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Introduction: Surgical clipping of superior hypophyseal artery (SHA) aneurysms is a challenging task for neurosurgeons due to their close anatomical relationships. The development of endovascular techniques and the difficulty in surgery have led to a decrease in the number of surgical procedures and thus the experience of neurosurgeons in this region. In this study, we aimed to reveal the microsurgical anatomy of the ipsilateral and contralateral approaches to SHA aneurysms and define their limitations via morphometric analyses of radiological anatomy, three-dimensional (3D) modeling, and surgical illustrations.



Method: Five fixed and injected cadaver heads underwent dissections. In order to make morphometric measurements, 75 cranial MRI scans were reviewed. Cranial scans were rendered with a module and used to produce 3D models of different anatomical structures. In addition, a medical illustration was drawn that shows different sizes of aneurysms and surgical clipping approaches.



Results: For the contralateral approach, pterional craniotomy and sylvian dissection were performed. The contralateral SHA was reached from the prechiasmatic area. The dissected SHA was approached with an aneurysm clip, and maneuverability was evaluated. For the ipsilateral approach, pterional craniotomy and sylvian dissection were performed. The ipsilateral SHA was reached by mobilizing the left optic nerve with left optic nerve unroofing and left anterior clinoidectomy. MRI measurements showed that the area of the prechiasm was 90.4 ± 36.6 mm2 (prefixed: 46.9 ± 10.4 mm2, normofixed: 84.8 ± 15.7 mm2, postfixed: 137.2 ± 19.5 mm2, p < 0.001), the distance between the anterior aspect of the optic chiasm and the limbus sphenoidale was 10.0 ± 3.5 mm (prefixed: 5.7 ± 0.8 mm, normofixed: 9.6 ± 1.6 mm, postfixed:14.4 ± 1.6 mm, p < 0.001), and optic nerves’ interneural angle was 65.2° ± 10.0° (prefixed: 77.1° ± 7.3, normofixed: 63.6° ± 7.7°, postfixed: 57.7° ± 5.7°, p: 0.010).



Conclusion: Anatomic dissections along with 3D virtual model simulations and illustrations demonstrated that the contralateral approach would potentially allow for proximal control and neck control/clipping in smaller SHA aneurysm with relatively minimal retraction of the contralateral optic nerve in the setting of pre- or normofixed chiasm, and ipsilateral approach requires anterior clinodectomy and optic unroofing with considerable optic nerve mobilization to control proximal ICA and clip the aneurysm neck effectively.
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INTRODUCTION

The superior hypophyseal artery (SHA) arises from the posteromedial surface of the internal carotid artery just distal to the distal dural ring. This terminology was first used by Day (1, 2). The SHA is responsible for the arterial supply of the pituitary stalk, optic nerves, and optic chiasm (2).

SHA aneurysms, together with carotid cave, posterior carotid wall, and carotid–ophthalmic aneurysms, are referred to as paraclinoid aneurysms (3, 4). Although SHA aneurysms are rare, they cause subarachnoid hemorrhage due to their intradural localization. Although the surgical treatment of SHA aneurysms has decreased with the development of endovascular treatment techniques, it still seems difficult to treat patients with low dome-to-neck ratios endovascularly.

First, the contralateral approach to bilateral carotid–ophtalmic aneurysms was defined by Yaşargil, and then, case series in the literature were shared by many authors (5–11). The surgical approach and clipping of SHA aneurysms are challenging for many reasons such as close proximity to important neurovascular structures, narrow surgical corridor, and difficulty in proximal control. Literature is scarce regarding the conditions and limits of the ipsilateral and contralateral approach for SHA aneurysms.

In this study, we aimed to reveal the microsurgical anatomy of the ipsilateral and contralateral approaches to SHA aneurysms and define their limitations via morphometric analyses of radiological anatomy, three-dimensional (3D) modeling, and surgical illustrations.



MATERIALS AND METHODS


Preparation of Specimens

In this study, five silicone-injected cadaver heads were used. Cadavers were fixed with a 10% formalin solution for at least 3 weeks. Silicone injection in all whole-head specimens was performed using the technique described by Shimizu et al. (12). Dissections were performed under ×6–40 magnification using a Zeiss Surgical Microscope (Carl Zeiss AG, Oberkochen, Germany). During the study period, all specimens were kept in a 75% alcohol solution. Three-dimensional images of each step of the dissection were obtained.



Radiological Examinations

In order to make morphometric measurements (perchiasmatic area, interneural angle, interneural length, etc.) in prefixed, normofixed, and postfixed chiasm types, we performed a thorough retrospective search on the institutional PACS for scans of patients 18–65 years who underwent any magnetic resonance imaging (MRI) of the head. We then reviewed patient charts and applied the following exclusion criteria: history of any brain or orbit tumor, enucleation of eye, optic nerve lesions, enlargement or atrophy of the optic nerve, raised intracranial pressure (treated or not), and ischemia, hemorrhage, or atrophy along the optic pathway. We included patients who had indications for MRI other than optic nerve lesions or any cranial mass effect lesions. Scans with poor visualization of the optic nerve were excluded.

