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Object

The trans lamina terminalis approach (TLTA) has been described as a way to remove third ventricular tumors. The aim of this paper was to analyze the feasible outcomes of TLTA applied to tumors extending into the third ventricle in our institute.



Methods

Suprasellar tumors (n = 149) were treated by the extended endonasal approach from September 2019 to December 2020 in Beijing Tiantan Hospital. Eleven of the tumors were treated by TLTA or TLTA via the trans-chiasm-pituitary corridor (TCPC). The surgical technique notes of TLTA were described and indications and outcomes of the approach were analyzed.



Results

There were 11 patients enrolled in the study, six with papillary craniopharyngiomas, two with adamantinomatous craniopharyngiomas, one with a germinal cell tumor (GCT), one with cavernous malformation and one with chordoid glioma. Four of the patients received a radical resection by TLTA alone, while seven of them received TLTA via the TCPC. Gross total resection was achieved in eight patients (72.7%), and partial resection in three patients (27.3%). Visual function was improved in four of the 11 patients (36.4%), was unchanged in five patients (45.5%), and deteriorated in two patients (18.2%). New-onset hypopituitarism occurred in seven patients (63.3%) and new-onset diabetes insipidus occurred in two patients (18.2%). Electrocyte imbalance were observed in six patients (54.5%) at post-operative week 2. There were no surgery-related deaths or cerebrospinal fluid leaks. Postoperative intracranial infection was observed in one patient (9.1%), and during the follow-up period, tumor recurrence occurred in one patient (9.1%).



Conclusion

The expanded TLTA provides a feasible suprachiasm corridor to remove tumors extending into the third ventricle, especially for craniopharyngiomas. Sound understanding of the major strengths and limitations of this approach, as well as strategies for complication avoidance, is necessary for its safe and effective application.
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Introduction

Tumors located in the third ventricle behind the chiasma, such as craniopharyngiomas, are technically challenging due to their proximity to vital neurovascular structures including the hypothalamus, optic apparatus and anterior cerebral artery (ACA) complex. Access to these tumors is very difficult due to their deep location. King (1)  described a trans-lamina terminalis approach (TLTA) through pterional craniotomy as a safe corridor to access these third ventricular lesions, as well as some other access options such as the transcallosal interforniceal approach (2, 3) and transcortical transforaminal approach (4). Compared to other approaches, TLTA provides direct access to the retro-chiasmatic portion of the tumor with little optic nerve retraction.

Expanded endonasal approaches (EEA) (5–7) can provide direct access to the midline skull base, including access to suprasellar tumors. However, reports on how to resect tumors involving the third ventricle have been limited. Kitano (8) reported extended transsphenoidal surgery for 20 suprasellar craniopharyngiomas using infrachiasmatic access, combined with or without a suprachiasmatic trans-lamina terminalis approach. Seo (9) also reported a series of 82 cases of tumors involving the third ventricle resected by EEA. Most of these cases were treated via the infrachiasm corridor or chiasm-pituitary corridor. However, resection of the tumor in the third ventricle via TLTA by extended transsphenoidal approach was seldom reported. In the present study, we share our experience with resection of tumors located in the third ventricle by TLTA in our single institute. The surgical technique notes and outcomes of TLTA are discussed as well as its advantages and disadvantages.



Methods


Patient Selection

A total of 149 patients with suprasellar tumors underwent surgery using EEA between September 2019 and December 2020 in the Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, by G.S.B. Eleven of the 149 tumors extended behind the chiasma into the third ventricle and were removed via TLTA with or without access through the trans-chiasm-pituitary corridor (TCPC) by EEA. This study was performed under an institutional review board-approved protocol in compliance with regulations set by our institution for the study of human subjects with their informed consent and was approved by ethics committee of Beijing Tiantan Hospital, Capital Medical University (KY 2021-041-02).



Preoperative MRI Evaluation

All patients preoperatively received enhanced MRI examinations. All tumors were located retrochiasm in the third ventricle. A line between the nasal apex and the chiasm on the sagittal MRI (nasal-chiasm line, NCL) was used to evaluate the supra- and infrachiasm corridors available for tumor resection. The NCL divided the tumors into two areas, the upper supra-NCL region and the lower infra-NCL region. If the percent of the supra-NCL region included over 20% of the tumor, then the lamina terminalis corridor was used to remove this part of the tumor. At the same time, if the area of the tumor in the infra-NCL region was over 10%, both TLTA and TCPC were used (Figure 1).




Figure 1 | Schematic representation of the use of the nasal-chiasmic line for corridor selection in third ventricle lesion. (A), If the percent of the supra-NCL region included over 20% of the tumor, then the lamina terminalis corridor was used to remove this part of the tumor. (B) If the area of the tumor in the infra-NCL region was over 10% and the area of the tumor in the infra-NCL region was over 20%, both lamina terminalis corridor and infrachiasmic corridor were used. NCL, nasal-chiasmic line; T, tumor; P, pituitary; LT, laminal terminalis.





