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Background

The treatment for giant pituitary adenomas (GPAs, maximal diameter >4 cm) remains challenging, with remarkable mortality and morbidity, and there is no consensus on the optimal surgical approach. Gross total resection (GTR) for GPAs is difficult to achieve through a single transsphenoidal or transcranial approach. Any residual tumor is at risk for postoperative apoplexy. In this study, we propose a new surgical technique for resecting the GPAs in a sing-stage transcranial surgery.



Methods

A retrospective review of 4 patients with complicated GPAs, who had been treated via an endoscopic transcranial transdiaphragmatic approach in a single-stage surgery after routine transcranial resection, was performed. The following data was analyzed: clinical characteristics, preoperative imaging studies, resection rate, perioperative morbidity and mortality, as well as postoperative outcomes.



Results

All patients had nonfunctioning GPAs and preoperative visual disturbances. In three patients, GTR was achieved, and in one patient, near-total resection (90%-100% of the tumor) was achieved. Three patients attained improved postoperative visual function, while one patient’s vision remained unchanged. One patient suffered a deficiency in adrenocorticotropic hormone along with thyroid-stimulating hormone, and one patient developed diabetes insipidus. Notably, none of the patients suffered cerebrospinal fluid leakage. However, one patient developed an epidural hematoma and underwent decompressive craniectomy.



Conclusions

The endoscopic transcranial transdiaphragmatic approach in a single-stage surgery can be efficiently and safely performed for maximal excision of GPAs with extensive suprasellar extension. Furthermore, relative to the conventional combined or staged approaches, this innovative surgical strategy provides neurosurgeons with a clear operative field with reduced invasiveness.
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Introduction

GPAs (giant pituitary adenomas) are tumors with a maximal diameter of more than 4 cm, accounting for 6%-10% of all pituitary adenomas (1). The most common presentation of GPAs includes visual impairment, headache, endocrine dysfunction, as well as cranial nerve palsy (2). Despite the advancements in modern neurosurgical strategies in the surgical intervention of pituitary adenomas, surgical treatment of GPAs remains a great challenge in terms of gross total resection (GTR) and complication rates because of the large tumor size, irregular shape, suprasellar extension, and cavernous sinuses invasion (3). Peritumoral swelling caused by subsequent bleeding from the residual tumor may lead to deteriorated neurologic and visual outcomes, as well as higher morbidity (4, 5).

Traditionally, the principal surgical approaches for treating GPAs have been microscopic transsphenoidal and various transcranial procedures (6). With the development of the extended endoscopic endonasal approach (EEA) in the previous decade, it is now feasible to achieve greater rates of complete resection, preservation of pituitary function, improved visual outcomes along with lower rates of cranial nerve impairment in individuals with GPAs (5, 7). Therefore, EEA is gradually becoming the first-line treatment for GPAs. However, due to the anatomic restrictions, this approach is difficult to effectively resect GPAs with extensive superior-lateral extension and multilobular shapes (3). Recently, numerous authors have proposed a simultaneous combined transsphenoidal along with transcranial approach through microscopic and/or endoscopic operation to optimize the resection of such complicated GPAs with extensive suprasellar extension (8–11). However, the risks and benefits should be carefully considered before conducting a simultaneous combined approach because it also has disadvantages, including a higher risk of infection, a longer operation time, and possible complications linked to both transsphenoidal and transcranial approaches.

In our experience, the transcranial approach may be more suitable and safer for some selected tumors with irregular expansions into the third ventricle, frontal, or temporal lobes, because open craniotomy allows a larger surgical area. However, conventional microscopic surgery is difficult to remove the intrasellar portion of tumors from the above approach due to the limited visualization under the sella diaphragm, leading to residual tumor and recurrence. Hence, in this study, we present a new surgical technique, which is less invasive and much simpler than traditional combined approaches. In the transcranial surgery for GPAs with excessive suprasellar invasion but a small intrasellar portion, we first resected the suprasellar tumor using a microscope or endoscope. Then, we dissected the sella diaphragm and removed the intrasellar tumor using an endoscope through the craniotomy surgical corridor. Herein, we detail the technical nuances of the endoscopic transcranial transdiaphragmatic approach in a single-stage surgery in managing selected GPAs and describe its applications and limitations. We expect that this approach may improve the opportunities of attaining a GTR with a single surgical procedure.