A total of 75 MRIs with 18 prefixed, 36 normofixed, and 21 postfixed chiasms that met the eligibility criteria were selected. Retrospectively evaluated studies included MRI images from a 1.5 T MRI system (Magnetom Siemens Altea, Germany). Imaging parameters included FOV180, slice thickness of 0.8, TR-5.83, TE-2.53, frequency of 63.68 MHz, NEX-1, bandwidth of 399 Hz/Px, and measurements were done using a 64-bit medical image viewer for OS X. Horos DICOM viewer, an open-source software based upon OsiriX, was used to view the sectional MRI images and perform morphometric measurements.

In sagittal images evaluated for the location of the optic chiasm, the optic chiasm overlying the tuberculum sellae was termed as prefixed, the optic chiasm overlying the diaphragm sellae was termed as normal, and the optic chiasm overlying the dorsum sellae was termed as postfixed chiasm (Figure 1A). The angle between the medial (inner) border of the intracranial portion of bilateral optic nerves, termed the interneural angle, and between the medial aspect of the optic tracts, termed the optic tract angle, were calculated from the axial reformatted images along the intracranial optic nerves and optic tracts (Figure 1B). Parameters h, A, and B were defined to estimate the size of the prechiasmatic cistern. Parameter h (mm) is the distance between the anterior margin of the optic chiasm and the limbus sphenoidale, parameter A (mm) is the distance between the bilateral optic nerves at the entrance to the optic canal, and parameter B (mm) is the distance between the bilateral optic nerves forming the optic chiasm. Parameters h, A, and B were measured on an MRI slice made parallel to the long axis of the optic nerves (Figure 1C). The estimated size of the prechiasmatic area was calculated using the following formula: (A + B) × h/2 (Figure 2).


[image: Figure 1]
FIGURE 1 | (A) Sagittal MRI image showing a prefixed chiasm—overlying tuberculum sella. (B) Measurement of the interneural angle on axial reformatted images along the intracranial optic nerves. (C) Upper dashed yellow line shows the distance between the bilateral optic nerves at the entrance to the optic canal. The lower dashed yellow line shows the distance between the optic nerves just before they form the optic chiasm. The dashed red line shows the distance from the anterior aspect of the optic chiasm to the limbus sphenoidale.



[image: Figure 2]
FIGURE 2 | Graphic representation of the prechiasmatic space. h, the distance from the anterior aspect of the optic chiasm to the limbus sphenoidale; A, the distance between the bilateral optic nerves at the entrance to the optic canal; B, the distance between the optic nerves just before they form the optic chiasm. Prechiasmatic area (scanned area) calculated by using the trapezoid area formula: [(A + B) × h]/2.




Reconstruction of the Virtual 3D Simulation Model

All 3D planning and modeling studies were carried out with Mimics Innovation Suite 22.0 software (Materialise, Leuven, Belgium). Briefly, DICOM files of MRI or computed tomography (CT) scans were imported into Mimics. Radiological images were visualized on axial, coronal, and sagittal planes. The masking process was undertaken using hounsfield unit (HU) values on two-dimensional radiological images. Segmentation of various structures was done according to anatomical borders. Different imaging sequences were used for the segmentation of different intracranial structures: CT for bone, time of flight (TOF) MR angiography for arteries, and T2-weighted MRI for the optic nerve. All CT and MRI scans were merged and aligned with the Align Global Registration module. Surface rendering was used to produce 3D models of different anatomical structures. Then, a design module (3-matic 14.0, Materialise, Leuven, Belgium) was used for fine-tuning and detailed modeling. For this specific study, we artificially created variations to the existing anatomy (pre- and postfixed optic nerve, addition of SHA, addition of aneurysms of different sizes). This allowed us to simulate a surgical scenario by freely rotating, positioning, and trimming the model virtually. The optic nerve was made transparent to visualize the underlying SHA.



Statistical Analysis

The Statistical Package for the Social Sciences for Windows (version 15.0; IBM Corporation, Armonk, NY, USA) was used for statistical analysis. Results were expressed as mean, standard deviation, and percentage scores wherever appropriate. Measurements were compared in the prefixed, normofixed, and postfixed chiasms using a one-way ANOVA test. A p-value <0.05 was used to denote statistical significance.




RESULTS


Anatomical Aspects of the Ipsilateral and Contralateral Approach


Contralateral Approach

The right pterional approach was used in the first stage of dissection. After dural opening, proximal sylvian dissection was performed. MCA bifurcation, M1, lenticulostriate arteries, early temporal branch, ipsilateral and contralateral ICA, carotid bifurcation, A1, anterior clinoid process, ipsilateral and contralateral optic nerves, prechiasmatic area, and optic chiasma were identified (Figures 3A,B). The SHA originating from the medial surface of the ophthalmic segment of the ICA was identified by a slight elevation of the left optic nerve with the opening of the prechiasmatic cistern. Again, in the same exposure, the left PComA was in the field of view. It was observed that the SHA extended toward the pituitary gland, pituitary stalk, and optic nerve. Terminal branches from the artery were seen to extend from below the chiasm to the floor of the third ventricle (Figures 3C,D).