Surgical Techniques

All 11 patients underwent tumor resection using the expanded transsphenoidal approach. An intraoperative visual evoked potential (VEP) monitor was used to monitor visual function. According to the preoperative MRI evaluation, if TLTA could be used to access the supra-NCL part of tumor, then bone of the bilateral optic canal was fully removed to increase optic nerve mobilization during optic nerve retraction so as to reduce damage to the nerve. The dura mater was opened to fully expose both the suprachiasm and infrachiasm corridors. The arachnoid membrane surrounding the chiasm was dissected sufficiently to release the optic nerves. When dissecting the suprachiasmatic space, we took care to protect the anterior communicating artery complex and its branches to the optic chiasm. We then opened the lamina terminalis with scissors to expose the tumor in the third ventricle. First, the tumor was decompressed piece by piece patiently to gain sufficient surgical space. Then the extracapsular portion of the tumor was dissected away from the optic chiasm, hypothalamus and surrounding artery system, especially the posterior cerebral artery, via careful microdissection between the tumor capsule and arachnoid plane, and the tumor was removed piece by piece until finally achieving complete resection. For tumors with more than 10% of their area under the NCL, after the upper tumor was removed, the degree of optic chiasm mobilization increased significantly. The infrachiasmatic corridor then widened significantly to expose the tumor. Sometimes, when the bottom of the third ventricle was intact, it was necessary to open the capsule from the weakest part of the tumor surface and resect the residual tumor. It was also necessary to protect the pituitary stalk, superior pituitary artery, circle of Willis and its branches. Finally, the tumor was completely resected. The skull base reconstruction was performed according to our previous work (10). These technique notes were showed in Video 1 for Case 9.

All patients received intraoperative VEP monitoring to predict visual outcomes, as referred to in our previous work (11). More attention was given to VEP variations during the three stages of unroofing the optic canal, removing the tumor and reconstructing the skull base.



Extent of Tumor Resection

The extent of resection was determined by pre- and postoperative volumetric analysis of MR images. Gross total resection (GTR) was defined as 100% tumor removal, subtotal total resection (STR) was defined as tumor removal of over 90%, and partial total resection (PTR) was defined as tumor removal less than 90%, but greater than 50%. Tumor recurrence during the follow-up period was defined as the appearance of new pathological tissue on MR images or the growth of tumor remnants. Follow-up MR imaging was performed at 3 months after surgery and then at regular intervals of 6–12 months.



Visual Function

Visual acuity and visual field examinations were evaluated by an ophthalmologist before and after surgery.



Endocrine Status

The endocrine status of all patients was assessed pre- and postoperatively according to adenohypophysis function and diabetes insipidus. Adenohypophysis function was assessed using complete serum pituitary hormone panels. Diabetes insipidus was defined as urine volume greater than 50 ml/kg/d. Electrocyte imbalance was defined as serum sodium level over 145 mmol/L or lower than 135 mmol/L, and serum potassium level over 5.5 mmol/L or lower than 3.5 mmol/L 2 weeks after surgery.

All patients BMIs were assessed at time of surgery and at the last visit. Obesity was defined as BMI > 30 kg/m2 or 9% BMI gain after surgery compared with the preoperative BMI (12).




Results


Demographic and Clinical Factors

From September 2019 to December 2021, 11 patients (ten males, one female) with tumors extending into the third ventricle, which were resected by TLTA participated in this study (details in Table 1). The average patient age was 45.1 ± 11.5 years, ranging from 25–68 years. In total, seven patients (63.6%) had vision impairment preoperatively. Additionally, three patients (27.3%) had polydipsia or polyuria, and one patient suffered from epilepsy. According to the histological characteristics, they were six papillary craniopharyngiomas, two adamantinomatous craniopharyngiomas, one cavernous malformation, one germinal cell tumor (GCT) and one chordoid glioma. Based on the NCL, tumors extending more than 50% supra-NCL were observed in all 11 patients, while tumors extending more than 10% infra-NCL were observed in eight patients. Intraoperatively, TLTA was used alone in 4 patients (Figure 2) while the TCPC was combined with TLTA in 7 patients (Figure 3). In a patient with an infra-NCL tumor of over 20%, only TLTA was used as the surgical strategy to achieve partial resection, followed by radiotherapy and chemotherapy; in this case, the frozen histological report indicated a GCT (Case 3).


Table 1 | Clinical data of tumors extended into third ventricle.






Figure 2 | Pre- and post-operative MRI and intraoperative findings of 11 patients treat by trans-lamina terminalis approach combined with trans-pituitary-chiasm corridors. Case 1, a papillary craniopharyngioma located in the 3rd ventricle with supra-NCL part about 50%. Removing the tumor through EEA with two corridors: suprachiasm trans-lamina terminalis corridor and infrachiasm chiasm-pituitary corridor. The tumor was gross total removed and lateral wall of third ventricle can be seen clearly. Case 2, a cavernous malformation located in the 3rd ventricle with supra-NCL part about 80%. the tumor was solid with a large draining vein. Both TLTA and TCPC were used to remove the tumor. the tumor was partial removed for protection of the draining vein. Case 5, a papillary craniopharyngioma extended into the 3rd ventricle with supra-NCL part about 95%. Removing the tumor through EEA with supra-chiasm corridor (trans-lamina terminalis). After the tumor was totally removed, the posterior wall of third ventricle, Monro foramen, and upper outlet of aqueduct can be seen clearly. Case 6, an ACP extended into the 3rd ventricle with supra-NCL part about 70%. Both TLTA and TCPC were used to remove the tumor totally. Case 7, a papillary craniopharyngioma with supra-NCL part about70% were removed by both TLTA and TCPC. Case 8, an ACP with supra-NCL part about 55% were removed by both TLTA and TCPC. the tumor was adhered internal cerebral vein tightly and encased AComA complex, the superior part of tumor was left for gamma knife. Case 10, a papillary craniopharyngioma with supra-NCL part about 55% were removed totally by TLTA combined with TCPC. Case 11, a papillary craniopharyngioma with supra-NCL part about 90% were removed totally by TLTA. OC, optic chiasm; PS, pituitary stalk; ON, optic nerve; T, tumor; P, pituitary; ICA, internal carotid artery; T.V., 3rd ventricle; LT, lamina terminalis; HT, hypothalamus; MF, Monro’s foramen; TLTA,trans-lamina terminalis approach; TCPC,trans pituitary-chiasm corridor.