Materials and methods


Design of study

A retrospective study was carried out to review all patients of GPAs with extensive suprasellar extension, who underwent endoscopic transcranial transdiaphragmatic approach in a single-stage surgery at our institution from 2018 to 2020. Patients’ radiological imaging, visual status, and endocrinological evaluation were assessed pre-and postoperatively. This study was approved by the institutional ethics committee, and written consent was provided by all patients.



Tumor resection by routine transcranial surgery

The frontobasal interhemispheric approach and pterional approach were utilized in this study on the basis of the tumor growth pattern and neurosurgeon’s preference. The side chosen for craniotomy was decided according to the direction of tumor extension and invasiveness. The frontobasal interhemispheric approach was carried out by the coronal skin incision behind the hairline and a paramedian unifrontal craniotomy. The dural flap was subsequently rotated medially from the base, with the major bridge vein to the midline or superior sagittal sinus being protected. For the pterional approach, a standard frontotemporal craniotomy was conducted with the sphenoid wing being drilled. The dura was opened curvilinearly towards the base, and cerebrospinal fluid (CSF) was released by sharp dissection of the sylvian fissure to expose the tumor adequately in the suprasellar area. The frontal lobe was lifted gravitationally with less retraction force with sufficient CSF drainage. Following craniotomy, we carried out tumor resection within the tumor capsule to avoid harming the perforating arterial branches that supply the optic apparatus and hypothalamus through various corridors of each approach, including the interoptic, interhemispheric, optico-carotid, as well as carotico-oculomotor spaces.



Tumor resection by endoscopic transdiaphragmatic approach

After the complete excision of the suprasellar component of the tumor under a microscope or an endoscope, the dilated diaphragma sellae was exposed. Then, the diaphragma sellae was cauterized using bipolar coagulation, and dissected along the direction from the center to the outside of diaphragma sellae opening to expand the operative corridor into the sella turcica until the residual tumor beneath the diaphragma sellae was clearly visible. Surgical maneuvers are shown in Figure 1. At this point, we introduced a 0° endoscope into the sella fixed with a pneumatic Point Setter (Storz, Tuttlingen, Germany). Under the endoscopic view, the intrasellar tumor was resected in order from the front side to the bilateral sides of the sella turcica by using a combination of curved curettes and suctions. During the resection of the tumor located posteriorly within the sella turcica, a 30° endoscope was placed through the diaphragm sellae opening to help identify and preserve the pituitary stalk. In this way, the intrasellar tumor can be completely removed under a clear endoscopic view in a single-stage transcranial surgery.




Figure 1 | The illustration of surgical maneuvers of endoscopic transcranial transdiaphragmatic approach. (A) After complete excision of the suprasellar tumor by conventional transcranial surgery, the dilated diaphragma sellae is exposed, and then dissected anteriorly and laterally. (B) The diaphragma sellae is cut open and the residual tumor beneath the diaphragma sellae is clearly visible under endoscopic view.






Results


Patient characteristics

The detailed characteristics of all patients are summarized in Table 1. All patients (N=4; 3 men and 1 woman; mean age, 57 years) exhibited visual dysfunction. Two patients suffered from dizziness. Hydrocephalus was present in 1 case. All patients had no prior surgery. All tumors were nonfunctioning pituitary adenomas and exhibited a multilobular shape. Based on the preoperative MRI, the mean maximum diameter was 59.7 mm (range from 55.1 to 65.1 mm). The suprasellar extension was evaluated by assigning Hardy-Wilson (12) and Goel grades (4). According to the Hardy-Wilson classification, we found 3 grade II and stage D tumors, and 1 grade III and stage D tumor. According to the Goel classification, all tumors belonged to grade IV.


Table 1 | Characteristics of patients.





