature is helpful for preoperative diagnosis and the selection of the surgical side and surgical approach (22, 23).
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FIGURE 2. The relationship between the AcoA and bilateral A1. Different cases showed different relationships and locations for AcoA and bilateral A1.




RECURRENT ARTERY OF HEUBNER (FIGURE 3)

In 1872, Heubner first described a recurrent artery that arises from the anterior cerebral artery and returns to the anterior perforated substance along the anterior cerebral artery. It is also the largest and most important perforating artery when the anterior cerebral artery is in the horizontal segment and is known as the medial striate artery or anterior striate artery. Its course is quite complex, and it is closely related to the anterior cerebral artery and the AcoA. The areas that receive blood supply from the recurrent artery of Heubner mainly include the thalamus, anterior lenticular nucleus, lateral globus pallidus, anterior caudate nucleus, anterior crus of the internal capsule and other important parts, and the recurrent artery of Heubner is the only perforating vessel at the base of the brain that supplies both the deep basal ganglia region of the brain and the cerebral cortex, such as the optic tract and the medial temporal cortex; its function is very important and must be taken seriously and protected during aneurysm clipping or aneurysm embolization (14, 24). Damage to this artery during surgery can lead to mild upper neurons paralyzes, such as muscle weakness of the contralateral tongue muscle and upper limb, and severe upper neuron paralysis of the contralateral lower limb. If the recurrent artery of Heubner on the dominant side is injured, symptoms such as aphasia can occur. Therefore, it is very important to identify the recurrent artery of Heubner and its origin and course before surgery. Almost everyone has bilateral Heubner's recurrent arteries, some of which have multiple branches, but very few studies have reported that there may be an absence of the recurrent artery of Gomes et al. (25) and González-Llanos et al. (26). The recurrent artery of Heubner originates from the medial segment of A1 of the anterior cerebral artery above the optic nerve and is adjacent to the AcoA. The diameter of the recurrent artery of Heubner is generally <2 mm, and most of these arteries have a bilaterally symmetrical structure (25). The course of the recurrent artery of Heubner is adjacent to the A1 segment of the anterior cerebral artery, the middle cerebral artery, and the internal carotid artery, it travels medially and superiorly to A1 and enters the important nucleus region of basal ganglia from the anterior perforated substance, and its terminal segment emits 1–4 branches that enter the brain (24). Protrusion-type AcoA aneurysms are more likely to be close to the recurrent artery of Heubner, and injury should be avoided when performing aneurysm clipping.
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FIGURE 3. Common types of the recurrent artery of Heubner. (A) 2-branch recurrent artery (4 in Figure); (B) 3-branch recurrent artery (4 in Figure); (C) 4-branch recurrent artery (4 in Figure). (1) ICA; (2) Optic chiasma; (3) A1 segment of the ACA; (4) recurrent artery of Heubner. (5) AcoA; (6) A2 segment of the ACA; (7) Median callosal artery; (8) Frontopolar artery.




RELATIONSHIP BETWEEN THE ACOA AND LAMINA TERMINALIS AND OPTIC CHIASM

The lamina terminalis cistern is located in front of the lamina terminalis and extends forward into the longitudinal fissure. Its upper boundary is the anterior perforated substance, its lower boundary is the optic chiasm, its lateral boundary is the anterior cerebral artery, and its anterior wall is the posterior part of the bilateral straight gyrus. It is adjacent to the longitudinal fissure and bilateral olfactory cistern. The 2 sides of the cistern of lamina terminalis are adjacent to the proximal end of the Sylvian cistern and the internal carotid cistern or the internal carotid-posterior communicating artery cistern via the arachnoid of the anterior cerebral artery. Important blood vessels, such as the AcoA, the proximal segment of the A1 and A2 segments of the anterior cerebral artery, the recurrent artery, the perforating artery of the hypothalamus, and the anterior cerebral vein pass through the cistern of lamina terminalis. Through anatomical studies, Serizawa et al. (14) found that in 30% of people, the AcoA covers the lower third of the lamina terminalis; this was especially the case for an AcoA with plexiform or compound growth. In this case, if aneurysm clipping is performed, the trans-lamina terminalis surgical approach should not be used because the AcoA is susceptible to injury when the lamina terminalis is incised. The average distance between the midpoint of the posterior edge of the AcoA and the lamina terminalis is 11.8 ± 3.4 mm, the height to the superior surface of the optic chiasm is 2.1 ± 1.9 mm, and it is connected to the optic chiasm and the lamina terminalis by a short fiber trabecula in a roughly sagittal position (19). In the event of intraventricular hemorrhage due to the rupture of an AcoA aneurysm, surgical fenestration of the lamina terminalis can release cerebrospinal fluid and thereby release cerebral pressure. Superior and medial to the AcoA aneurysm is the gyrus rectus, which can be safely removed for better exposure. Adjacent to the gyrus rectus is the inferior frontal gyrus, which is associated with canonical anterior communicating aneurysmal amnesia, confabulation, and personality changes when injured. Due to the advancement of craniotomy and endovascular interventional treatment techniques, AcoA syndrome is rare. The optic chiasm is located below the AcoA, usually directly below it, but some are in an oblique position at an angle. Among them, the branches of the optic chiasm arising below the AcoA are distributed anterior to the optic chiasm and dorsal to the optic nerve and supply blood to the optic nerve and the superior part of the optic chiasm, but they are not the main blood supply arteries for this site because these vessels are thin. Some studies suggested that the main blood supply arteries for the optic chiasm and optic nerve come from a group of branches of the anterior cerebral artery (19, 27). In clinical practice, when rupture and bleeding of advanced AcoA aneurysms or other intracranial aneurysms are encountered, it is also possible to increase the retrochiasmatic space and release bloody cerebrospinal fluid to reduce intracranial pressure and relieve vasospasms by incising the lamina terminalis. If the aneurysm is found to be directed to or in contact with the lamina terminalis during AcoA aneurysm clipping, when blocking the A1 segment of the bilateral anterior cerebral arteries, the aneurysm body should be separated from the surrounding adhesions and flipped anteriorly and superiorly to facilitate clipping of the aneurysmal neck and avoid inadvertent injury to the perforating arteries.



RELATIONSHIP BETWEEN ACOA AND PERFORATING BRANCH VESSELS (ARISING FROM THE POSTERIOR, SUPERIOR, INFERIOR WALLS) (FIGURE 4)

Professor Serizawa et al. (14) conducted a careful study of the perforating vessels of the AcoA and divided them into 3 categories according to the specific supply sites of the perforating vessels. They suggested that all AcoAs had perforating vessels and that almost all of these perforating branches originate from the posterior, superior, and inferior walls of the AcoA. Through a large number of autopsies, some scholars have found that the perforating branches of the AcoA are almost always present and provide blood to the blood vessels of very important functional areas, such as the intracranial hypothalamus and optic chiasm. The appearance of sequelae, such as personality changes, disturbance of consciousness, mutism, and even internal environment disorder, after the surgical clipping or embolization of an AcoA aneurysm, is primarily due to the intraoperative damage to certain perforating branches of the AcoA (13). Because AcoA aneurysms are common intracranial aneurysms, it is very important to understand the anatomical structure and the variations in its perforating branches as well as the relevant preoperative images, regardless of surgical clipping or interventional embolization. Below, we briefly describe the specific classification, anatomical structure, and function of the perforating arteries of the AcoA.
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FIGURE 4. Relationship between the AcoA and perforating branch vessels (start from the posterior, superior, and inferior wall). (A) (1) Right A1 segment; (2) AcoA; (3) Right A2 segment; (4) Left A2 segment; (5) Median callosal artery; (6) Left A1 segment; (7/8) Left recurrent artery; (9) Frontopolar artery; (10) Perforating artery of the hypothalamus. (B) (1) Left internal carotid artery; (2) Left middle cerebral artery; (3) Left A1 segment; (4) Optic chiasm; (5) AcoA; (6/7/8) Left 3 recurrent arteries; (9) Subcallosal artery; (10) Left A2 segment; (11) Right medial frontobasal artery; (12) Right recurrent artery; (13) Right A2 segment; (14) Hypothalamic branches.