Figure 3 | Pre- and post-operative MRI and intraoperative findings of 11 patients treat by combined trans-lamina terminalis and trans-pituitary-chiasm corridors. Case 3, a germinoma with supra-NCL part about 80% were partial resected via a TLTA and a radiotherapy and chemotherapy were followed. Case 4, a chordoid glioma with supra-NCL part about 95% were total removed by TLTA. Case 9, a papillary craniopharyngioma with supra-NCL part about 95% were removed totally by TLTA. Case 11, a papillary craniopharyngioma with supra-NCL part about 90% were removed totally by TLTA. OC, optic chiasm; PS, pituitary stalk; ON, optic nerve; T, tumor; P, pituitary; ICA, internal carotid artery; T.V., 3rd ventricle; LT, lamina terminalis; HT, hypothalamus; MF, Monro’s foramen; TLTA,trans-lamina terminalis approach.





Extent of Tumor Resection

GTR was achieved in eight (72.7%) patients. Partial resection was achieved in three patients. One patient with GCT achieved partial resection as the surgical outcome, followed by radiotherapy and chemotherapy. Another case was a cavernous malformation in which partial resection was used to protect an adherent large draining vein. A third case was craniopharyngioma in which the internal cerebral vein adhered tightly and the ACA was encased.



Ophthalmologic and Endocrine Outcomes

Prior to surgery, nine patients with tumors extending into the third ventricle had visual deficits. After surgery, visual improvement was observed in four patients (36.4%), no change was seen in five patients (45.5%), and some deterioration occurred in two patients (18.2%). The ophthalmologic outcomes were consistent with the intraoperative VEP amplitude improvement.

Seven of 11 patients (63.6%) developed new adenohypophysis deficits postoperatively (Table 2) and three patients were unchanged. For most patients, the diabetes inspidus symptoms did not change in eight patients and new-onset symptoms occurred in two patients. Only one patient developed hypothalamic obesity with BMI of 31.2 (Table 2).


Table 2 | Clinical outcomes of 11 patients with tumor resection by TLTA.





Postoperative Complications and Outcomes

No postoperative cerebral spinal fluid leakage occurred. No patients died. One patient (Case 7) suffered from meningitis and was cured by administration of vancomycin and meropenem. Post-operative electrocyte imbalance including hypo- or hypernatremia and hypo- or hyperkalemia was observed in six patients (60%) after 2 weeks.

The mean follow-up period of this study was 12.16 ± 3.40 months (range, 6–22 months). One patient (case 3) with GCT who underwent PTR was treated with gamma knife therapy. One patient (case 7) with tumor recurrence received adjunctive gamma knife therapy. No tumor recurrence was observed in other patients.



Illustrative Case

A 37-year-old male patient (case 4) presented with polydipsia, polyuria and visual impairment for 1 year. Preoperative MRI indicated a solid lesion located in the third ventricle (Figure 4). Based on the NCL, the supra-NCL portion was over 90%. TLTA alone without TCPC was used to remove the tumor. Intraoperative VEP monitoring showed the VEP amplitude (N75 to P100) was gradually reversed and finally improved in both sides of the eyes after the tumor was totally removed. Postoperative ophthalmic examination showed that visual acuity and visual field improved significantly. The postoperative histological examination showed the tumor as a chordoid glioma and no tumor recurrence was observed 9 months post-operatively.




Figure 4 | Case illustration of endoscopic transnasal translamina terminalis approach. A 37-year-old male patient (Case 4) with a solid lesion located in the third ventricle in preoperative MRI (A). Based on the NCL, the Supra-NCL part was over 90%. Translamina terminalis approach was used to remove the tumor (B). Postoperative MRI showed the tumor was totally removed (C). The intraoperative VEP monitoring showed the VEP amplitude (N75 to P100) was gradually reversed and finally improved in both sides of eyes after the tumor was totally removed (D). Postoperative ophthalmic examination showed the visual field improved significantly (E).






Discussion


Feasibility of Using TLTA for Tumors Extending Into the Third Ventricle by EEA

Tumors that are deep-seated mostly within the third ventricle are often considered for a midline approach such as endoscopic endonasal, subfrontal trans-lamina terminalis (13), anterior interhemispheric trans-lamina terminalis (14) or anterior transcallosal (15) approaches to gain optimal access and minimize hypothalamic disruption. EEA has become popular in recent decades to resect suprasellar tumor, but some authors do not support the use of EEA for tumors located in the third ventricle because the intact floor of the third ventricle may be at least partially violated by using the infrachiasmatic corridor (16). Recently, several authors have reported the outcomes of EEA for third ventricle tumors (17–21). In these studies, GTR ranged from 66.7%–90%, with newly developed endocrinopathy ranging from 18%–67% for panhypopituitarism, and the improvement rate for visual functions ranging from 56%–86%. The CSF leakage rate ranged from 3.8%–69%, with a recurrence rate ranging from 18%–34.4%. In our study, we report our successful experience in treating 11 patients with tumors located in the third ventricle by an expanded endoscopic transnasal approach via TLTA combined with or without access through TCPC. GTR was achieved in eight cases (72.7%). Visual impairments were improved or unchanged in nine cases (81.8%), with two new-onset diabetes inspidus, seven new onset cases of hypopituitarism, no surgical-related deaths and no CSF leaks. Only one patient had recurrent craniopharyngioma in 12 months. The results imply that it is feasible to remove deep-seated tumors in the third ventricle via TLTC by EEA.