Postoperative results

Postoperative results are summarized in Table 2. The rate of tumor resection was categorized as gross total resection (GTR, 100%), near-total resection (NTR, 90%-100%), subtotal resection (70%-90%), and partial resection (<70%) according to Juraschka et al. (5). In this study, GTR was attained in 3 patients, and NTR in 1 patient. The operation duration ranged from 5.75 to 8 hours. Particularly, 3 patients had markedly improved postoperative visual function. The other patient had a stable visual function. The endocrinologic assessment revealed that 1 patient developed persistent diabetes insipidus, while another had a deficiency of thyroid-stimulating hormone along with adrenocorticotropic hormone. Both patients required hormone replacement therapy. A serious complication occurred in 1 patient who suffered an epidural hematoma that underwent decompressive craniectomy by removing the bone flap. During the follow-up period (8 to 63 months), no obvious tumor relapses were evident in all these cases.


Table 2 | Operative procedures and patient outcomes.





Case illustration


Case 1

A 57-year-old man presented with progressive worsening visual acuity in both eyes of 8 years’ duration and loss of temporal vision in the left eye in the last year. MRI revealed a giant sellar and suprasellar mass with a maximum diameter of 55.1 mm and extensive extension into the frontal lobe. Additionally, a preoperative CTA examination revealed an aneurysm of 4 mm located in the C6 segment of the internal carotid artery. A traditional pterional approach was performed for the tumor resection and aneurysm clipping. After the suprasellar tumor was removed by using the microscope, we enlarged the surgical corridor by dissecting the sellar diaphragm to remove the residual intrasellar tumor under a 30°endoscope. Lastly, the aneurysm was clipped under the microscopic view. Gross total resection was achieved, and postoperative visual acuity improved markedly. MRI at 4 months following surgery showed no recurrence of the tumor (Figure 2).




Figure 2 | Case 1. Pre- and postoperative imaging findings and intraoperative images. (A–C) Preoperative axial (A), sagittal (B) and coronal (C) gadolinium-enhanced T1-weighted MRI images showing a giant pituitary adenoma with extensive suprasellar extension. (D) Preoperative CTA examination reveals an aneurysm located in the C6 segment of the right internal carotid artery. The white arrow indicates the aneurysm. (E) Intraoperative photograph showing that the tumor in the intrasellar part is removed with angled suctions under endoscopic view. (F) Intraoperative endoscopic photograph showing the final view after removal of the intrasellar tumor. (G) Intraoperative microscopic photograph showing the aneurysm. (H–J) Postoperative axial (H), sagittal (I) and coronal (J) gadolinium-enhanced T1-weighted MRI images showing gross total resection of the pituitary tumor two days after surgery. (K, L) Postoperative sagittal (K) and coronal (L) gadolinium-enhanced T1-weighted MRI images obtained 4 months after surgery.





Case 2

A 67-year-old man presented with dizziness, nausea, and blurred vision over 2 months. MRI revealed a giant tumor with extensive expansion leading to severe mass effect. The maximum diameter of tumor was 65.1 mm. An endocrine workup showed that he had low adrenocorticotropic hormone (ACTH). We selected the frontobasal interhemispheric approach due to the invasion with multiple lobes into the subarachnoid space, as well as the extension of the tumor anteriorly over the planum sphenoidale. A complete resection was obtained by using the endoscopic transcranial transdiaphragmatic approach without any severe complications. He had improvement in his vision and ACTH levels postoperatively (Figure 3).




Figure 3 | Case 2. Pre- and postoperative imaging findings and intraoperative images. (A–C) Preoperative axial (A), sagittal (B) and coronal (C) gadolinium-enhanced T1-weighted MRI images showing a giant pituitary adenoma with extensive suprasellar extension. (D) Intraoperative photograph showing that the diaphragma sellae is sharply opened and the intrasellar tumor is removed with angled suctions under endoscopic view. (E, F) Intraoperative endoscopic photographs showing the final view of the medial walls of both sides of cavernous sinus as well as the anterior wall of sella turcica after removal of the tumor. (G–I) Postoperative axial (G), sagittal (H) and coronal (I) gadolinium-enhanced T1-weighted MRI images showing gross total resection of the pituitary tumor.