SUBCALLOSAL BRANCH

The subcallosal branch, which is often large, is the thickest and most important perforating vessel of the AcoA, and sometimes it appears as a group of blood vessels formed by 2–4 branches. The probability of the existence of the subcallosal branch is ~13.7%, and its diameter is between 0.6 and 2.8 mm (28). The subcallosal branch arises from the posterosuperior region of the AcoA, runs toward the genu of the corpus callosum, and provides important branches to the hypothalamic area. Besides, it provides blood supply to areas including the lamina terminalis, anterior hypothalamus, anterior cingulate gyrus, rostrum and genu of the corpus callosum, anterior commissure, gyrus paraterminalis, fornix column, and septum pellucidum (14, 19). Besides, Serizawa et al. (14) was the first to distinguish the subcallosal artery from the median callosal artery. He suggested that the probability of the existence of the subcallosal artery was significantly higher than that of the median callosal artery and that they generally do not exist at the same time. They may come from the same vascular source, and the subcallosal artery may be an extension of the median callosal artery.



HYPOTHALAMIC BRANCHES

Most of the hypothalamic branches originate from the posteroinferior region of the AcoA and often coincide with the subcallosal branch. In general, the perforating arteries of the hypothalamus are a group of arteries of 2–6 branches that provide blood supply to the areas of the hypothalamus and lamina terminalis, and 10% originate from one side of the AcoA and end on the opposite side of the hypothalamic area. Symptoms such as water and electrolyte disturbances, disturbance of consciousness, cognitive impairment and high fever may occur if the perforating arteries of the hypothalamus are injured during surgery, and in severe cases, this type of injury is life-threatening; therefore, it is critically important to carefully identify and protect these arteries during surgery (29). It is not necessary to cut the AcoA to increase the surgical exposure space or because of its large size. Once the AcoA is cut off, it is very easy to accidentally injure the perforating artery of the hypothalamus and thus cause symptoms of hypothalamic injury. It is particularly important to protect the hypothalamus and its perforating artery when the frontal longitudinal fissure approach is used to remove space-occupying lesions from the sellar region.



OPTIC CHIASM BRANCH

The chiasmatic perforating artery has the lowest occurrence frequency among the 3 blood vessels, and it has been reported that the probability of its occurrence is ~10%. It usually originates from the posteroinferior region of the AcoA, has a diameter of 0.1–0.2 mm, and provides blood supply to the optic nerve and the region above the chiasm, but it is not a major artery for blood supply to this region. This site receives blood supply from both the superior hypophyseal artery and the chiasmatic artery and has abundant anastomotic branches; therefore, if necessary, cutting off the small perforating arteries that connect the AcoA and the optic chiasm generally do not cause severe symptoms after surgery. However, patients with ruptured AcoA aneurysms often have vasospasms. If the chiasmatic artery and its perforators are severed in the presence of superior hypophyseal artery spasms, there is a possibility of decreased visual acuity and visual field defects.



ANATOMIC CHARACTERISTICS OF ACOA ANEURYSMS AND THEIR RELATIONSHIP WITH SURGERY

The anatomical characteristics of an AcoA aneurysm determine whether microsurgery or interventional embolization treatment is preferred, the size and direction of the aneurysm determine the difficulty level of the surgery and the choice of the optimal surgical approach, and whether the aneurysm is accompanied by calcification and intra-aneurysm thrombosis determines the precautions during surgical clipping and possible complications (22, 23). At present, no literature has summarized the relationship between the anatomical characteristics of AcoA aneurysms and surgery. Also, there is no unified understanding of the side selection for the surgical treatment of AcoA aneurysms. Traditionally, the non-dominant hemisphere side is generally selected for craniotomy. Therefore, mastering the anatomical characteristics of the aneurysm itself and knowing the preoperative imaging results are helpful to the successful completion of the surgery and the reduction in postoperative complications. In the following, we briefly describe the relationship between the anatomical characteristics of aneurysms and surgery according to the structural characteristics of aneurysms and the latest literature.



RELATIONSHIP BETWEEN ANEURYSM SIZE AND SURGERY

The size of an AcoA aneurysm is a crucial factor affecting treatment decisions, such as whether the aneurysm requires surgical intervention, whether surgery or intervention treatment is the preferred choice, and the specific treatment strategies. The ISUIA reports that smaller intracranial aneurysms in the anterior circulation are associated with a lower risk of spontaneous rupture, and the annual risk of rupture of anterior circulation aneurysms with a diameter <7 mm is <1% (6); therefore, the need to treat unruptured AcoA aneurysms with a diameter <7 mm remains highly controversial. However, increasingly more studies have reported that smaller diameter AcoA aneurysms are associated with a high risk of rupture. Bijlenga et al. (9) found that the risk of rupture risk for more than 900 AcoA aneurysms with a size of 4–7 mm was similar to that for posterior circulation aneurysms. In a study of 200 ruptured aneurysms, Lee et al. (10) found that 47% were small aneurysms (<5 mm) and that the most common rupture site was at the AcoA. Matsukawa et al. (4) found that AcoA aneurysm rupture was more likely to occur in younger patients (<60 years) and patients with combined high cholesterol and an aneurysm with forwarding protrusion and a daughter sac. Yamamoto et al. (30) reported 104 ruptured AcoA aneurysms with a mean diameter of 5.0 ± 1.8 mm. Through a meta-analysis of the literature, Steklacova et al. (31) found that ruptured AcoA aneurysms with a diameter <7 mm accounted for 67% of ruptures. Therefore, whether an AcoA aneurysm requires surgery cannot be determined solely based on whether the diameter of the anterior circulation aneurysm is <7 mm. It is generally recommended that for unruptured AcoA aneurysms with a diameter >3 mm, aggressive surgical treatment may be indicated to reduce the incidence of hemorrhage, especially for patients with a history of subarachnoid hemorrhage, an irregular-shaped aneurysm, imaging evidence of progressive growth, and combined hypertension and a history of smoking.