The major finding of this report was that the patients achieved GTR after undergoing tumor resection via EEA even though a large amount of tumor extended up into the third ventricle above and behind the chiasm. Preoperatively, we evaluated the tumor topography using MRI. The suprachiasmatic and infrachiasmatic corridors were first evaluated with sagittal MRI. The NCL was used to divide the tumor into two-regions described as supra-NCL and infra-NCL. The surgical strategy was formulated in advance by evaluating the predominance of the supra-and infra-NCL regions. For tumors located in the third ventricle, the chiasm was likely to be compressed anterior-inferiorly, resulting in a chiasm-pituitary corridor too narrow to gain access to the tumor. For tumors with a supra-NCL region less than 20%, the chiasm was more likely to be compressed superiorly; thus, tumor resection could often be performed through the chiasm-pituitary corridor (22). With tumor decompression, the upper part of the tumor settled into the surgical field to be easily removed from the interface between tumor and hypothalamus. For tumors with a supra-NCL region more than 20%, the chiasms were more likely be compressed inferiorly, and the lamina terminalis provided good access to the upper part of the tumors. During the process of tumor depression, the chiasm resettled upward, so that TCPC was accessed to remove the lower part of the tumor. Therefore, the combination of TLTA via the TCPC was needed for this subtype of tumor. However, if the tumor region below the NCL was less than 10%, then the tumor could be removed by TLTA alone because the lower region could be moved upward by slight manipulation of the chiasm. For tumors in the third ventricle, intraoperative frozen pathology was needed to confirm the histological results. For germ cell tumors or optic gliomas, partial resection after tumor decompression was sufficient to reconstruct the cerebrospinal fluid circulation, and postoperative adjuvant radiotherapy and chemotherapy were then combined. For tumors with tight adhesion to important blood vessels such as the ACA or internal cerebral veins, a small amount of residual tumor was accepted if the tumor could not be separated, and adjuvant postoperative radiotherapy was employed to reduce tumor recurrence.

The limitation of TLTA is that higher surgical manipulation through the lamina terminalis may have a higher incidence of injury to the optic chiasm or anterior communicating artery (AComA) complex, because most of the blood supply to the optic apparatus comes from the branches of the ACA and AcomA (22, 23). Also, the AComA sometimes blocked the suprachiasmic corridors to expose the lesions in the third ventricle. So, some authors advocated the surgical clipping and division of the AComA in selected patients through the bifrontal basal interhemispheric approach or the anatomical feasibility through the endoscopic endonasal corridor to achieve a better visualization (24, 25). In our study, visual function worsened in 18.2% of the patients. We also used intra-operative VEP monitoring to assess manipulation of the optic nerve in order to avoid surgical damage to visual function (11). We also tried to remove more bone from the optical canals to increase the mobilization of the optic chiasm, which can reduce manipulation injuries though TLTA (26). The indications and complications of EEA TLTA for tumors extended into third ventricle were summarized in Table 3.


Table 3 | The indications and complications of EEA TLTA for tumors extended into third ventricle.





Comparison of Different Approaches to Tumors Extending Into the Third Ventricle

Currently, transcranial approaches such as the transcallosal interforniceal approach, transventricular approach and trans-lamina terminalis approach are commonly used to remove tumors extending into the third ventricle. The indications and pros and cons of these approaches are summarized in Table 4.


Table 4 | Indications and pros and cons of different surgical approaches to the tumors extended to third ventricle.



The transcallosal interforniceal route provides an excellent window for the dissection of tumors from the hypothalamus bilaterally, especially for larger tumors and tumors that favor the posterosuperior aspect of the third ventricle. However, direct visualization of the third ventricle floor and displaced optic chiasm from this superior viewpoint is unsatisfactory. Thus, tumor tissue in the anterior third ventricle and suprasellar cistern can be difficult to dissect safely given the working angle and depth, and resection can cause inadvertent damage of the third ventricle floor involving infundibulum/stalk disconnection and surrounding arteries. Furthermore, the transcallosal approach may cause cognitive decline in adults (27, 28).

In the transventricular approach, access into the third ventricle is performed via enlargement of the Monro foramen. However, the Monro foramen is more likely to be small in the absence of a dilated ventricular system, which will increase the risk to the ipsilateral fornix and deep venous structures. Additionally, the long working depth and blind spots in the transventricular approach can also complicate efforts to dissect the deep margin of the tumor from neurovascular structures when adherence is present.