[image: Figure 3]
FIGURE 3 | Right pterional exposure of the preoptic chiasm and circle of Willis, contralateral approach to the left superior hypophyseal artery. (A) Right frontotemporal bone flap is elevated, and the dura is opened. The right frontal and temporal lobes have been retracted to expose the right carotid artery entering the dura medial to the anterior clinoid process. Right–left optic nerves, optic chiasma, prechiasmatic area, left carotid artery, and left superior hypophyseal artery are visible. (B) Exposure has been extended between the chiasm and frontal lobe to the left posterior communicating artery (PCoA) left superior hypophyseal artery arising from the ophthalmic segment. (C) PCoA, the course of the left superior hypophyseal artery, is exposed through left optic nerve mobilization. (D) Aneurysm of the left superior hypophyseal has been illustrated and approached with an aneurysm clip to mimic the contralateral surgical approach.




Ipsilateral Approach

In the left pterional approach to a different specimen, following sylvian dissection, MCA bifurcation, superior and inferior trunk, anterior clinoid process, carotid artery, and optic nerve were revealed (Figure 4A). When the dissection was extended, the SHA was identified in the left opticocarotid triangle. Subsequently, intradural anterior clinoidectomy was performed. The falciform ligament is defined and incised. Cutting the falciform ligament was beneficial for mobilizing the optic nerve. The optical canal is defined, and the optic roof is removed (Figures 4B,C). After optic unroofing, the optic nerve was mobilized. After mobilization, it was observed that the SHA originated from the medial of the ICA-ophthalmic segment, extended medially and posteriorly, and a surgical corridor was created (Figure 4D).


[image: Figure 4]
FIGURE 4 | Left pterional exposure of the preoptic chiasm and circle of Willis, the ipsilateral approach to the left superior hypophyseal artery. (A) Left frontotemporal bone flap is elevated, and the dura is opened. The left frontal and temporal lobes have been retracted to expose the left carotid artery entering the dura medial to the anterior clinoid process. The left optic nerve, anterior clinoid process, and prechiasmatic area are seen. (B) Exposure has been extended between the chiasm and the frontal lobe. Pituitary stalk and left superior hypophyseal artery are seen between the left optic nerve and left carotid artery. The optic canal roof is depicted by a dashed yellow line. (C) Optic canal roof, depicted by a dashed white line, is removed. The anterior clinoid process is depicted by a dashed yellow line. (D) Anterior clinoid process, depicted by a dashed white line, is removed and the left optic nerve is mobilized. The corridor for the ipsilateral approach to the left superior hypophyseal artery is seen (dashed yellow line) between the left optic nerve and the mobilized left carotid artery.


Figures 5, 6 show the 3D model and artistic depiction of the ipsilateral and contralateral approaches. Virtual 3D model simulations included bilateral SHA aneurysm scenarios and represented three different chiasm variations based on real measurements (mean values obtained in the following section were used for simulations).


[image: Figure 5]
FIGURE 5 | 3D models of chiasm types and the relationship of the prechiasmatic area – aneurysms. (A) Prefixed chiasm type, regardless of its size and shape, the aneurysm remains below the optic chiasm. Consequently, there is not enough space for the contralateral approach. (B) Normofixed chiasm type provides sufficient space for the contralateral approach, depending on the shape and size of the aneurysm. (C) Postfixed chiasm type provides sufficient space for the contralateral approach, more than the normofixed chiasm type, depending on the shape and size of the aneurysm.



[image: Figure 6]
FIGURE 6 | Illustration of superior hypophyseal artery aneurysms, contralateral–ipsilateral aneurysm clipping. The right superior hypophyseal artery has aneurysms that are not suitable for the contralateral approach because of the aneurysm size and the challenge of reaching the aneurysm dome. Also, this aneurysm’s pressure on the optic nerve has been illustrated. This aneurysm is suitable for the ipsilateral approach. On the other hand, the illustrated left superior hypophyseal artery aneurysm is suitable for the contralateral approach because of the aneurysm size (small). Also, this aneurysm allows reaching the aneurysm dome by the contralateral approach. Printed with permission from Ufuk Köse.


Anatomic dissections along with 3D virtual model simulations and illustrations demonstrated that (i) the contralateral approach would potentially allow for proximal control and neck control/clipping in smaller SHA aneurysm with relatively minimal retraction of the contralateral optic nerve in the setting of pre- or normofixed chiasm and (ii) the ipsilateral approach requires anterior clinodectomy and optic unroofing with considerable optic nerve mobilization to effectively control proximal ICA and clip the aneurysm neck.




Morphometric Analysis

A total of 75 patients [37 males (49.3%) and 38 females (50.7%)] were included in the study. Chiasm types were 18 (24%) prefixed, 36 (48%) normofixed, and 21 (28%) postfixed. Prefixed chiasm group’s age was 41.8 ± 10.6 years, normofixed chiasm group’s age was 37.9 ± 13.9 years, and postfixed chiasm group’s age was 38.9 ± 12 years. There was no significant difference in sex and age distribution groups.