The size of an AcoA aneurysm not only affects the surgical indication but also plays an important role in the choice of surgical procedure. Numerous studies have found that if an AcoA aneurysm is too small or the aspect ratio (dome/neck > 1:2) is not appropriate, interventional embolization is usually not appropriate. Surgical clipping is preferred for small AcoA aneurysms because interventional embolization is limited by the coil size and the difficulty of placing a microwire or a microcatheter into the location (11, 32, 33). Some studies have even reported that in some AcoA aneurysm embolization procedures, the surgical procedure has been changed to surgical clipping due to finding a small aneurysm diameter or an inappropriate aspect ratio (dome/neck) (11). With the development of new balloons, stents, and more optimized catheter techniques, small or tiny AcoA aneurysms can also be successfully treated by interventional embolization; however, at present, it is not widely used, and long-term follow-up data are lacking (34–38). Some studies have investigated the relationship between the size of an AcoA aneurysm and the risk of intraoperative rupture, especially during interventional embolization. Among them, Sluzewski et al. (34) reported 264 cases of aneurysm embolization. There were 7 cases of intraoperative rupture, including 4 cases of ruptured aneurysms with a diameter <4 mm; however, none of the 4 cases was an AcoA aneurysm. Nguyen et al. (35) reported that during the embolization of aneurysms with a diameter <3 mm, the risk of aneurysm rupture was 11.7 and 35% of the ruptured microaneurysms were located in the AcoA. For the first time, professor Schuette et al. (36) conducted a cohort study of 347 patients with AcoA aneurysms, followed them continuously for 10 years, and found that the risk of rupture during aneurysm embolization was significantly increased when the diameter of the AcoA aneurysm was <4 mm (compared with the risk of rupture during embolization of AcoA aneurysms with a diameter > 4 mm, 13.5% vs. 2.9%) and that aneurysm rupture affects the final prognosis of patients.



RELATIONSHIP BETWEEN ANEURYSM DIRECTION AND SURGERY

The direction of an AcoA aneurysm is an important factor affecting the choice of the side of surgical clipping, while different sides could affect the degree of difficulty in exposing the aneurysm neck and bilateral A1 and A2, which may also affect the efficacy of surgical clipping (18). According to a report by Suzuki et al. (22), based on a DSA or CTA lateral view, the coordinates were established with the aneurysm as the base point and the parallel line of the sphenoid platform as the transverse axis, and the longitudinal axis was perpendicular to the transverse axis. AcoA aneurysms are classified into anterosuperior, anteroinferior, posterosuperior, and posteroinferior depending on the direction of the aneurysm, and superiorly projecting AcoA aneurysms are the most common, accounting for 19–37% (23, 39, 40). Superiorly projecting AcoA aneurysms are often located in the deep portion of both hemispheres. The main body and the neck of aneurysms can be easily blocked by the junction of the A1-A2 segments of the AcoA as well as the closed A2 segment, and it is difficult to separate the aneurysm and expose the contralateral A2 segment during surgery. To expose the aneurysm, it may be necessary to resect the gyrus rectus; therefore, the difficulty of the operation and postoperative complications are greatly increased. For posteriorly projecting aneurysms, the recurrent artery and the contralateral A1 segment can be injured while exposing the aneurysm. Aneurysms with different projections have different hemodynamics, causing shear forces on the aneurysm wall, pressure of blood flow on the aneurysm wall, and intra-aneurysm blood flow velocity to be different; therefore, the risk of rupture and the growth rate are different for aneurysms pointing different directions (40–45). Shao et al. (44) found that the risk of rupture was significantly increased in anteriorly projecting AcoA aneurysms compared with that for posteriorly projecting aneurysms, and this finding was later confirmed by extensive literature, suggesting that anteriorly projecting AcoA aneurysms are more likely to rupture (4, 43) and that the Fisher grade after bleeding is high and the prognosis is relatively worse (18, 40). Therefore, posteriorly projecting AcoA aneurysms have a low risk of rupture.

For side selection in the microsurgical clipping of AcoA aneurysms, the traditional view suggests choosing the non-dominant hemisphere for craniotomy (usually the right side), unless the dominant side is associated with multiple aneurysms of intracranial hematomas (39). Also, some scholars suggest the A1 dominant blood supply side as the surgical approach to facilitate the immediate control of blood supply to the aneurysm and exposure of the aneurysm neck (40). Through a large sample study, Bohnstedt et al. (40) found that only 58.6% of patients achieved an acceptable prognosis when craniotomy and AcoA aneurysm clipping were carried out from the A1 dominant side, while 100% of the patients achieved an acceptable prognosis when craniotomy and AcoA aneurysm clipping were carried out from the contralateral side of the A1 dominant side; he suggested that this may be related to the anteroposterior locations of the bilateral A2 segment of anteriorly projecting AcoA aneurysms. A study by LeRoux et al. (46) suggested that the reason for choosing the dominant hemisphere for craniotomy maybe because the A1 on the non-dominant hemisphere side could not be detected by imaging or because the aneurysm arose from the intersection of the AcoA and A2 on the dominant hemisphere side.

The direction of an AcoA aneurysm not only affects the choice of the surgical side but also determines the choice of surgical approach as well as the difficulty of the operation. We know that AcoA aneurysms can almost always be resolved by the conventional pterional approach, but different surgical approaches determine the difficulty of the surgery and the resection rate of the gyrus rectus. Depending on the severity of the subarachnoid hemorrhage, the size and direction of the aneurysm, the supraorbital, longitudinal fissure, pterion, and orbitozygomatic approaches are good choices. Through autopsy and numerous clinical studies, we have found that the supraorbital and longitudinal fissure approach can better expose the AcoA complex, especially the superior and posterosuperior regions of the AcoA, and the traction on the ipsilateral frontal lobe and gyrus rectus is significantly reduced at the time of exposure. This approach is very helpful for exposure and clipping of superiorly and posteriorly projecting AcoA aneurysms as well as complex AcoA aneurysms (Figure 5). ② The trans-longitudinal fissure pterional approach has a good operative field (Figure 6), less traction on the brain tissue, and less vascular damage. It allows clipping the aneurysm at various angles from the anterior longitudinal fissure to the pterion, allowing intraoperative adjustment of the aneurysm clip according to aneurysm size and direction; furthermore, it is more valuable for complex AcoA aneurysms or posteriorly projecting aneurysms. The above 2 surgical approaches are more beneficial for clipping superiorly and posteriorly projecting AcoA aneurysms. Because of the relatively large bone window, it is more suitable for patients with advanced conditions or with relatively severe intracranial conditions or with more subarachnoid hemorrhage and intracranial hematoma. The longitudinal fissure approach can be used to incise the corpus callosum and then remove the intraventricular hematoma, which facilitates cerebrospinal fluid circulation.
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FIGURE 5. Supraorbital lateral-longitudinal fissure approach to the AcoA. (A) Midline and scalp incision; (B) To identify key holes and identify bone windows; (C) Exposing the beginning of the A1 segment of the anterior cerebral artery at the lateral orbit; (D) Exposing the whole process of the A1 segment of the anterior cerebral artery; (E) Separating the longitudinal fissure and exposing the A1 segment of the anterior cerebral artery; (F) Exposing the anterior communicating artery complex; (G) Exposing the beginning of the A1 segment of the anterior cerebral artery at the lateral orbit during a real surgery; (H) Exposing the whole process of the A1 segment of the anterior cerebral artery during a real surgery; (I) Raising the frontal lobe next to the midline, exposing and separating the olfactory bundle. (1) key hole; (2) temporalis muscle; (3) superior temporal line; (4) superficial temporal artery; (5) temporal lobe; (6) MCA; (7) beginning of the A1 segment of the ACA; (8) ICA; (9) oculomotor nerve; (10) optic nerve; (11) optic chiasma; (12) A1 segment of the ACA; (13) base of the frontal lobe; (14) anterior cistern of the optic chiasma; (15) recurrent artery; (16) A2 segment of the AcoA; (17) cerebral falx; (18) medial frontal lobe; (19) gyri rectus; (20) olfactory bundle; (21) anterior cranial fossa; (22) AcoA.
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FIGURE 6. Longitudinal fissure pterion surgical approach. A patient with ruptured multiple intracranial aneurysms and hemorrhage (Hunt-Hess grade IV). (A) CTA revealed a left posterior communicating artery aneurysm and an AcoA aneurysm. Lateral view showed a posteriorly projecting AcoA aneurysm and the left A2 posterior to the right A2 (indicated by the red arrow). The left longitudinal fissure pterional approach was selected for surgery. (B) Surgical incision and patient positioning. (C) Postoperative three-dimensional CT reconstruction indicated the size and location of the surgical bone window. (D) Postoperative CTA revealed complete clipping of the AcoA aneurysm and the left posterior communicating artery aneurysm, with no remnants and good vessel protection.