The trans-lamina terminalis approach is suggested for tumors occupying the anteroinferior portion of the third ventricle. Entry through the lamina terminalis is associated with risks to the adjacent optic pathways, supraoptic nuclei of the hypothalamus and columns of the fornix. The small trans-lamina terminalis corridor is biased toward the inferior aspect of the third ventricle. There are various approaches for access to the lamina terminalis, such as the transcranial and transnasal approaches. When approached from the pterional corridor, lateral subfrontal and/or midline subfrontal interhemispheric corridor, limited visualization of the superior extent of tumor extension makes it difficult to reach tumors that extend posteriorly and superiorly. Elevation of the ACA also limits the superior trajectory of the exposure. Generally, the interface between the tumor and hypothalamus cannot be directly visualized through transcranial approaches, so it is often necessary to remove the tumor by traction. The damage to the hypothalamus caused by tumor traction is far greater than that caused by sharp dissection under direct vision. Therefore, if the tumor is integrated into the walls of the hypothalamus, many surgeons advocate forgoing total resection, leaving the part that adheres to the hypothalamus to avoid postoperative functional complications.

EEA has improved our ability to perform a cleaner dissection of the tumor away from the hypothalamus, with direct visualization of the interface between the tumor and hypothalamus. This can decrease damage to the hypothalamus caused by tumor traction, which means that EEA may be worthwhile to achieve GTR of the tumor with less damage to the hypothalamus (29, 30). Furthermore, radiotherapy to treat these tumors can also be damaging. In addition, the risk of re-operation for recurrent tumors after radiotherapy is higher, and the total resection rate can be significantly lower (31–33), especially for large cystic craniopharyngiomas, which tend to adhere more tightly to the hypothalamus, and from which a small residue may quickly grow into a large cyst tumor. Therefore, we attempt total resection whenever possible by careful sharp dissection between the tumor and hypothalamus to avoid these postoperative complications.




Conclusions

TLTA provides a feasible suprachiasmatic corridor to remove lesions extending into the third ventricle by EEA. Sound understanding of the major strengths and limitations of this approach, as well as strategies for complication avoidance, is necessary for its safe and effective application.



Data Availability Statement

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



Ethics Statement

The studies involving human participants were reviewed and approved by Ethic committee of Beijing Tiantan Hospital, Capital Medical University (KY 2021-041-02). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conception and design: SG, LC, and YZ. Surgical Intervene: LC, JK, HZ, and JB. Data Collection and Analysis: LC, WW, and JK. Technique support: HQ and XY. Drafting the article: LC and SG. Critically revising the article: all authors. Approved the final version of the manuscript on behalf of all authors: SG. Study supervision: all authors. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the Capital’s Funds for Health Improvement and Research (grant no.2020-4-1077), the Beijing Municipal Science & Technology Commission (Z19110700660000) and Beijing Hospitals Authority Clinical Medicine Development of Special Funding Support (XMLX202108).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.761281/full#supplementary-material



References

1. King, TT. Removal of Intraventricular Craniopharyngiomas Through the Lamina Terminalis. Acta Neurochir (Wien) (1979) 45(3-4):277–86. doi: 10.1007/BF01769141

2. Aldave, G. Enhancing Access to the Suprasellar Region: The Transcallosal Translamina Terminalis Approach. J Neurosurg Pediatr (2020) 26(5):572–5. doi: 10.3171/2020.5.PEDS20369

3. Khatri, D, Wagner, K, Ligas, B, Higbie, C, and Langer, D. Excision of a Retrochiasmatic Craniopharyngioma by Transcallosal, Interforniceal Approach With Exoscope Assistance: 2-Dimensional Operative Video. Oper Neurosurg (Hagerstown) (2020) 19(4):E411. doi: 10.1093/ons/opaa130

4. Chamoun, R, and Couldwell, WT. Transcortical-Transforaminal Microscopic Approach for Purely Intraventricular Craniopharyngioma. Neurosurg Focus (2013) 34(1 Suppl):Video 4. doi: 10.3171/2013.V1.FOCUS12347

5. Davanzo, JR, Goyal, N, and Zacharia, BE. Expanded Endoscopic Endonasal Resection of Retrochiasmatic Craniopharyngioma. J Neurol Surg B Skull Base (2018) 79(2):S194–5. doi: 10.1055/s-0038-1623524

6. Gardner, PA, Kassam, AB, Snyderman, CH, Carrau, RL, Mintz, AH, Grahovac, S, et al. Outcomes Following Endoscopic, Expanded Endonasal Resection of Suprasellar Craniopharyngiomas: A Case Series. J Neurosurg (2008) 109(1):6–16. doi: 10.3171/JNS/2008/109/7/0006

7. Dho, YS, Kim, YH, Se, YB, Han, DH, Kim, JH, Park, CK, et al. Endoscopic Endonasal Approach for Craniopharyngioma: The Importance of the Relationship Between Pituitary Stalk and Tumor. J Neurosurg (2018) 129(3):611–9. doi: 10.3171/2017.4.JNS162143

8. Kitano, M, and Taneda, M. Extended Transsphenoidal Surgery for Suprasellar Craniopharyngiomas: Infrachiasmatic Radical Resection Combined With or Without a Suprachiasmatic Trans-Lamina Terminalis Approach. Surg Neurol (2009) 71(3):290–298, discussion 298. doi: 10.1016/j.surneu.2007.11.014

9. Seo, Y, Kim, YH, Kim, JH, Kong, DS, Dho, YS, Kang, H, et al. Outcomes of the Endoscopic Endonasal Approach for Tumors in the Third Ventricle or Invading the Third Ventricle. J Clin Neurosci (2021) 90:302–10. doi: 10.1016/j.jocn.2021.06.012