The distance between the bilateral optic nerves at the entrance to the optic canal in all patients was 14.7 ± 1.9 mm, in the prefixed group was 12.8 ± 1.6 mm, in the normofixed group was 14.8 ± 1.5 mm, and in the postfixed group was 16 ± 1.4 mm, and there was no significant difference (Figures 1, 2).

The distance between bilateral optic nerves where they form the optic chiasm in all patients was 13.1 ± 0.9 mm, in the prefixed group was 3.5 ± 0.9 mm, in the normofixed group was 2.9 ± 0.8 mm, and in the postfixed group was 3.1 ± 1.0 mm, and there was no significant difference (Figures 1, 2).

The distance between the anterior aspect of the optic chiasm to the limbus sphenoidale in all patients was 10.0 ± 3.5 mm, in the prefixed group was 5.7 ± 0.8 mm, in the normofixed group was 9.6 ± 1.6 mm, and in the postfixed group was14.4 ± 1.6 mm, and there was no significant difference between distribution groups (Figures 1, 2) (p < 0.001).

The optic nerves' interneural angle in all patients was 65.2° ± 10.0°, in the prefixed group was 77.1° ± 7.3°, in the normofixed group was 63.6 ° ± 7.7°, in the postfixed group was 57.7° ± 5.7°, and there was no significant difference between distribution groups (Figure 7) (p = 0.010).


[image: Figure 7]
FIGURE 7 | Comparison of the interneural angle in prefixed, normofixed, and postfixed optic chiasm types.


The length of the medial side of the right optic nerve in all patients was 11.3 ± 3.0 mm, in the prefixed group was 8.0 ± 1.1 mm, in the normofixed group was 10.8 ± 1.5 mm, and in the postfixed group was 15.1 ± 1.5 mm, and there was no significant difference between distribution groups (p < 0.001).

The length of the medial side of the left optic nerve in all patients was 11.2 ± 2.8 mm, in the prefixed group was 7.9 ± 1.0 mm, in the normofixed group was 10.9 ± 1.6 mm, and in the postfixed group was 14.7 ± 1.2 mm, and there was no significant difference between distribution groups (p < 0.001).

The area of the prechiasm in all patients was 90.4 ± 36.6 mm2, in the prefixed group was 46.9 ± 10.4 mm2, in the normofixed group was 84.8 ± 15.7 mm2, and in the postfixed group was 137.2 ± 19.5 mm2, and there was no significant difference between distribution groups (Figure 8) (p < 0.001).


[image: Figure 8]
FIGURE 8 | Comparison of the prechiasmatic space in prefixed, normofixed, and postfixed optic chiasm types.





DISCUSSION

This study is the first investigation to combine cadaveric dissections with morphometric radiologic analyses and 3D simulations to examine the superior hypophysial artery with a focus on its aneurysms. Here, we first described relevant anatomy using cadaveric dissections. Then, we presented morphometric measurements appropriate for ipsilateral and contralateral approaches for SHA aneurysms. Finally, we provided virtual 3D simulations of surgical scenarios using morphometric data to inform surgical decision-making.

The superior pituitary artery was first described by von Lusckha (13). Dawson (14) detailed information on the SHA anatomy and reported that it originated from the ICA. Over time, information has revealed that SHA is actually a vascular complex originating from the medial aspect of the segment of the ICA between the ophthalmic artery and the posterior communicating artery (15–17). Recently, the term primary and secondary SHA was used for the first time in the study of Truong et al. (18), in which 110 SHAs originating from 60 ICAs were examined in the endoscopic study in which they examined the surgical anatomy of SHA. According to their findings, two SHAs, proximal and distal, were detected at a rate of 70%. The primary term was used for proximal SHA that feeds the optic nerve, optic chiasm, and infundibulum and travels in the preinfundibular space; the secondary term for SHA that feeds the infundibulum, tuber cinereum, optic tracts, and mammillary bodies and extends in the retroinfundibular or parainfundibular space. Moreover, they stated that there is a single SHA of 18.3% and a third SHA of 8.3%. In addition, they stated that the primary SHA originates from the ophthalmic segment of the ICA at a rate of 1/3 and the clinoidal segment of the ICA at a rate of 2/3 from the distal of the distal dural ring and from the proximal of the distal dural ring, and even half of them originate from the carotid cave. They showed that it has complicated and variational anatomy (18).

The complicated anatomy of SHA is a factor that makes surgery challenging. Complex procedures such as the complexity of the surgical anatomy of the area of SHA, the proximity of SHA to important neurovascular structures in the suprasellar area (optic nerve, chiasm, pituitary stalk, other arterial branches), the need for anterior clinoidectomy to provide proximal control of the ICA and to define the proximal aspect of the aneurysmal neck, optic nerve decompression and mobilization, and opening of the carotid collar are the factors that increase the degree of surgical difficulty in aneurysms (19). In addition, the authors mentioned the problem of accessing the infrachiasmatic space and the difficulty in dissection of SHA (14, 17). In our study, similar to the literature, it was found that it was not possible to provide proximal control in large aneurysms, especially in the contralateral approach.