RELATIONSHIP BETWEEN ANEURYSM MORPHOLOGY AND SURGERY

At present, the detection rate of unruptured intracranial aneurysms is increasing due to the promotion of non-invasive CTA technology and the improvement in people's awareness of cerebrovascular diseases. Therefore, the evaluation of the risk of rupture of unruptured aneurysms has also become a research hotspot. Numerous relevant studies have reported the relationship between AcoA aneurysm morphology and the risk of rupture (4, 35, 43, 47–50), but most have not conducted a systematic study, and there is a lack of analysis of the relationship between aneurysm morphology and surgery (43). Although there are many characteristics related to the morphology of an AcoA aneurysm, the characteristics that have the most predictive value for the risk of rupture may be whether the aneurysm has a fenestration deformity, the direction of the aneurysm body, and the ratio (size ratio) of the aneurysm height (longest distance from the aneurysm body to the midpoint of the neck) to the mean diameter of the adjacent 4 blood vessels [(sum of the diameters of bilateral A1 and A2)/4] (43). The aneurysm direction has been well-documented to be closely related to aneurysm rupture, which has been reviewed previously (4, 11, 40, 41, 44, 45, 47–50). The presence or absence of fenestration deformity is a very important feature that can be used to predict the risk of rupture. If an aneurysm is found to be associated with fenestration deformity on CTA/DSA, its risk of rupture is significantly increased or the risk of re-rupture is significantly increased (50, 51). By studying the characteristics of 255 AcoA aneurysms, Choi et al. (50) found that the association of AcoA aneurysms with fenestration deformity was an independent risk factor for predicting rupture. Additionally, de Gast et al. (51) also reported that the fenestration deformity of the AcoA was associated with aneurysm development. The reason may be related to the fenestration deformity caused by the incomplete development and maturation of the arterial wall and the turbulence of blood flow caused by the lack of an elastic middle layer of the arterial wall (52). Another most important factor is the size ratio; the diameter of the bilateral A1 and A2 segments adjacent to the aneurysm may affect the hemodynamics of the aneurysm. The larger the size ratio is, the more complex the hemodynamics of the aneurysm. In the presence of multiple turbulent flows and low tangential stress on the aneurysm wall, the risk of aneurysm rupture is high (53, 54). Therefore, the size ratio is an independent risk factor for AcoA aneurysm rupture (43, 53, 54). Besides, the relationships between aneurysm size, aneurysm angle, and aneurysm location, and the rupture risk have not been reviewed because there are few reports or there are considerable controversies (43). Because aneurysm morphology has an important influence on aneurysm rupture, treatments should be carefully selected when unruptured aneurysms are encountered in clinical practice. For ruptured aneurysms, if the size ratio is large or if the aneurysm body is superiorly projecting or has fenestration deformity, it should be treated aggressively at an early stage to prevent aneurysm re-rupture.

Interventional embolization and craniotomy and clipping are both treatments for AcoA aneurysms; however, both treatments are complex and difficult relative to other treatments for intracranial aneurysms. Whether it is easier to use aneurysm embolization or clipping depends on the shape and size of the aneurysm and the relationship with adjacent blood vessels. Therefore, a preoperative assessment of aneurysm morphology is very important. Embolization of large or wide-necked aneurysms can be difficult (34, 55–57) and requires assistance with stents or balloons, which increases the procedure-related disability and mortality rates (58, 59). The development of new interventional materials and improvements in interventional embolization techniques have led to the safe embolization of an increasing number of AcoA aneurysms that were previously difficult to treat by interventional embolization or at great risk of embolization (60–66). In particular, the application of the latest flow diverters has made treatment simple and safe for many intracranial wide-necked or microvascular aneurysms and recurrent complex aneurysms that were previously difficult to treat by simple embolization (61, 62, 64–66). Besides, some new special devices, such as the pCONUS (phenox GmbH, Bochum, Germany) stent (63) and the LVIS Junior (LVIS Jr. MicroVention, Aliso Viejo, CA, USA) stent (60), maybe safe and more effective for the treatment of wide-necked or complex AcoA aneurysms. Taken together, for selecting a suitable and safe treatment for AcoA aneurysms, in addition to the above relevant anatomical factors, each hospital should take specific considerations according to its specific circumstances, the patient's selection and financial resources, the availability of the materials and instruments and the comprehensive capabilities of the facility.



INFLUENCE OF THE LOCATION RELATIONSHIP BETWEEN THE ANEURYSM AND BILATERAL A1 AND A2 ON SURGERY

Because the anatomical structure of bilateral A1 and A2 plays an important role in the formation of AcoA aneurysms, the diameters of bilateral A1 and A2 and their proportional relationship is closely related to the formation of aneurysms and the starting position of aneurysms, and the diameter ratio for A1 and A2 is closely related to the risk of aneurysm rupture (67). For clipping surgeries or interventional embolization of AcoA aneurysms, the diameters of bilateral A1 and A2, as well as their anatomical location relationship with the aneurysm, must be considered because they determine the side choice for surgical clipping, the difficulty of the operation and whether a stent is needed during embolization. Therefore, it is important to conduct a meta-analysis of the influence of the anatomy of bilateral A1 and A2 on AcoA aneurysm surgery according to the literature.

Numerous studies have found that patients with dominant side A1 blood supply have a higher probability of forming an AcoA aneurysm, which may be closely related to the hemodynamic profile caused by the imbalances resulting from inflow from the dominant side A1 and inflow from the inferior side A1 (39, 68, 69). Previous studies have suggested that the presence of a dominant side A1 and the dysplasia or deficiency of A1 on the contralateral side are key factors for the formation of AcoA aneurysms (68–71). Some scholars also studied the relationship between the diameter ratio of A1 and A2 and the formation and rupture of aneurysms and found that regardless of the presence of a dominant side A1, the smaller the diameter of A2 and the larger the diameter ratio of A1/A2, the higher the probability is of forming an AcoA aneurysm and the greater the risk of rupture (67). Some scholars also studied the relationship between the angle of the A1 and A2 segments and the risk of aneurysm formation and rupture. Ye et al. (71) compared CTA imaging data of 64 patients with AcoA aneurysms and 187 patients without AcoA aneurysms and found that the smaller the angle was between A1 and A2, the higher the probability was of developing an aneurysm; furthermore, they confirmed that the probability of developing an AcoA aneurysm was significantly higher in patients with a dominant side A1. These conclusions are almost the same as the findings by Kasuya et al. (72). In addition to studying the diameter and angle of A1 and A2, some studies have found a relationship between the absence or dysplasia of the A1 segment and aneurysms. Yang et al. (73) retrospectively analyzed the data of 251 patients with AcoA aneurysms and found that 49.8% of patients had hypoplasia of the A1 segment. Univariate analysis revealed that hypoplasia of the A1 segment was closely related to anterior cerebral artery infarct and prognosis after aneurysm clipping. Multivariate analysis revealed that hypoplasia of the A1 segment was also a strong independent risk factor for anterior cerebral artery infarct and poor prognosis after aneurysm clipping. Rinaldo et al. (74) also reported that hypoplasia of the A1 segment was an important factor in the formation of aneurysms.