Case 3

A 40-year-old woman presented with severe headache and dizziness, as well as progressive visual deterioration over 3 weeks. MRI analysis exhibited a giant sellar and suprasellar mass with multicystic components. The tumor extended directly to the third ventricle and caused hydrocephalus. Besides, the tumor focally perforated the floor of the sella and invaded into the sphenoid sinus. We decided to adopt the endoscopic transcranial transdiaphragmatic approach in a frontobasal interhemispheric procedure for tumor resection. The surgery was uncomplicated, and NTR was achieved with residual tumor hidden inside the sphenoid sinus (Figure 4). The patient’s hydrocephalus improved after the operation but was complicated by diabetes insipidus requiring long-term replacement therapy.




Figure 4 | Case 3. Pre- and postoperative imaging findings. (A–C) Preoperative axial (A), sagittal (B) and coronal (C) gadolinium-enhanced T1-weighted MRI images showing a giant pituitary adenoma with extensive suprasellar extension. The tumor fills the entire third ventricle and invades into the sphenoid sinus. (D–F) Postoperative axial (D), sagittal (E) and coronal (F) gadolinium-enhanced T1-weighted MRI images showing near total resection of the pituitary tumor with residue in the sphenoid sinus.





Case 4

A 64-year-old man presented with progressive visual deterioration in both eyes for 3 years. Preoperative MRI revealed a giant tumor with considerable suprasellar extension compressing the anterior cerebral arteries along with the optic apparatus. A fully endoscopic pterional approach was performed and the tumor was completely resected. His vision in both eyes improved significantly after surgery. However, this patient developed progressive epidural hematoma postoperatively and presented a coma 7 days after the operation. An emergent decompressive craniectomy was performed to evacuate the hematoma, and remove the original bone flap due to brain swelling. The patient recovered well from surgery with mild hypopituitarism (Figure 5).




Figure 5 | Case 4. Pre- and postoperative imaging findings and intraoperative images. (A–C) Preoperative axial (A), sagittal (B) and coronal (C) gadolinium-enhanced T1-weighted MRI images showing a giant pituitary adenoma with extensive suprasellar extension. (D) Intraoperative photograph showing that the diaphragma sellae is cut with micro-scissors. (E, F) Intraoperative endoscopic photographs showing the final view of the medial walls of both sides of cavernous sinus as well as the anterior wall of sella turcica after removal of the tumor. (G–I) Postoperative axial (G), sagittal (H) and coronal (I) gadolinium-enhanced T1-weighted MRI images showing gross total resection of the pituitary tumor.







Discussion


Routine transcranial surgery for GPAs

The treatment goal of GPAs is mainly complete resection, partial resection plus adjuvant radiotherapy, or a combination of surgery, and radiotherapy along with observation. Surgical resection of GPAs is still very challenging because of their enormous size, multilobular shape, and irregular extension into the cavernous sinuses or suprasellar area (1, 13, 14). Each extension has its anatomical characteristics that should be discussed separately. In particular, lateral extensions greatly make surgical access and resection difficult. The postoperative morbidity and mortality of GPAs are mainly caused by damage to perforating arteries or subsequent bleeding from the residual tumor. To prevent postoperative apoplexy, radical resection of the tumor, including GTR and NTR, should be the primary surgical goal. Thus, it is critical to determine the optimal surgical approach to maximally resect GPAs.

Both transsphenoidal and transcranial approaches have been conventionally employed in the surgical treatment of GPAs for many years. Because the suprasellar portion of tumors often descends into the field of operation by the force of gravity following decompression of the intrasellar tumor, the transsphenoidal approach is usually preferred for the majority of GPAs over the transcranial approach (4, 15). During the last decades, the endoscopic endonasal approach enabling removal of GPAs has been increasingly explored, because it offers a detailed, panoramic visualization and wider access to the operative field through the angled endoscopes (3, 16–18). In addition, supplemental imaging using intraoperative MRI, which may detect unanticipated residual tumors and identify the tumor margins in real time, may also improve the rate of GTR during the same surgery (19). Furthermore, the extended endonasal endoscopic approach, which enables removing the bone of tuberculum sella along with a portion of the planum sphenoidale, coupled with exposing the ventral and medial cavernous sinuses, has remarkably improved the total resection rate of GPAs and postoperative visual function (7). However, tumor excision via this single approach may be challenging when the tumor extends outside the surgical corridor. Previous literature also suggested that this approach may have limited applications in the treatment of multilobular GPAs because of the absence of extensive linkages between the tumor components (3). Aggressive tumor resection under inadequate visualization may cause injury to adjacent critical structures, as well as lead to severe surgical complications and poor patient outcomes. In addition, postoperative cerebrospinal fluid (CSF) leakage is the most frequent complication of the extended endoscopic endonasal approach. Although the rate of CSF leakage was reported to be reduced to 7.4% after a vascularized nasoseptal flap was routinely used (3), the technical point linked to the difficult multilayer reconstruction of the skull base defect has always rendered the extended endoscopic endonasal approach as a relative challenge.