10. Lei, C, Chuzhong, L, Chunhui, L, Peng, Z, Jiwei, B, Xinsheng, W, et al. Approach Selection and Outcomes of Craniopharyngioma Resection: A Single-Institute Study. Neurosurg Rev (2021) 44(3):1737–46. doi: 10.1007/s10143-020-01370-8

11. Qiao, N, Yang, X, Li, C, Ma, G, Kang, J, Liu, C, et al. The Predictive Value of Intraoperative Visual Evoked Potential for Visual Outcome After Extended Endoscopic Endonasal Surgery for Adult Craniopharyngioma. J Neurosurg (2021), 1–11. doi: 10.3171/2020.10.JNS202779

12. Leng, LZ, Greenfield, JP, Souweidane, MM, Anand, VK, and Schwartz, TH. Endoscopic, Endonasal Resection of Craniopharyngiomas: Analysis of Outcome Including Extent of Resection, Cerebrospinal Fluid Leak, Return to Preoperative Productivity, and Body Mass Index. Neurosurgery (2012) 70(1):110–123; discussion 123-114. doi: 10.1227/NEU.0b013e31822e8ffc

13. Choudhri, O, and Chang, SD. Subfrontal Trans-Lamina Terminalis Approach to a Third Ventricular Craniopharyngioma. Neurosurg Focus (2016) 40 Video Suppl 1:2016 2011 FocusVid 15416. doi: 10.3171/2016.1.FocusVid.15416

14. Hori, T, Kawamata, T, Amano, K, Aihara, Y, Ono, M, and Miki, N. Anterior Interhemispheric Approach for 100 Tumors in and Around the Anterior Third Ventricle. Neurosurgery (2010) 66(3 Suppl Operative):65–74. doi: 10.1227/01.NEU.0000365550.84124.BB

15. Liebelt, BD, Hooten, KG, and Britz, GW. The Anterior Subcallosal Approach to Third Ventricular and Suprasellar Lesions: Anatomical Description and Technical Note. World Neurosurg (2016) 87:187–94. doi: 10.1016/j.wneu.2015.12.011

16. Kassam, AB, Gardner, PA, Snyderman, CH, Carrau, RL, Mintz, AH, and Prevedello, DM. Expanded Endonasal Approach, a Fully Endoscopic Transnasal Approach for the Resection of Midline Suprasellar Craniopharyngiomas: A New Classification Based on the Infundibulum. J Neurosurg (2008) 108(4):715–28. doi: 10.3171/JNS/2008/108/4/0715

17. Cavallo, LM, Solari, D, Esposito, F, and Cappabianca, P. The Endoscopic Endonasal Approach for the Management of Craniopharyngiomas Involving the Third Ventricle. Neurosurg Rev (2013) 36(1):27–37; discussion 38. doi: 10.1007/s10143-012-0403-4

18. Gu, Y, Zhang, X, Hu, F, Yu, Y, Xie, T, Sun, C, et al. Suprachiasmatic Translamina Terminalis Corridor Used in Endoscopic Endonasal Approach for Resecting Third Ventricular Craniopharyngioma. J Neurosurg (2015) 122(5):1166–72. doi: 10.3171/2015.1.JNS132842

19. Forbes, JA, Ordonez-Rubiano, EG, Tomasiewicz, HC, Banu, MA, Younus, I, Dobri, GA, et al. Endonasal Endoscopic Transsphenoidal Resection of Intrinsic Third Ventricular Craniopharyngioma: Surgical Results. J Neurosurg (2019) 131(5):1152–62. doi: 10.3171/2018.5.JNS18198

20. Koutourousiou, M, Fernandez-Miranda, JC, Wang, EW, Snyderman, CH, and Gardner, PA. The Limits of Transsellar/Transtuberculum Surgery for Craniopharyngioma. J Neurosurg Sci (2018) 62(3):301–9. doi: 10.23736/S0390-5616.18.04376-X

21. Algattas, H, Setty, P, Goldschmidt, E, Wang, EW, Tyler-Kabara, EC, Snyderman, CH, et al. Endoscopic Endonasal Approach for Craniopharyngiomas With Intraventricular Extension: Case Series, Long-Term Outcomes, and Review. World Neurosurg (2020) 144:e447–59. doi: 10.1016/j.wneu.2020.08.184

22. Omay, SB, Almeida, JP, Chen, YN, Shetty, SR, Liang, B, Ni, S, et al. Is the Chiasm-Pituitary Corridor Size Important for Achieving Gross-Total Resection During Endonasal Endoscopic Resection of Craniopharyngiomas? J Neurosurg (2018) 129(3):642–7. doi: 10.3171/2017.6.JNS163188

23. Kim, KH, Kim, YH, Dho, YS, Kim, JH, Hong, SD, Choi, JW, et al. Is Low-Lying Optic Chiasm an Obstacle to an Endoscopic Endonasal Approach for Retrochiasmatic Craniopharyngiomas? (Korean Society of Endoscopic Neurosurgery -003). World Neurosurg (2018) 114:e306–16. doi: 10.1016/j.wneu.2018.02.178

24. Teramoto, S, and Bertalanffy, H. Predicting the Necessity of Anterior Communicating Artery Division in the Bifrontal Basal Interhemispheric Approach. Acta Neurochir (Wien) (2016) 158(9):1701–8. doi: 10.1007/s00701-016-2884-3