As we reviewed earlier, although almost all AcoA aneurysms can be clipped through the pterional approach in the non-dominant hemisphere, the choice of different sides, as well as the choice of different surgical approaches, may be related to the difficulty of the aneurysm clipping surgery, the resection rate of the gyrus rectus and postoperative complications (22, 23). Suzuki et al. (22) was the first to classify the relationship between bilateral A2 of superiorly projecting AcoA aneurysms with the open A2 plane side (when the pterional approach is used on this side, A2 on this side near the aneurysm body is located more posteriorly than the contralateral A2) and the closed A2 plane side (when the pterional approach is used on this side, A2 on this side near the aneurysm body is located more anteriorly than the contralateral A2). It is very difficult to expose the aneurysm neck during an operation on the closed A2 plane side, and it may be necessary to remove the gyrus rectus and pull the A2 segment during the operation, which may easily lead to a residual aneurysm neck and more postoperative complications. In subsequent studies, Hyun et al. (23) also proposed a relationship between bilateral A2 and concluded that surgery on the closed A2 plane side may be associated with more postoperative complications, and the use of the open A2 plane side for the operation may be easier and safer for exposing the aneurysm neck and may reduce postoperative complications. However, the number of cases in the above studies is small, and there is a lack of multicenter, randomized controlled studies to confirm the results. After summarizing the long-term experience of AcoA aneurysm clipping, our center concluded that according to CTA results and CTA surgical simulation images, for superiorly or anteriorly projecting AcoA aneurysms, the surgical approach should be determined according to whether the A2 on the pterional approach side is located more anteriorly or posteriorly than the contralateral A2, and it may be more beneficial for surgical clipping when the surgical approach side A2 is located more posteriorly than the contralateral A2 (Figure 7). We have submitted a multicenter randomized controlled trial registration to the Chinese Clinical Trial Registry to investigate clipping side choice for superiorly or anteriorly projecting AcoA aneurysms. In conclusion, side selection for AcoA aneurysm clipping should be individualized for the optimal surgical outcomes and minimal surgical injury based on imaging findings and 3D-CTA surgical approach simulation results.
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FIGURE 7. Selection of the operative side based on the anteroposterior relationship of the bilateral A2. (A) DSA after spontaneous subarachnoid hemorrhage showed superiorly projecting microanterior communicating aneurysms, the left A2 located anterior to the right A2, and the left side as the closed side; the right side should be selected as the operative side; (B) CTA examination after spontaneous subarachnoid hemorrhage showed a superiorly projecting AcoA aneurysm, the left A2 posterior to the right A2, and the left side as the open side; the left side should be selected as the operative side.




SUMMARY

AcoA aneurysms are the most common intracranial ruptured or unruptured aneurysms, and surgical clipping or endovascular embolization of these aneurysms is a challenge faced by neurosurgeons. Because AcoA aneurysms have relatively complex anatomical structures, have anatomical variations, and are adjacent to important blood vessels and structures, it is necessary to pay attention to not only the anatomical characteristics of the aneurysm itself but also to the important adjacent blood vessels and perforating branches when exposing an aneurysm. Therefore, AcoA aneurysms are the most difficult intracranial aneurysm to resolve. With the continuous development of interventional techniques and the continuous improvement in interventional materials, most AcoA aneurysms can now be treated by endovascular techniques. Because current stent techniques include flow-diverting devices, even giant or thrombotic aneurysms can be effectively treated by endovascular methods. However, surgical clipping still retains an important method in some cases, especially for giant wide-necked aneurysms for which isolation and bypass may be the only optimal treatment. Also, the BRAT study showed no difference in risk and clinical outcomes between microsurgical clipping and coiling embolization, while the embolization group had higher recurrence and retreatment rates. For AcoA aneurysms with relatively complex structures, the probability of incomplete embolization and recurrence may be high. Therefore, microsurgical clipping is a good treatment for AcoA aneurysms.

The probability of variation in the AcoA and its perforating branches is very high, but they must be preserved as much as possible during operation, especially the subcallosal branches and the hypothalamic branches. Variation in the AcoA and the relationship between bilateral A1 and A2 are also important factors in the formation of aneurysms. Numerous studies have summarized the relationship between the AcoA and adjacent vessels and aneurysm formation. Factors such as fenestration deformity of the AcoA, size ratio, and the presence of A1 on the dominant side, have provided important reference for us to further study the formation of AcoA aneurysms. In terms of the choice of surgical and interventional treatments, treatments should be administered according to actual circumstances and should not be generalized because many factors affect the choice of treatment, such as the shape and size of the aneurysm, the anatomical relationship with the adjacent blood vessels, patient conditions, and the neurosurgeon's mastery of various treatment techniques.

For most AcoA aneurysms, it is possible to perform craniotomy through the pterion, and for aneurysms with good morphology, the supraorbital keyhole approach can also be used to achieve good clipping. For some aneurysms with special directions, combined approaches, such as the extra-orbital and lateral-longitudinal fissure approach or longitudinal fissure pterional approach, may have unique advantages, but the imaging characteristics need to be carefully analyzed before surgery. For the selection of the operative side, the conventional idea is to use the non-dominant hemisphere side and the A1 dominant blood supply side. However, for some aneurysms with special directions (superiorly projecting aneurysms), the anteroposterior relationship of bilateral A2 could affect the exposure of the aneurysm neck, the difficulty of operation, the resection rate of the gyrus rectus and the postoperative complications. Therefore, more research is needed to confirm the corresponding side selection, providing a very valuable idea for us to more elaborately study surgical strategies for AcoA aneurysm treatment.



AUTHOR CONTRIBUTIONS

JC, YW, and QC designed this research. XZ, CZ, WS, and YC collected the relevant literatures. JC, XZ, and ML wrote and revised the manuscript. YC revised the final manuscript critically for important intellectual content. YW and QC agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. All authors have read and approved the final manuscript.



FUNDING

This work was supported by Nanjing military area research fund major project (Grant/Award Number: 15DX003); Youth project of Wuxi Natural Science Foundation (Grant/Award Number: Q201611); Wuxi science and technology development fund project (Grant/Award Number: WX18IIAN041).



ACKNOWLEDGMENTS

We would like to thank all the participants in the study.



ABBREVIATIONS

AcoA, Anterior communicating artery; CTA, computerized tomography angiography; DSA, Digital Substraction Angiography; ACA, Anterior cerebral artery.



REFERENCES

 1. Froelich S, Cebula H, Debry C, Boyer P. Anterior communicating artery aneurysm clipped via an endoscopic endonasal approach: technical note. Neurosurgery. (2011) 68:310–5. doi: 10.1227/NEU.0b013e3182117063

 2. Morita A, Kirino T, Hashi K, Aoki N, Fukuhara S, Hashimoto N, et al. The natural course of unruptured cerebral aneurysms in a Japanese cohort. N Engl J Med. (2012) 366:2474–82. doi: 10.1056/NEJMoa1113260

 3. Wong H, Banfield J, Hughes N, Shankar JJS. Are anterior communicating aneurysms truly anterior communicating aneurysms? An observational study. World Neurosurg. (2019) 125:E1089–92. doi: 10.1016/j.wneu.2019.01.249

 4. Matsukawa H, Uemura A, Fujii M, Kamo M, Takahashi O, Sumiyoshi S. Morphological and clinical risk factors for the rupture of anterior communicating artery aneurysms clinical article. J. Neurosurg. (2013) 118:978–83. doi: 10.3171/2012.11.J.N.S.121210.