Considering this complicated situation, various surgical procedures have been reported to optimize resection of GPAs with significant suprasellar and anterior extension, including simultaneous combined surgeries and two-staged surgeries (14). In reality, various types of combinations have been documented: microscopic transsphenoidal approach–microscopic transcranial approach (8), endoscopic transsphenoidal approach–microscopic transcranial approach (10, 20, 21), endoscopic transsphenoidal approach–endoscopic transventricular approach (22), microscopic transsphenoidal approach–endoscopic transventricular approach (23), endoscopic transsphenoidal approach–microscopic transventricular approach (24), and endoscopic transsphenoidal approach– endoscopic supraorbital keyhole approach (11). The greatest advantages of these simultaneous combined surgeries are not only to increase the degree of tumor excision, but also to support safe tumor removal and minimize postoperative bleeding of the residual tumor. However, the potential disadvantages of these simultaneous approaches included the increased risk of infection, invasiveness, and extra craniotomy-linked complications. Moreover, these procedures require twice as many neurosurgeons and twice as many instruments, for instance, microscope and endoscope, which are not available at most institutions.

Some surgeons prefer a 2-staged surgery for difficult GPAs (6, 14, 25), including the utilization of the transsphenoidal approach at first and subsequently the transcranial approach after several months, or vice versa. The prospects of a radical excision are remarkably diminished when more than half of the suprasellar region of the tumor is out of the line of transsphenoidal vision, especially when the tumor consistency is unfavorable (17). Large Hardy’s stage C tumors are a nonhomogenous group of tumors, and several authors have advocated for a staged surgery in these difficult cases to enable the suprasellar residual to descend into the sella (17). The 2-staged surgery procedure also provides a higher rate of tumor excision relative to the single-stage approach. However, the patient will have to undergo surgery twice, and the incidences of postoperative bleeding from the intentionally remaining tumor cannot be avoided.

Although most pituitary adenomas as well as some GPAs can be treated via a transsphenoidal procedure, parasellar tumors that are fibrous and adhere firmly to critical structures or that extend far laterally further than the internal carotid artery are still very difficult to remove completely with a transsphenoidal procedure alone. Even though transcranial surgery is usually associated with an elevated risk of postoperative pituitary dysfunction, morbidity and mortality (26), this might be confounded since the transcranial approach is often preferentially selected for more complicated tumors with extensive lateral or anterior extension. The transcranial approach has its own advantages, which are quite useful to reach the lateral extent of tumors, and decompress the neurovascular structures, especially the optic apparatus (26). In fact, the transcranial approach still plays an essential role in about 1-10% of GPAs, and neurosurgeons who deal with numerous cases of pituitary adenomas annually may need to utilize this procedure fairly frequently (25). Shen et al. concluded ten indications for transcranial approaches according to the literature (27), which are 1) tumor mainly located in the suprasellar region and/or the sella turcica was too small and narrow; 2) dumbbell-shaped or hourglass-shaped tumors with a constriction at the level of diaphragma sellae opening; 3) suspicious fibrous consistency; 4) irregular shape with anterior, middle, posterior cranial fossa, or intraventricular extension; 5) brain invasion with cerebral edema; 6) the presence of ectatic carotid arteries projecting toward the midline or coexistent aneurysm; 7) encasement of subarachnoid arteries; 8) postoperative apoplexy in suprasellar residue following transsphenoidal operation; 9) current sinusitis making a transsphenoidal approach inappropriate or previous transsphenoidal surgery; and 10) uncertainty regarding the diagnosis. In our study, all patients had more than 4 of above characteristics. Standardized craniotomies, such as fronto-lateral, pterional and basal midline craniotomies that are close to the skull base, are performed depending on the tumor’s localization to avoid brain retraction. The carotid artery and its branches, as well as the optic nerves and chiasm, may be microscopically dissected with sufficient space created by the drainage of CSF. The transcranial approaches enable the intracranial component of a pituitary tumor to be resected with relative radicality. The major challenge, however, is the risk of damaging the surrounding structures that must be carefully exposed and dissected. In addition, it is difficult to clearly judge whether there is residual tumor in the sella turcica under the narrow microscopic view.