25. La Corte, E, Selimi, A, Ottenhausen, M, Forbes, JA, Arnaout, MM, Ferroli, P, et al. Anterior Communicating Artery Division in the Endoscopic Endonasal Translamina Terminalis Approach to the Third Ventricle: An Anatomical Feasibility Study. Acta Neurochir (Wien) (2019) 161(4):811–20. doi: 10.1007/s00701-018-3709-3

26. Metwali, H, Gerganov, V, and Fahlbusch, R. Optic Nerve Mobilization to Enhance the Exposure of the Pituitary Stalk During Craniopharyngioma Resection: Early Experience. J Neurosurg (2016) 125(3):683–8. doi: 10.3171/2015.6.JNS141847

27. Woiciechowsky, C, Vogel, S, Lehmann, R, and Staudt, J. Transcallosal Removal of Lesions Affecting the Third Ventricle: An Anatomic and Clinical Study. Neurosurgery (1995) 36(1):117–122; discussion 122-113. doi: 10.1227/00006123-199501000-00015

28. Woiciechowsky, C, Vogel, S, Meyer, BU, and Lehmann, R. Neuropsychological and Neurophysiological Consequences of Partial Callosotomy. J Neurosurg Sci (1997) 41(1):75–80.

29. Liu, JK, Sevak, IA, Carmel, PW, and Eloy, JA. Microscopic Versus Endoscopic Approaches for Craniopharyngiomas: Choosing the Optimal Surgical Corridor for Maximizing Extent of Resection and Complication Avoidance Using a Personalized, Tailored Approach. Neurosurg Focus (2016) 41(6):E5. doi: 10.3171/2016.9.FOCUS16284

30. Liu, JK, and Eloy, JA. Endoscopic Endonasal Approach for Resection of a Pediatric Craniopharyngioma: Operative Video and Technical Nuances. J Neurol Surg B Skull Base (2018) 79(Suppl 3):S245–6. doi: 10.1055/s-0038-1626707

31. Steno, J, Bizik, I, Steno, A, and Matejcik, V. Recurrent Craniopharyngiomas in Children and Adults: Long-Term Recurrence Rate and Management. Acta Neurochir (Wien) (2014) 156(1):113–122; discussion 122. doi: 10.1007/s00701-013-1938-z

32. Dhandapani, S, Singh, H, Negm, HM, Cohen, S, Souweidane, MM, Greenfield, JP, et al. Endonasal Endoscopic Reoperation for Residual or Recurrent Craniopharyngiomas. J Neurosurg (2017) 126(2):418–30. doi: 10.3171/2016.1.JNS152238

33. Fouda, MA, Karsten, M, Staffa, SJ, Scott, RM, Marcus, KJ, and Baird, LC. Management Strategies for Recurrent Pediatric Craniopharyngioma: New Recommendations. J Neurosurg Pediatr (2021) 27:581–8. doi: 10.3171/2020.9.PEDS20606




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 © 2021 Cao, Wu, Kang, Qiao, Yang, Bai, Zhu, Zhang and Gui. 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-11-761281-g003.jpg





OEBPS/Images/fonc-11-761281-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Expanded Transsphenoidal Trans-Lamina Terminalis Approach to Tumors Extending Into the Third Ventricle: Technique Notes and a Single Institute Experience

      

        		

          Object

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patient Selection

          



          		

            Preoperative MRI Evaluation

          



          		

            Surgical Techniques

          



          		

            Extent of Tumor Resection

          



          		

            Visual Function

          



          		

            Endocrine Status

          



        



        



        		

          Results

        

          		

            Demographic and Clinical Factors

          



          		

            Extent of Tumor Resection

          



          		

            Ophthalmologic and Endocrine Outcomes

          



          		

            Postoperative Complications and Outcomes

          



          		

            Illustrative Case

          



        



        



        		

          Discussion

        

          		

            Feasibility of Using TLTA for Tumors Extending Into the Third Ventricle by EEA

          



          		

            Comparison of Different Approaches to Tumors Extending Into the Third Ventricle

          



        



        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
NO. Percentage

Extent of tumor resection

GTR 8 72.7%

PTR 3 27.3%
Visual outcome

Improved 4 36.4%

Not changed 5 45.5%

Worse 2 18.2%
Adenohypophysis function

Improved 1 9.1%

Not changed 3 27.3%

Worse 7 63.6%
Diabetes insipidus

Improved 0 0

Not changed 9 81.2%

Worse(new-onset) 2 18.2%
Post-op BMI>30 or 9% more BMI gained

Yes 1 9.1%

Not 10 90.9%
Complications

CSF leaks 0 0

Infections 1 9.1%

Electrolyte imbalance (in post-op. 2w) 6 54.5%

Mortality 0 0

Recurrent 1 9.1%
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Surgical Indications

approaches

Transcallosal

interforniceal the third ventricles

approach

Transventricular Tumors favor the posterosuperior aspect of the third

approach ventricles with dilated Monro’s Foramen or tumors
extended into the lateral ventricle