 5. Dehdashti AR, Chiluwal AK, Regli L. The implication of anterior communicating complex rotation and 3-dimensional computerized tomography angiography findings in surgical approach to anterior communicating artery aneurysms. World Neurosurg. (2016) 91:34–42. doi: 10.1016/j.wneu.2016.03.051

 6. Wilson ML, Fleming KA, Kuti MA, Looi LM, Lago N, Ru K. Pathology and laboratory medicine in low-income and middle-income countries 1: access to pathology and laboratory medicine services: a crucial gap. Lancet. (2018) 391:1927–38. doi: 10.1016/S0140-6736(18)30458-6

 7. Ivan ME, Safaee MM, Martirosyan NL, Rodriguez-Hernandez A, Sullinger B, Kuruppu P, et al. Anatomical triangles defining routes to anterior communicating artery aneurysms: the junctional and precommunicating triangles and the role of dome projection. J Neurosurg. (2019) 132:1–12. doi: 10.3171/2018.12.JNS183264

 8. Zheng J, Guo Z, Xu R, He Z, Sun X. Microsurgical treatment for patients with fenestrated anterior communicating artery aneurysms. World Neurosurg. (2019) 125:E807–11. doi: 10.1016/j.wneu.2019.01.173

 9. Bijlenga P, Ebeling C, Jaegersberg M, Summers P, Rogers A, Waterworth A, et al. Risk of rupture of small anterior communicating artery aneurysms is similar to posterior circulation aneurysms. Stroke. (2013) 44:3018–26. doi: 10.1161/STROKEAHA.113.001667

 10. Lee G-J, Eom K-S, Lee C, Kim D-W, Kang S-D. Rupture of very small intracranial aneurysms: incidence and clinical characteristics. J Cerebrovasc Endovasc Neurosurg. (2015) 17:217–22. doi: 10.7461/jcen.2015.17.3.217

 11. Moon K, Levitt MR, Almefty RO, Nakaji P, Albuquerque FC, Zabramski JM, et al. Treatment of ruptured anterior communicating artery aneurysms: equipoise in the endovascular era? Neurosurgery. (2015) 77:566–71. doi: 10.1227/NEU.0000000000000878

 12. Kirgis HD, Fisher WL, Llewellyn RC, Peebles EM. Aneurysms of the anterior communicating artery and gross anomalies of the circle of Willis. J Neurosurg. (1966) 25:73–8. doi: 10.3171/jns.1966.25.1.0073

 13. Yasargil MG, editor. Intracranial arteries. in Microneurosurgery. New York, NY: ThiemeMedical Publishers Inc. (1987). p. 101.

 14. Serizawa T, Saeki N, Yamaura A. Microsurgical anatomy and clinical significance of the anterior communicating artery and its perforating branches. Neurosurgery. (1997) 40:1211–16. doi: 10.1097/00006123-199706000-00019

 15. Yasui T, Kishi H, Komiyama M, Iwai Y, Yamanaka K, Nishikawa M, et al. The limitations of three-dimensional CT angiography (3D-CTA) in the diagnosis of cerebral aneurysms. Neurol Surg. (2000) 28:975–81.

 16. Okahara M, Kiyosue H, Mori H, Tanoue S, Sainou M, Nagatomi H. Anatomic variations of the cerebral arteries and their embryology: a pictorial review. Eur Radiol. (2002) 12:2548–61. doi: 10.1007/s00330-001-1286-x

 17. Proust F, Debono B, Hannequin D, Gerardin E, Clavier E, Langlois O, et al. Treatment of anterior communicating artery aneurysms: complementary aspects of microsurgical and endovascular procedures. J Neurosurg. (2003) 99:3–14. doi: 10.3171/jns.2003.99.1.0003

 18. Debono B, Proust F, Langlois O, Clavier E, Douvrin F, Derrey S, et al. Ruptured anterior communicating artery aneurysm. Therapeutic options in 119 consecutive cases. Neurochirurgie. (2004) 50:21–32. doi: 10.1016/S0028-3770(04)98302-6

 19. Rhoton AL. The supratentorial arteries. Neurosurgery. (2002) 51:S53–120. doi: 10.1097/00006123-200210001-00003

 20. Brandt RA. Antomical of the anterior cerebral and communicating arteries. Neurobiologia. (1975) 38:10.

 21. Pandey P, Steinberg GK. Neurosurgical advances in the treatment of Moyamoya disease. Stroke. (2011) 42:3304–10. doi: 10.1161/STROKEAHA.110.598565

 22. Suzuki M, Fujisawa H, Ishihara H, Yoneda H, Kato S, Ogawa A. Side selection of pterional approach for anterior communicating artery aneurysms - surgical anatomy and strategy. Acta Neurochir. (2008) 150:31–9. doi: 10.1007/s00701-007-1466-9

 23. Hyun S-J, Hong S-C, Kim J-S. Side selection of the pterional approach for superiorly projecting anterior communicating artery aneurysms. J Clin Neurosci. (2010) 17:592–6. doi: 10.1016/j.jocn.2009.09.024

 24. Avci E, Fossett D, Erdogan A, Egemen N, Attar A, Aslan M. Perforating branches of the anomalous anterior communicating complex. Clin Neurol Neurosurg. (2001) 103:19–22. doi: 10.1016/S0303-8467(01)00103-2

 25. Gomes F, Dujovny M, Umansky F, Ausman JI, Diaz FG, Ray WJ, et al. Microsurgical anatomy of the recurrent artery of heubner. J Neurosurg. (1984) 60:130–9. doi: 10.3171/jns.1984.60.1.0130

 26. González-Llanos F, Pascual J, Roda J. [Anatomic and hemodynamic study of anterior communicating artery complex]. Neurocirugia. (2002) 13:285–98. doi: 10.1016/S1130-1473(02)70602-7

 27. Vincentelli F, Lehman G, Caruso G, Grisoli F, Rabehanta P, Gouaze A. Extracerebral course of the perforating branches of the anterior communicating artery - microsurgical anatomical study. Surg Neurol. (1991) 35:98–104. doi: 10.1016/0090-3019(91)90258-B

 28. Poletti CE. A temporal approach to anterior communicating artery aneurysms - technical note. J Neurosurg. (1989) 71:144–6. doi: 10.3171/jns.1989.71.1.0144

 29. Akyuz M, Erylmaz M, Ozdemir C, Goksu E, Ucar T, Tuncer R. Effect of temporary clipping on frontal lobe functions in patients with ruptured aneurysm of the anterior communicating artery. Acta Neurol Scand. (2005) 112:293–7. doi: 10.1111/j.1600-0404.2005.00483.x

 30. Yamamoto Y, Fukuda H, Yamada D, Kurosaki Y, Handa A, Lo B, et al. Association of perforator infarction with clinical courses and outcomes following surgical clipping of ruptured anterior communicating artery aneurysms. World Neurosurg. (2017) 107:724–31. doi: 10.1016/j.wneu.2017.08.086