Advantages of the endoscopic transcranial transdiaphragmatic approach

In this study, we propose a new surgical technique, which is to dissect the sella diaphragm and resect the intrasellar tumor by endoscopic transcranial transdiaphragmatic approach after removal of the suprasellar portion of GPAs. This strategy may help to identify residual tumor within the sella, which can improve the tumor total resection rate, minimize brain retraction, and reduce the possibility of residual tumor apoplexy. In our cohort, we achieved gross total resection in 3 patients, and near total resection in 1 patient. None of the patients had postoperative apoplexy. In addition, this technique eliminates the need for a combined or secondary operation, which is helpful to reduce surgical trauma. Particularly, compared with the endoscopic endonasal approach, the endoscopic transcranial transdiaphragmatic strategy may avoid complicated skull base reconstruction and reduce the risk of CSF leakage and secondary intracranial infection.



Limitations of the endoscopic transcranial transdiaphragmatic approach

Our study’s limitations include its retrospective aspect and the fact that the cohort was relatively small to make definitive conclusions. Further studies involving more case series are necessary and important to confirm the safety and efficacy of the current approach. This approach needs to overcome all the challenges of resecting GPAs with multiple lobules, extensive invasion, and vascular encasement. This approach is inappropriate for GPAs with a shorter sella turcica length (distance from tuberculum sella to the tip of the dorsum sella). Besides, simultaneous mastering the manipulation of both the microscope and the endoscope requires extensive training and a long learning curve, because dissection of the giant tumors under an endoscopic view remains a great challenge for most neurosurgeons.




Conclusion

The endoscopic transcranial transdiaphragmatic strategy in a single-stage surgery is an efficacious and safe surgical procedure for a select group of giant pituitary adenomas with extensive suprasellar extension. It is a novel minimally invasive procedure with outstanding postoperative outcomes and a gross total resection rate equivalent to the conventional combined or staged approaches.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XW and ZB wrote the manuscript. WT and JW analyzed data. ZM, QW, and XL provided data and revised the manuscript. All authors contributed to the article and approved the submitted version.



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.



References

1. Iglesias, P, Rodriguez Berrocal, V, and Diez, JJ. Giant pituitary adenoma: Histological types, clinical features and therapeutic approaches. Endocrine (2018) 61(3):407–21. doi: 10.1007/s12020-018-1645-x

2. Chabot, JD, Chakraborty, S, Imbarrato, G, and Dehdashti, AR. Evaluation of outcomes after endoscopic endonasal surgery for Large and giant pituitary macroadenoma: A retrospective review of 39 consecutive patients. World Neurosurg (2015) 84(4):978–88. doi: 10.1016/j.wneu.2015.06.007

3. Koutourousiou, M, Gardner, PA, Fernandez-Miranda, JC, Paluzzi, A, Wang, EW, and Snyderman, CH. Endoscopic endonasal surgery for giant pituitary adenomas: Advantages and limitations. J Neurosurg (2013) 118(3):621–31. doi: 10.3171/2012.11.JNS121190

4. Goel, A, Nadkarni, T, Muzumdar, D, Desai, K, Phalke, U, and Sharma, P. Giant pituitary tumors: A study based on surgical treatment of 118 cases. Surg Neurol (2004) 61(5):436–45; discussion 45-6. doi: 10.1016/j.surneu.2003.08.036