One of the most important complications that develop due to these difficulties is visual deficits. In two cases presented by El Refaee et al. (20), SHA was occluded during SHA aneurysm surgery, and it was reported that superior quadranopsia developed in one of the patients. Johnson et al. (21) stated that homonymous hemianopsia developed after the operation in a patient who underwent SHA aneurysm embolization. Horiuchi et al. (22) stated that a visual deficit of 13% was observed in a series of 70 patients with SHA aneurysms, and it was commented that unilateral sacrification could not always be performed in SHA aneurysms.

Another problem in SHA aneurysms is the direction of the surgical approach. The common approach in ophthalmic segment aneurysms of the ICA is the ipsilateral pterional approach (23, 24). On the contrary, some authors suggest that surgery should be performed from the contralateral side in paraclinoid and ophthalmic ICA, especially in the ophthalmic segment and SHA aneurysms, since the aneurysm originates from the medial wall of the ICA, but they state that the problem of proximal control also poses a serious disadvantage (10, 11, 25, 26). In the presence of a bilateral aneurysm, a bilateral approach with unilateral craniotomy is recommended (11, 26–28). Finally, another type of surgical approach used in ophthalmic ICA aneurysms is the subfrontal interhemispheric approach (10).

The distance to the lesion and the prechiasmatic space are very important in the contralateral approach. We think that the type of chiasm is one of the most important points in the contralateral approach. In the study of de Oliveira et al. (25) on the contralateral approach to aneurysms, it was stated that the preference for the contralateral approach in ophthalmic ICA aneurysms depends on the size and projection of the aneurysm and its relations with the optic nerve, carotid artery, and anterior clinoid process. It has been stated that anatomical variations of the chiasm, such as the prefix chiasm, may interfere with the contralateral approach since access to the aneurysm is made between the optic nerves. Ophthalmic ICA aneurysms are divided into four types according to their projections, and the most common type is the subchiasmal type that projects medially and originates from the medial surface, but Nishio et al. (10) also drew attention to the effect of the proximity of the neck of the aneurysm to the exit point of the ophthalmic artery on surgery. They stated that the inability to see the origin of the ophthalmic artery in ipsilateral surgery complicates the ipsilateral approach. Since the ipsilateral optic nerve blocks the view of the origin of the ophthalmic artery and the medial aspect of the ipsilateral ICA, mobilization of the optic nerve is necessary to view these areas. For this reason, it has been reported that it is necessary to open the roof of the optic canal, remove the anterior clinoid process and tuberculum sella, and in some cases even a part of the optic nerve. Because of these maneuvers, postoperative visual impairment may be a serious problem in the ipsilateral approach (10). In the contralateral approach, the medial and inferior aspects of the ophthalmic segment of the ICA and the origin of the contralateral ophthalmic artery can be seen without the need for manipulation of the optic nerve; therefore, the aneurysm originating from the anterior, medial, and inferior of the ophthalmic ICA can be reached without causing visual impairment with a contralateral approach (10). Despite these advantages, the contralateral approach may not be suitable for large and ruptured aneurysms. Another handicap of the contralateral approach is that it can cause bilateral olfactory nerve damage and develop a permanent sense of smell (10). In the setting of large and anteromedially protruding aneurysms and prefixed chiasm, which prevents a contralateral approach, a combined contralateral pterional and interhemispheric approach has also been proposed (29). However, if the aneurysm neck is small and there is a space between the anterior wall of the aneurysm and tuberculum sellae, it might be possible to clip even giant aneurysms through a contralateral approach without optic injury (30).

Carotid cave aneurysms, one of the segments where SHA can originate, can be given as an example of a special type of intracranial aneurysm where the surgical approach is the most challenging. In the carotid cave aneurysm series of 31 cases by Sheikh et al. (28), the contralateral approach was applied to four patients, and the contralateral approach was recommended in this type of aneurysm because it does not cause optic damage and can be easily applied in multiple and bilateral aneurysms. Kakizawa et al. (7) reported the necessary parameters for the contralateral approach for ICA-ophthalmic aneurysms. They identified that the direction of the aneurysm from ICA on the anteroposterior angiogram and the distance between the medial aspect of the distal dural ring and the proximal aneurysm neck on the lateral angiogram were two important factors in predicting the difficulty in the contralateral approach.