 31. Steklacova A, Bradac O, de Lacy P, Lacman J, Charvat F, Benes V. “Coil mainly” policy in management of intracranial ACoA aneurysms: single-centre experience with the systematic review of literature and meta-analysis. Neurosurg Rev. (2018) 41:825–39. doi: 10.1007/s10143-017-0932-y

 32. Finitsis S, Anxionnat R, Lebedinsky A, Albuquerque PC, Clayton MF, Picard L, et al. Endovascular treatment of ACom intracranial aneurysms report on series of 280 patients. Interv Neuroradiol. (2010) 16:7–16. doi: 10.1177/159101991001600101

 33. Abdihalim M, Watanabe M, Chaudhry SA, Jagadeesan B, Suri MFK, Qureshi AI. Are coil compaction and aneurysmal growth two distinct etiologies leading to recurrence following endovascular treatment of intracranial aneurysm? J Neuroimag. (2014) 24:171–5. doi: 10.1111/j.1552-6569.2012.00786.x

 34. Sluzewski M, Bosch JA, van Rooij WJ, Nijssen PCG, Wijnalda D. Rupture of intracranial aneurysms during treatment with Guglielmi detachable coils: incidence, outcome, and risk factors. J Neurosurg. (2001) 94:238–40. doi: 10.3171/jns.2001.94.2.0238

 35. Nguyen TN, Raymond J, Guilbert F, Roy D, Berube MD, Mahmoud M, et al. Association of endovascular therapy of very small ruptured aneurysms with higher rates of procedure-related rupture. J Neurosurg. (2008) 108:1088–92. doi: 10.3171/JNS/2008/108/6/1088

 36. Schuette AJ, Hui FK, Spiotta AM, Obuchowski NA, Gupta R, Moskowitz SI, et al. Endovascular therapy of very small aneurysms of the anterior communicating artery: five-fold increased incidence of rupture. Neurosurgery. (2011) 68:731–7. doi: 10.1227/NEU.0b013e3182077373

 37. Fang S, Brinjikji W, Murad MH, Kallmes DF, Cloft HJ, Lanzino G. Endovascular treatment of anterior communicating artery aneurysms: a systematic review and meta-analysis. Am J Neuroradiol. (2014) 35:943–7. doi: 10.3174/ajnr.A3802

 38. Consoli A, Vignoli C, Renieri L, Rosi A, Chiarotti I, Nappini S, et al. Assisted coiling of saccular wide-necked unruptured intracranial aneurysms: stent versus balloon. J Neurointerv Surg. (2016) 8:52–7. doi: 10.1136/neurintsurg-2014-011466

 39. Yasargil M. Microneurosurgery. New York, NY: Thieme (1984). p. 180–185.

 40. Bohnstedt BN, Conger AR, Edwards J, Ziemba-Davis M, Edwards G, Brom J, et al. Anterior communicating artery complex aneurysms: anatomic characteristics as predictors of surgical outcome in 300 cases. World Neurosurg. (2019) 122:E896–906. doi: 10.1016/j.wneu.2018.10.172

 41. Tateshima S, Murayama Y, Villablanca JP, Morino T, Takahashi H, Yamauchi T, et al. Intraaneurysmal flow dynamics study featuring an acrylic aneurysm model manufactured using a computerized tomography angiogram as a mold. J Neurosurg. (2001) 95:1020–7. doi: 10.3171/jns.2001.95.6.1020

 42. Matsukawa H, Fujii M, Akaike G, Uemura A, Takahashi O, Niimi Y, et al. Morphological and clinical risk factors for posterior communicating artery aneurysm rupture. J Neurosurg. (2014) 120:104–10. doi: 10.3171/2013.9.JNS13921

 43. Cai W, Shi D, Gong J, Chen G, Qiao F, Dou X, et al. Are morphologic parameters actually correlated with the rupture status of anterior communicating artery aneurysms? World Neurosurg. (2015) 84:1278–83. doi: 10.1016/j.wneu.2015.05.060

 44. Shao X, Wang H, Wang Y, Xu T, Huang Y, Wang J, et al. The effect of anterior projection of aneurysm dome on the rupture of anterior communicating artery aneurysms compared with posterior projection. Clin Neurol Neurosurg. (2016) 143:99–103. doi: 10.1016/j.clineuro.2016.02.023

 45. Cai W, Hu C, Gong J, Lan Q. Anterior communicating artery aneurysm morphology and the risk of rupture. World Neurosurg. (2018) 109:119–26. doi: 10.1016/j.wneu.2017.09.118

 46. LeRoux PD, Elliott JP, Newell DW, Grady MS, Winn HR. The incidence of surgical complications is similar in good and poor grade patients undergoing repair of ruptured anterior circulation aneurysms: a retrospective review of 355 patients. Neurosurgery. (1996) 38:887–93. doi: 10.1097/00006123-199605000-00006

 47. Wiebers D, Whisnant J, Forbes G, Meissner I, Brown R, Piepgras D, et al. Unruptured intracranial aneurysms - risk of rupture and risks of surgical intervention. N Engl J Med. (1998) 339:1725–33. doi: 10.1056/NEJM199812103392401

 48. Komotar RJ, Mocco J, Solomon RA. Guidelines for the surgical treatment of unruptured intracranial aneurysms: the first annual J. Lawrence Pool memorial research symposium - controversies in the management of cerebralaneurysms. Neurosurgery. (2008) 62:183–93. doi: 10.1227/01.NEU.0000311076.64109.2E

 49. Thompson BG, Brown RD Jr., Amin-Hanjani S, Broderick JP, Cockroft KM, Connolly ES Jr., et al. Guidelines for the management of patients with unruptured intracranial aneurysms a guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke. (2015) 46:2368–400. doi: 10.1161/STR.0000000000000070

 50. Choi JH, Jo KI, Kim KH, Jeon P, Yeon JY, Kim JS, et al. Morphological risk factors for the rupture of anterior communicating artery aneurysms: the significance of fenestration. Neuroradiology. (2016) 58:155–60. doi: 10.1007/s00234-015-1610-9

 51. de Gast AN, van Rooij WJ, Sluzewski M. Fenestrations of the anterior communicating artery: incidence on 3D angiography and relationship to aneurysms. Am J Neuroradiol. (2008) 29:296–8. doi: 10.3174/ajnr.A0807

 52. Dimmick SJ, Faulder KC. Fenestrated anterior cerebral artery with associated arterial anomalies case reports and literature review. Interv Neuroradiol. (2008) 14:441–5. doi: 10.1177/159101990801400410

 53. Jiang H, Weng Y-X, Zhu Y, Shen J, Pan J-W, Zhan R-Y. Patient and aneurysm characteristics associated with rupture risk of multiple intracranial aneurysms in the anterior circulation system. Acta Neurochir. (2016) 158:1367–75. doi: 10.1007/s00701-016-2826-0

 54. Lv N, Feng Z, Wang C, Cao W, Fang Y, Karmonik C, et al. Morphological risk factors for rupture of small (<7 mm) posterior communicating artery aneurysms. World Neurosurg. (2016) 87:311–5. doi: 10.1016/j.wneu.2015.12.055

 55. Raslan AM, Oztaskin M, Thompson EM, Dogan A, Petersen B, Nesbit G, et al. Neuroform stent-assisted embolization of incidental anterior communicating artery aneurysms: long-term clinical and angiographic follow-up. Neurosurgery. (2011) 69:27–37. doi: 10.1227/NEU.0b013e31820edbb6