5. Juraschka, K, Khan, OH, Godoy, BL, Monsalves, E, Kilian, A, Krischek, B, et al. Endoscopic endonasal transsphenoidal approach to Large and giant pituitary adenomas: Institutional experience and predictors of extent of resection. J Neurosurg (2014) 121(1):75–83. doi: 10.3171/2014.3.JNS131679

6. Mortini, P, Barzaghi, R, Losa, M, Boari, N, and Giovanelli, M. Surgical treatment of giant pituitary adenomas: Strategies and results in a series of 95 consecutive patients. Neurosurgery (2007) 60(6):993–1002; discussion 3-4. doi: 10.1227/01.NEU.0000255459.14764.BA

7. Cappabianca, P, Cavallo, LM, de Divitiis, O, de Angelis, M, Chiaramonte, C, and Solari, D. Endoscopic endonasal extended approaches for the management of Large pituitary adenomas. Neurosurg Clin N Am (2015) 26(3):323–31. doi: 10.1016/j.nec.2015.03.007

8. Leung, GK, Law, HY, Hung, KN, Fan, YW, and Lui, WM. Combined simultaneous transcranial and transsphenoidal resection of Large-to-Giant pituitary adenomas. Acta Neurochir (Wien) (2011) 153(7):1401–8; discussion 8. doi: 10.1007/s00701-011-1029-y

9. D'Ambrosio, AL, Syed, ON, Grobelny, BT, Freda, PU, Wardlaw, S, and Bruce, JN. Simultaneous above and below approach to giant pituitary adenomas: Surgical strategies and long-term follow-up. Pituitary (2009) 12(3):217–25. doi: 10.1007/s11102-009-0171-5

10. Kuga, D, Toda, M, Ozawa, H, Ogawa, K, and Yoshida, K. Endoscopic endonasal approach combined with a simultaneous transcranial approach for giant pituitary tumors. World Neurosurg (2019) 121:173–9. doi: 10.1016/j.wneu.2018.10.047

11. Nagata, Y, Watanabe, T, Nagatani, T, Takeuchi, K, Chu, J, and Wakabayashi, T. Fully endoscopic combined transsphenoidal and supraorbital keyhole approach for parasellar lesions. J Neurosurg (2018) 128(3):685–94. doi: 10.3171/2016.11.JNS161833

12. Wilson, CB. A decade of pituitary microsurgery. The Herbert olivecrona lecture. J Neurosurg (1984) 61(5):814–33. doi: 10.3171/jns.1984.61.5.0814

13. Yano, S, Hide, T, and Shinojima, N. Efficacy and complications of endoscopic skull base surgery for giant pituitary adenomas. World Neurosurg (2017) 99:533–42. doi: 10.1016/j.wneu.2016.12.068

14. Han, S, Gao, W, Jing, Z, Wang, Y, and Wu, A. How to deal with giant pituitary adenomas: Transsphenoidal or transcranial, simultaneous or two-staged? J Neurooncol (2017) 132(2):313–21. doi: 10.1007/s11060-017-2371-6

15. Zhao, B, Wei, YK, Li, GL, Li, YN, Yao, Y, Kang, J, et al. Extended transsphenoidal approach for pituitary adenomas invading the anterior cranial base, cavernous sinus, and clivus: A single-center experience with 126 consecutive cases. J Neurosurg (2010) 112(1):108–17. doi: 10.3171/2009.3.JNS0929

16. Nakao, N, and Itakura, T. Surgical outcome of the endoscopic endonasal approach for non-functioning giant pituitary adenoma. J Clin Neurosci (2011) 18(1):71–5. doi: 10.1016/j.jocn.2010.04.049

17. Gondim, JA, Almeida, JP, Albuquerque, LA, Gomes, EF, and Schops, M. Giant pituitary adenomas: Surgical outcomes of 50 cases operated on by the endonasal endoscopic approach. World Neurosurg (2014) 82(1-2):e281–90. doi: 10.1016/j.wneu.2013.08.028

18. Kuo, CH, Yen, YS, Wu, JC, Chang, PY, Chang, HK, Tu, TH, et al. Primary endoscopic transnasal transsphenoidal surgery for giant pituitary adenoma. World Neurosurg (2016) 91:121–8. doi: 10.1016/j.wneu.2016.03.092