Although there are many studies on ophthalmic ICA aneurysms in the literature, there are limited studies on isolated SHA aneurysms. Although it has been stated that most paraclinoid aneurysms are associated with SHA, occlusion may not cause any deficit during the treatment of SHA aneurysm, and therefore, SHA can occasionally be sacrificed in some cases; there is no way to predict whether or not an obliteration of SHA would cause visual deficits (31). Despite the peculiarities of SHA aneurysms and their differences from other ophthalmic segment aneurysms, there is limited literature on isolated SHA aneurysms. Neurosurgeons dealing with these aneurysms need more focused guidance for these pathologies, considering the complex anatomy of SHA and the expectation of no deficits in the postoperative period in unruptured aneurysms. Most of the available studies on isolated SHA aneurysms are clinical series presentations. In the series of eight cases by Chen et al. (32), surgery was performed with the contralateral approach in nonruptured SHA aneurysms, and it was stated that no complications, including the optic deficit, developed and the contralateral approach was safe and technically possible in unruptured aneurysms. Godbole et al. (19) presented a new classification based on parameters such as aneurysm size, origin, relationship with important structures, and type (saccular, fusiform) over 14 disease series including ruptured and unruptured SHA aneurysms. They argued that detailed information about anatomical variations is necessary in order to achieve satisfactory results in their study, where they stated that, according to their results, there was no interpretation of the optic deficit in five patients, optic deficit was absent in seven patients, and optic deficit occurred in two patients (19). In parallel to Godbole et al. (19), we identified conditions and limitations of ipsilateral and contralateral approaches to SHA aneurysms combining anatomical study with morphometric analyses and 3D simulations. The findings of the study may aid neurosurgeons in choosing the proper approach for SHA aneurysms. Hereby, we stress the utmost importance of patient-specific radiological anatomy. Indeed, even the intraoperative monitoring of visual evoked potentials might not be sufficient to prevent visual deficits in these surgeries (33–36).


Strengths and Limitations

This study combined different methodologies to study the microsurgical anatomy of SHA and its aneurysms. Robust morphometric analysis and its integration with the 3D virtual model simulation are its strengths. However, it has certain limitations, too. First, we did not study anatomic variations of SHA. Second, we did not examine angiographic variations related to SHA aneurysms. Third, although simulations can be potentially enriched by introducing endless variations, they only provide anatomic relationships but do not inform about the challenges faced in real-world settings such as adherence of aneurysm wall to adjacent structures and the extent to which optic nerves can be mobilized. Further studies with the incorporation of angiographic images into simulations can better inform decision-making processes.




CONCLUSION

This study is the first investigation to combine cadaveric dissections with morphometric radiologic analyses and 3D simulations to examine superior hypophysial artery with a focus on its aneurysms. Anatomic dissections along with 3D virtual model simulation and illustrations demonstrated that (i) the contralateral approach would potentially allow for proximal control and neck control/clipping in smaller SHA aneurysm with relatively minimal retraction of the contralateral optic nerve in the setting of pre- or normofixed chiasm and (ii) the ipsilateral approach requires anterior clinodectomy and optic unroofing with considerable optic nerve mobilization to effectively control proximal ICA and clip the aneurysm neck. Careful examination of preoperative imaging studies and patient-specific 3D modeling may further help surgeons choose the right approach to tackle SHA aneurysms.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors without undue reservation.



AUTHOR CONTRIBUTIONS

BS: conceptualization, methodology, investigation, format analysis, data curation, visualization, and writing – original draft preparation; SOA: validation, investigation, and data curation; MOY: validation and formal analysis; TS: formal analysis, resources, and visualization; SH: software, validation, and resources; GA: validation and resources; OB: conceptualization, methodology, investigation, format analysis, visualization, and writing – original draft preparation; TK: conceptualization and supervision. All authors contributed to the article and approved the submitted version.



FUNDING

This study was partly supported by the Turkish Neurosurgical Society.



ACKNOWLEDGMENTS

This study was partly supported by the Turkish Neurosurgical Society. The authors thank Osman Tunc for his assistance in 3D modeling.



REFERENCES

1. Day AL. Aneurysms of the ophthalmic segment. A clinical and anatomical analysis. J Neurosurg. (1990) 72:677–91. doi: 10.3171/jns.1990.72.5.0677

2. Krisht AF, Barrow DL, Barnett DW, Bonner GD, Shengalaia G. The microsurgical anatomy of the superior hypophyseal artery. Neurosurgery. (1994) 35:899–903; discussion 903. doi: 10.1227/00006123-199411000-00014

3. Batjer HH, Kopitnik TA, Giller CA, Samson DS. Surgery for paraclinoidal carotid artery aneurysms. J Neurosurg. (1994) 80:650–8. doi: 10.3171/jns.1994.80.4.0650

4. Barami K, Hernandez VS, Diaz FG, Guthikonda M. Paraclinoid carotid aneurysms: surgical management, complications, and outcome based on a new classification scheme. Skull Base. (2003) 13:31–41. doi: 10.1055/s-2003-820555

5. Gurian JH, Viñuela F, Guglielmi G, Gobin YP, Duckwiler GR. Endovascular embolization of superior hypophyseal artery aneurysms. Neurosurgery. (1996) 39:1150–4; discussion 1154–6. doi: 10.1097/00006123-199612000-00016

6. Kwon O-K, Kim SH, Oh CW, Han MH, Kang H-S, Kwon BJ, et al. Embolization of wide-necked aneurysms with using three or more microcatheters. Acta Neurochir (Wien). (2006) 148:1139–45; discussion 1145. doi: 10.1007/s00701-006-0876-4