 56. Bacigaluppi S, Piccinelli M, Antiga L, Veneziani A, Passerini T, Rampini P, et al. Factors affecting formation and rupture of intracranial saccular aneurysms. Neurosurg Rev. (2014) 37:1–14. doi: 10.1007/s10143-013-0501-y

 57. Gory B, Turjman F. Endovascular treatment of 404 intracranial aneurysms treated with nexus detachable coils: short-term and mid-term results from a prospective, consecutive, European multicenter study. Acta Neurochir. (2014) 156:831–7. doi: 10.1007/s00701-014-2047-3

 58. Bartolini B, Blanc R, Pistocchi S, Redjem H, Piotin M. “Y” and “X” Stent-assisted coiling of complex and wide-neck intracranial bifurcation aneurysms. Am J Neuroradiol. (2014) 35:2153–8. doi: 10.3174/ajnr.A4060

 59. Gory B, Klisch J, Bonafe A, Mounayer C, Beaujeux R, Moret J, et al. Solitaire AB stent-assisted coiling of wide-necked intracranial aneurysms: mid-term results from the SOLARE study. Neurosurgery. (2014) 75:215–9. doi: 10.1227/NEU.0000000000000415

 60. Feng Z, Zhang L, Li Q, Zhao R, Xu Y, Hong B, et al. Endovascular treatment of wide-neck anterior communicating artery aneurysms using the LVIS Junior stent. J Clin Neurosci. (2015) 22:1288–91. doi: 10.1016/j.jocn.2015.02.020

 61. Pierot L, Spelle L, Molyneux A, Byrne J, Webcast and French Observatory Investigators. Clinical and anatomical follow-up in patients with aneurysms treated with the WEB device: 1-year follow-up report in the cumulated population of 2 prospective, multicenter series (WEBCAST and French Observatory). Neurosurgery. (2016) 78:133–9. doi: 10.1227/NEU.0000000000001106

 62. Walcott BP, Stapleton CJ, Choudhri O, Patel AB. Flow diversion for the treatment of intracranial aneurysms. JAMA Neurol. (2016) 73:1002–8. doi: 10.1001/jamaneurol.2016.0609

 63. Labeyrie PE, Gory B, Aguilar-Perez M, Pomero E, Biondi A, Riva R, et al. The pCONus device for treatment of complex wide-neck anterior communicating artery aneurysms. World Neurosurg. (2017) 101:498–505. doi: 10.1016/j.wneu.2017.02.045

 64. Arthur AS, Molyneux A, Coon AL, Saatci I, Szikora I, Baltacioglu F, et al. The safety and effectiveness of the Woven EndoBridge (WEB) system for the treatment of wide-necked bifurcation aneurysms: final 12-month results of the pivotal WEB Intrasaccular Therapy (WEB-IT) Study. J Neurointerv Surg. (2019) 11:924–30. doi: 10.1136/neurintsurg-2019-014815

 65. Dmytriw AA, Phan K, Salem MM, Adeeb N, Moore JM, Griessenauer CJ, et al. The pipeline embolization device: changes in practice and reduction of complications in the treatment of anterior circulation aneurysms in a multicenter cohort. Neurosurgery. (2020) 86:266–71. doi: 10.1093/neuros/nyz059

 66. Malhotra A, Wu X, Miller T, Matouk CC, Sanelli P, Gandhi D. Comparative effectiveness analysis of pipeline device versus coiling in unruptured aneurysms smaller than 10 mm. J Neurosurg. (2020) 132:42–50. doi: 10.3171/2018.8.JNS181080

 67. Flores BC, Scott WW, Eddleman CS, Batjer HH, Rickert KL. The A1-A2 diameter ratio may influence formation and rupture potential of anterior communicating artery aneurysms. Neurosurgery. (2013) 73:845–52. doi: 10.1227/NEU.0000000000000125

 68. Rossitti S, Lofgren J. Vascular dimensions of the cerebral-arteries follow the principle of minimum work. Stroke. (1993) 24:371–7. doi: 10.1161/01.STR.24.3.371

 69. Ujiie H, Liepsch DW, Goetz M, Yamaguchi R, Yonetani H, Takakura K. Hemodynamic study of the anterior communicating artery. Stroke. (1996) 27:2086–93. doi: 10.1161/01.STR.27.11.2086

 70. Charbel FT, Seyfried D, Mehta B, Dujovny M, Ausman JI. Dominant A1: angiographic and clinical correlations with anterior communicating artery aneurysms. Neurol Res. (1991) 13:253–6. doi: 10.1080/01616412.1991.11740001

 71. Ye J, Zheng P, Hassan M, Jiang S, Zheng J. Relationship of the angle between the A1 and A2 segments of the anterior cerebral artery with formation and rupture of anterior communicating artery aneurysm. J Neurol Sci. (2017) 375:170–4. doi: 10.1016/j.jns.2017.01.062

 72. Kasuya H, Shimizu T, Nakaya K, Sasahara A, Hori T, Takakura K. Angles between A1 and A2 segments of the anterior cerebral artery visualized by three-dimensional computed tomographic angiography and association of anterior communicating artery aneurysms. Neurosurgery. (1999) 45:89–93. doi: 10.1227/00006123-199907000-00021

 73. Yang F, Li H, Wu J, Li M, Chen X, Jiang P, et al. Relationship of A1 segment hypoplasia with the radiologic and clinical outcomes of surgical clipping of anterior communicating artery aneurysms. World Neurosurg. (2017) 106:806–12. doi: 10.1016/j.wneu.2017.07.122

 74. Rinaldo L, McCutcheon BA, Murphy ME, Bydon M, Rabinstein AA, Lanzino G. Relationship of A(1) segment hypoplasia to anterior communicating artery aneurysm morphology and risk factors for aneurysm formation. J Neurosurg. (2017) 127:89–95. doi: 10.3171/2016.7.JNS16736

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.

Copyright © 2020 Chen, Li, Zhu, Chen, Zhang, Shi, Chen and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-11-01020-g005.gif





OPS/images/fneur-11-01020-g006.gif





OPS/images/fneur-11-01020-g003.gif





OPS/images/fneur-11-01020-g004.gif





OPS/images/fneur-11-01020-g007.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Anterior Communicating Artery Aneurysms: Anatomical Considerations and Microsurgical Strategies



		A General Overview of the Anterior Communicating Artery (AcoA) Aneurysms



		Anatomical Characteristics of the Adjacent Structures of AcoA Aneurysms



		The Main Trunk and Classification of the AcoA (Figure 1)



		Relationship Between AcoA and the A1 Segment of the Anterior Cerebral Artery (Figure 2)



		Recurrent Artery of Heubner (Figure 3)



		Relationship Between the AcoA and Lamina Terminalis and Optic Chiasm



		Relationship Between AcoA and Perforating Branch Vessels (Arising From the Posterior, Superior, Inferior Walls) (Figure 4)



		Subcallosal Branch



		Hypothalamic Branches



		Optic Chiasm Branch



		Anatomic Characteristics of AcoA Aneurysms and Their Relationship With Surgery



		Relationship Between Aneurysm Size and Surgery



		Relationship Between Aneurysm Direction and Surgery



		Relationship Between Aneurysm Morphology and Surgery



		Influence of the Location Relationship Between the Aneurysm and Bilateral A1 and A2 on Surgery



		Summary



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Anterior Communicating Artery
Aneurysms: Anatomical
Considerations and Microsurgical
Strategies





OPS/images/fneur-11-01020-g001.gif





OPS/images/fneur-11-01020-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