19. Baumann, F, Schmid, C, and Bernays, RL. Intraoperative magnetic resonance imaging-guided transsphenoidal surgery for giant pituitary adenomas. Neurosurg Rev (2010) 33(1):83–90. doi: 10.1007/s10143-009-0230-4

20. Nishioka, H, Hara, T, Usui, M, Fukuhara, N, and Yamada, S. Simultaneous combined supra-infrasellar approach for Giant/Large multilobulated pituitary adenomas. World Neurosurg (2012) 77(3-4):533–9. doi: 10.1016/j.wneu.2011.07.013

21. Leung, GK, Yuen, MM, Chow, WS, Tse, PY, and Lui, WM. An endoscopic modification of the simultaneous 'above and below' approach to Large pituitary adenomas. Pituitary (2012) 15(2):237–41. doi: 10.1007/s11102-011-0319-y

22. Romano, A, Chibbaro, S, Marsella, M, Oretti, G, Spiriev, T, Iaccarino, C, et al. Combined endoscopic transsphenoidal-transventricular approach for resection of a giant pituitary macroadenoma. World Neurosurg (2010) 74(1):161–4. doi: 10.1016/j.wneu.2010.02.024

23. Ojha, BK, Husain, M, Rastogi, M, Chandra, A, Chugh, A, and Husain, N. Combined trans-sphenoidal and simultaneous trans-Ventricular-Endoscopic decompression of a giant pituitary adenoma: Case report. Acta Neurochir (Wien) (2009) 151(7):843–7; discussion 7. doi: 10.1007/s00701-009-0336-z

24. Yamada, E, Akutsu, H, Kino, H, Tanaka, S, Miyamoto, H, Hara, T, et al. Combined simultaneous endoscopic endonasal and microscopic transventricular surgery using a port retractor system for giant pituitary adenoma: A technical case report. Surg Neurol Int (2021) 12:90. doi: 10.25259/SNI_826_2020

25. Pratheesh, R, Rajaratnam, S, Prabhu, K, Mani, SE, Chacko, G, and Chacko, AG. The current role of transcranial surgery in the management of pituitary adenomas. Pituitary (2013) 16(4):419–34. doi: 10.1007/s11102-012-0439-z

26. Sinha, S, and Sharma, BS. Giant pituitary adenomas–an enigma revisited. microsurgical treatment strategies and outcome in a series of 250 patients. Br J Neurosurg (2010) 24(1):31–9. doi: 10.3109/02688690903370305

27. Shen, M, Chen, Z, Shou, X, Ma, Z, Ye, Z, He, W, et al. Surgical outcomes and predictors of visual function alterations after transcranial surgery for Large-to-Giant pituitary adenomas. World Neurosurg (2020) 141:e60–e9. doi: 10.1016/j.wneu.2020.04.151



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 © 2023 Wu, Bao, Tian, Wang, Miao, Wang and Lu. 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.


OEBPS/Images/fonc-13-1133861-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Endoscopic transcranial transdiaphragmatic approach in a single-stage surgery for giant pituitary adenomas

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Design of study

          



          		

            Tumor resection by routine transcranial surgery

          



          		

            Tumor resection by endoscopic transdiaphragmatic approach

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Postoperative results

          



          		

            Case illustration

          

            		

              Case 1

            



            		

              Case 2

            



            		

              Case 3

            



            		

              Case 4

            



          



          



        



        



        		

          Discussion

        

          		

            Routine transcranial surgery for GPAs

          



          		

            Advantages of the endoscopic transcranial transdiaphragmatic approach

          



          		

            Limitations of the endoscopic transcranial transdiaphragmatic approach

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1133861-g004.jpg
0171222
fd pituty
.00

. 50

3





OEBPS/Images/table2.jpg
Cranial tumor resection Operation Postoperative New Other Follow-Up

Approach rate Time Visual Hormonal = Complicatio (Months)
Function

1 Pterional GTR 5h 45min Improved ‘ None None 43

2 frontobasal GTR 6h Improved None None 36
interhemispheric

3 frontobasal NTR 6h 30min Improved diabetes None 20
interhemispheric insipidus

4 Pterional GTR 7h 30min No change TSH, ACTH extradural 10

hematoma
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