7. Kakizawa Y, Tanaka Y, Orz Y, Iwashita T, Hongo K, Kobayashi S. Parameters for contralateral approach to ophthalmic segment aneurysms of the internal carotid artery. Neurosurgery. (2000) 47:1130–6; discussion 1136–7. doi: 10.1097/00006123-200011000-00022

8. Sheikh B, Ohata K, El-Naggar A, Baba M, Hong B, Hakuba A. Contralateral approach to junctional C2-C3 and proximal C4 aneurysms of the internal carotid artery: microsurgical anatomic study. Neurosurgery. (2000) 46:1156–60; discussion 1160–1. doi: 10.1097/00006123-200005000-00027

9. Clatterbuck RE, Tamargo RJ. Contralateral approaches to multiple cerebral aneurysms. Neurosurgery. (2005) 57:160–3; discussion 160–3. doi: 10.1227/01.neu.0000163601.37465.6e

10. Nishio S, Matsushima T, Fukui M, Sawada K, Kitamura K. Microsurgical anatomy around the origin of the ophthalmic artery with reference to contralateral pterional surgical approach to the carotid-ophthalmic aneurysm. Acta Neurochir (Wien). (1985) 76:82–9. doi: 10.1007/BF01418465

11. Fries G, Perneczky A, van Lindert E, Bahadori-Mortasawi F. Contralateral and ipsilateral microsurgical approaches to carotid-ophthalmic aneurysms. Neurosurgery. (1997) 41:333–42; discussion 342–3. doi: 10.1097/00006123-199708000-00001

12. Shimizu S, Tanaka R, Rhoton AL, Fukushima Y, Osawa S, Kawashima M, et al. Anatomic dissection and classic three-dimensional documentation: a unit of education for neurosurgical anatomy revisited. Neurosurgery. (2006) 58:E1000; discussion E1000. doi: 10.1227/01.NEU.0000210247.37628.43

13. von Luschka H. Die Hirnanhang und die Streissdruse des Menschen. Berlin: G Reimer (1860).

14. Dawson BH. The blood vessels of the human optic chiasma and their relation to those of the hypophysis and hypothalamus. Brain. (1958) 81:207–17. doi: 10.1093/brain/81.2.207

15. Gibo H, Lenkey C, Rhoton AL. Microsurgical anatomy of the supraclinoid portion of the internal carotid artery. J Neurosurg. (1981) 55:560–74. doi: 10.3171/jns.1981.55.4.0560

16. Leclercq TA, Grisoli F. Arterial blood supply of the normal human pituitary gland. An anatomical study. J Neurosurg. (1983) 58:678–81. doi: 10.3171/jns.1983.58.5.0678

17. Gibo H, Kobayashi S, Kyoshima K, Hokama M. Microsurgical anatomy of the arteries of the pituitary stalk and gland as viewed from above. Acta Neurochir (Wien). (1988) 90:60–6. doi: 10.1007/BF01541268

18. Truong HQ, Najera E, Zanabria-Ortiz R, Celtikci E, Sun X, Borghei-Razavi H, et al. Surgical anatomy of the superior hypophyseal artery and its relevance for endoscopic endonasal surgery. J Neurosurg. (2018) 131:154–62. doi: 10.3171/2018.2.JNS172959

19. Godbole C, Behari S, Bhaisora KK, Sardhara J, Srivastava A, Mehrotra A, et al. Surgery for superior hypophyseal artery aneurysms: a new classification and surgical considerations. Neurol India. (2017) 65:588–99. doi: 10.4103/neuroindia.NI_229_17

20. El Refaee E, Baldauf J, Balau V, Rosenstengel C, Schroeder H. Is it safe to sacrifice the superior hypophyseal artery in aneurysm clipping? A report of two cases. J Neurol Surg A Cent Eur Neurosurg. (2013) 74(Suppl 1):e255–60. doi: 10.1055/s-0033-1349336

21. Johnson JN, Elhammady M, Post J, Pasol J, Ebersole K, Aziz-Sultan MA. Optic pathway infarct after Onyx HD 500 aneurysm embolization: visual pathway ischemia from superior hypophyseal artery occlusion. J Neurointerv Surg. (2014) 6:e47. doi: 10.1136/neurintsurg-2013-010968.rep

22. Horiuchi T, Goto T, Tanaka Y, Kodama K, Tsutsumi K, Ito K, et al. Role of superior hypophyseal artery in visual function impairment after paraclinoid carotid artery aneurysm surgery. J Neurosurg. (2015) 123:460–6. doi: 10.3171/2014.12.JNS141218

23. Rhoton AL, Rhoton AL, Congress of Neurological Surgeons. Rhoton cranial anatomy and surgical approaches. Philadelphia: Lippincott Williams & Wilkins (2003).