Anterior Tumors occupying the anteroinferior portion of the third

interhemispheric ventricle without ACoA complex blocking lamina terminalis

approach via TLTA

Subfrontal or
pterion approach

Tumors occupying the anteroinferior portion of the third
ventricle without ACoA complex blocking lamina terminalis

via TLTA
EEA via TCPC Tumors favors sub-NCL part of the third ventricle
EEA via TLTA Tumors favor supra-NCL part of the third ventricle without

extending into lateral ventricle

Advantages

Tumors favor the middle line and posterosuperior aspect of 1. Better for larger tumors and tumors
that favor the posterosuperior aspect of

the third ventricle

2. Excellent window for the dissection of
tumor from the hypothalamus bilaterally

1. Excellent visualization for larger tumors

and tumors that favor the posterosuperior

aspect of the third ventricle

Excellent visualization of tumors through
lamina terminalis

Excellent visualization of contralateral wall
of hypothalamus and third ventricle floor
thought lamina terminalis

1. Excellent visualization of
infrachiasmic tumor
2. little traction of optic chiasm

Excellent visualization of the suprachiasmic

tumor

the

1

Disadvantages

. Long work distance

Cognitive impairment

. Limited  visualization of the third

ventricle floor and displaced optic
chiasm from this superior viewpoint

. Risk to the ipsilateral fornix and deep

venous structures

. Long work distance
. Limited visualization of deep margin

of the tumor

. Risks to the adjacent optic pathways,

supraoptic nuclei of the
hypothalamus, and columns of the
fornix

. ACoA complex block TLTA
. Limited visualization of the superior

extent of tumor extension and
ipsilateral wall of hypothalamus

. ACoA complex and ipsiateral A1

block TLTA

. Long work distance

. Bad visualization of upper tumor to
roof of third ventricle

. TCPC is narrow when chiasm
prefixed

. CSF leaks
1.High risk to optic chiasm for

traction

. Limited visualization of infrachiasmic

tumors

. Long wok distance
. CSF leaks

TLTA, translamina terminalis approach; TCPC, trans chiasm-pituitary corridor; EEA, extended endoscopic approach; ACoA, artery communicating artery: CSF, cerebrospinal fiuid.
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Details

Indications All tumors were located retrochiasm in the third ventricle with the percent of supra-NCL part over 20 percent.
Complications Visual impairment, endocrinological disorders, CSF leaks, electrocyte imbalance
Complications avoidance 1.Protect the blood supply to chiasm, intra-operative VEP monitoring, reduce retraction of optic chiasm, remove the bone of optical canals
techniques to increase the optic nerve mobilization.
2.Skull base reconstruction using nasal septal flap.
3.Monitor the water and electrocyte balance.
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Case Patho. CTNNB1/ Gender/ symptoms Approach Supra- Extentof  Pre- Post-  Intra-  Pre-op. Post-op. Pre- Post- Pre- Pre- Adjunc- Recur-

BRAFV600E  age NCL/  resection op.Visual op.Visual op.VEP hypopituita- hypopituita- op. op. op. op. tive rent
Mutation sub- deficit  deficit rism rism DI DI BMI BMI therapy
NCL
1 PCP s+ M40 Tongue  TLTA 50%/ GTR Nor. Nor. No- Nor. N N N 204 312 N N
numbness  +TCPC 50% change
-3 oM NA M43 epiepsy  TLTA 80%/ PTR Nor. Nor. No- Nor. Y N Y 247 2583 N N
+TCPC 20% change
3 GeT NA F/25  Polydipsia, TLTA 80%/ PTR Visual Worse  Worse Nor. Y Y Y 267 247 R«C N
polyuria, 20% deficit
visual deficit
4 G NA W37 Polydipsia, TLTA 95%/ GTR Visual Improved  Improved Nor. Y Y Y 267 289 N N
polyuria, 5% deficit
visual deficit
5 PCP I+ M43 visual deficit TLTA 50%/ GTR Visual No- No- Nor. Y N Y 243 247 R Y
+TCPC 50% deficit changed  changed
6 ACP NA® W46 visual deficit  TLTA 70%/  GTR Visual improved  Improved Nor. Y N N 234 243 N N
+TCPC 30% deficit
7 PCP -/ M/55  visual deficit TLTA 70%/ GTR Visual No- No- Nor. y N N 268 249 N N
+TCPC 30% deficit changed  changed
8 ACP +- M52 visual deficit TLTA 55%/ PTR Visual Worse  Worse Nor. Y N N 324 287 Y N
+TCPC 45% deficit
9 PCP -/ M68  polydipsia, TLTA 95%/ GTR Visual Improved  Improved Nor. N Y Y 272 204 N N
polyuria, 5% deficit
visual deficit
10 PCP -/ W42 visual deficit TLTA 55%/ GTR Visual Improved  Improved Nor. N N N 204 185 N N
+TCPC 45% deficit
1 PCP /+ W57 Memory  TLTA 90%/ GTR Visual Improved  Improved Nor. N N N 261 264 N N
disorder, 10% deficit
visual deficit

Patho., Pathology; PCP, papilary craniopharyngioma; CM,cavemous malformation; CG, chordoid glioma; TLTA, transiamina terminalis approach; TCPC, trans chiasm-pituitary corricor; GTR, gross total resection; PTR, partial total resection;
GCT, germinal cell tumor; ACP, adamantinomatous craniopharyngioma; DI, diabetes insipidus; Nor, normal; Y, yes; N, No; R, radiotherapy; C, chemotherapy; NA, Not available; °, specimen was not enough for detection of CTNNBT and
BRAFVEOOE mutation.