24. Yasargil MG, Fox JL. The microsurgical approach to intracranial aneurysms. Surg Neurol. (1975) 3:7–14.

25. de Oliveira E, Tedeschi H, Siqueira MG, Ono M, Fretes C, Rhoton AL, et al. Anatomical and technical aspects of the contralateral approach for multiple aneurysms. Acta Neurochir (Wien). (1996) 138:1–11; discussion 11. doi: 10.1007/BF01411716

26. Nakao S, Kikuchi H, Takahashi N. Successful clipping of carotid-ophthalmic aneurysms through a contralateral pterional approach. Report of two cases. J Neurosurg. (1981) 54:532–6. doi: 10.3171/jns.1981.54.4.0532

27. Vajda J, Juhász J, Pásztor E, Nyáry I. Contralateral approach to bilateral and ophthalmic aneurysms. Neurosurgery. (1988) 22:662–8. doi: 10.1227/00006123-198804000-00007

28. Sheikh B, Ohata K, El-Naggar A, Hong B, Tsuyuguchi N, Hakuba A. Contralateral approach to carotid cave aneurysms. Acta Neurochir (Wien). (2000) 142:33–7. doi: 10.1007/s007010050004

29. Shiokawa Y, Aoki N, Saito I, Mizutani H. Combined contralateral pterional and interhemispheric approach to a subchiasmal carotid-ophthalmic aneurysm. Acta Neurochir (Wien). (1988) 93:154–8. doi: 10.1007/BF01402900

30. Hongo K, Watanabe N, Matsushima N, Kobayashi S. Contralateral pterional approach to a giant internal carotid-ophthalmic artery aneruysm: technical case report. Neurosurgery. (2001) 48:955–7; discussion 957–9. doi: 10.1097/00006123-200104000-00059

31. Goto T, Tanaka Y, Kodama K, Kusano Y, Sakai K, Hongo K. Loss of visual evoked potential following temporary occlusion of the superior hypophyseal artery during aneurysm clip placement surgery. Case report. J Neurosurg. (2007) 107:865–7. doi: 10.3171/JNS-07/10/0865

32. Chen S, Kato Y, Kumar A, Sinha R, Oguri D, Oda J, et al. Contralateral approach to unruptured superior hypophyseal artery aneurysms. J Neurol Surg A Cent Eur Neurosurg. (2013) 74:18–24. doi: 10.1055/s-0032-1326944

33. Cedzich C, Schramm J. Monitoring of flash visual evoked potentials during neurosurgical operations. Int Anesthesiol Clin. (1990) 28:165–9. doi: 10.1097/00004311-199002830-00006

34. Harding GF, Bland JD, Smith VH. Visual evoked potential monitoring of optic nerve function during surgery. J Neurol Neurosurg Psychiatry. (1990) 53:890–5. doi: 10.1136/jnnp.53.10.890

35. Sasaki T, Itakura T, Suzuki K, Kasuya H, Munakata R, Muramatsu H, et al. Intraoperative monitoring of visual evoked potential: introduction of a clinically useful method. J Neurosurg. (2010) 112(2):273–84. doi: 10.3171/2008.9.JNS08451

36. Wiedemayer H, Fauser B, Armbruster W, Gasser T, Stolke D. Visual evoked potentials for intraoperative neurophysiologic monitoring using total intravenous anesthesia. J Neurosurg Anesthesiol. (2003) 15:19–24. doi: 10.1097/00008506-200301000-00004


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.

Copyright © 2022 Sahin, Aydin, Yilmaz, Saygi, Hanalioglu, Akyoldas, Baran and Kiris. 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/fsurg-09-915310-g004.jpg
—Sup. Hyp. A.
—A1
—Lent. Str. A.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Contralateral vs. Ipsilateral Approach to Superior Hypophyseal Artery Aneurysms: An Anatomical Study and Morphometric Analysis

		Introduction



		Materials and Methods



		Preparation of Specimens



		Radiological Examinations



		Reconstruction of the Virtual 3D Simulation Model



		Statistical Analysis











		Results



		Anatomical Aspects of the Ipsilateral and Contralateral Approach



		Contralateral Approach



		Ipsilateral Approach











		Morphometric Analysis











		Discussion



		Strengths and Limitations











		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		References



















OPS/images/cover.jpg
’ frontiers
in Nutrition

Contralateral vs. Ipsilateral Approach to
Superior Hypophyseal Artery Aneurysms: An
Anatomical Study and Morphometric Analysis





OPS/images/fsurg-09-915310-g003.jpg
Liely B,
|






OPS/images/fsurg-09-915310-g006.jpg
Aneurysm

Internal carotid
artery

Pituitary gland

Pressure on
optic nerve

Vascular
clip

Superior hypophyseal
artery






OPS/images/fsurg-09-915310-g005.jpg
Prefixed chiasm Normofixed chiasm Postfixed chiasm





OPS/images/fsurg-09-915310-g008.jpg
200 mm?

150 mm?

100 mm?

50 mm?

0mm?

Prefixed

Normofixed
Chiasm Type

Postfixed





OPS/images/fsurg-09-915310-g007.jpg
80°

70°

60°

50°

Prefixed

Normofixed
Chiasm Type

Postfixed









OPS/images/fsurg-09-915310-g002.jpg
Area: (A+B)xh/2






OPS/images/fsurg-09-915310-g001.jpg





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





