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Pituitary adenomas in Knosp grade 4 are difficult to resect completely and are generally involved in poor prognosis, because of the close relationship between the tumor and internal carotid. In this study, the authors retrospectively reviewed the outcome of different transcranial approaches in the management of large-to-giant pituitary adenomas in Knosp grade 4. A total of 42 patients with large-to-giant pituitary adenomas in Knosp grade 4, who underwent craniotomy in the Pituitary Disease Subdivision, Department of Neurosurgery, Beijing Tiantan Hospital, between March 2012 and March 2015 were included in this study. Clinical characteristics, surgical methods, complications, and outcomes were evaluated. The median age was 45 years (range, 19–73 years old), and 42.9% of the enrolled cases were men. The mean tumor diameter was 43.6 mm, and the mean volume was 30.9 cm3. 26 patients underwent the frontolateral approach, while 16 cases accepted the frontotemporal approach. Gross total resection was achieved in 11 patients (26.2%), near total in 26 (61.9%), and subtotal in 5 (11.9%). The adenomas were larger, and the distance of the tumor extending to the lateral skull base was also further in the frontotemporal approach cases. The surgical time was shorter, and the bleeding volume was less in the frontolateral approach cases. Subsellar extension was associated with incomplete resection in pituitary macroadenomas of Knosp grade 4. The craniotomy is still an effective treatment for pituitary macroadenomas in Knosp grade 4.
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Introduction

As one of the most common benign tumors in the brain, pituitary adenoma accounts for 10%–15% of all intracranial tumors (1, 2). However, approximately 20%–55% of pituitary adenomas present an aggressive behavior and invade surrounding structures, such as the third ventricle, cavernous sinus, and sphenoid sinus. According to the Knosp classification, Knosp 3–4 was considered as a cavernous sinus invasion (3). The surgical strategy for pituitary adenomas with the cavernous sinus invasion and large tumor volume is particularly challenging, due to the deep intracranial location and being close to critical neurovascular structures.

The transsphenoidal approach is the preferred treatment in the surgical therapy of pituitary adenoma, which involves fewer complications (4). The improvements in visualization and additional lighting and the application of neuroendoscopy allow neurosurgeons to better distinguish tumor from normal tissue (5). The transsphenoidal approach is the preferred choice for pituitary adenomas with mild cavernous sinus invasion (Knosp grades 1–2), even part of adenomas in Knosp grade 3. However, endoscopic surgery still works less well in large-to-giant adenomas with multilobular configuration and extension beyond the lateral wall of the cavernous sinus, due to a narrow surgical working channel (6). Because of the adjacency of neurovascular structures in the cavernous sinus and the complicated anatomy of the skull base, it is difficult to completely remove the pituitary adenomas in Knosp grade 4 (7, 8). The incomplete resection rate is still up to 50%–65% of pituitary adenomas with the cavernous sinus invasion, even though the extended endoscopy technique has been gradually employed (9–11).

The transcranial approach is still essential for 1%–10% of large-to-giant adenomas with irregular shape and extension into the subfrontal region, retrochiasmatic area, or temporal region (6, 12). Recently, limited articles have addressed the transcranial approach to large-to-giant adenomas in Knosp grade 4.

The present study provides the outcome and complications of 42 patients with large-to-giant pituitary adenomas in Knosp grade 4 treated by the transcranial approach.



Materials and Methods


Data Collection

The ethical review committee at the Capital Medical University approved this study. A prospectively acquired database on all patients with pituitary adenoma who underwent surgery in the Pituitary Disease Subdivision, Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, between March 2012 and March 2015 was retrospectively reviewed. All surgeries were performed by the senior authors (WJ and GJ). A total of 625 patients were pathologically confirmed to be pituitary adenoma during this time period. After excluding patients who are <18 years old or underwent transsphenoidal approach surgery, we finally confirmed 42 cases of craniotomy with pituitary adenomas in Knosp grade 4. The surgical approaches were discussed by neurosurgeons in our department and finally determined by two senior neurosurgeons (WJ and GJ). Tumors with mainly suprasellar invasion or a dumbbell shape tended to be treated with the frontolateral approach (Figures 1A–C). Pituitary adenoma in Knosp grade 4 with a large eccentric extension into the middle or posterior cranial fossa or temporal lobe tended to be dealt with using the frontotemporal approach (Figures 2A–C).




Figure 1 | Schematic diagrams and MRI images of frontolateral approach. Schematic diagrams of incision, surgical field, and microanatomy of frontolateral approach (A). Preoperative (B) and 3-month postoperative (C) coronal enhanced MRI images of a giant pituitary adenoma in Knosp grade 4 that underwent the frontolateral approach.






Figure 2 | Schematic diagram and MRI images of the frontotemporal approach. Schematic diagrams of incision, surgical field, and microanatomy of frontolateral approach (A). Preoperative (B) and 3-month postoperative (C) coronal enhanced MRI images of a giant pituitary adenoma in Knosp grade 4 that underwent the frontotemporal approach.





Radiological Findings

Magnetic resonance images (MRI) were acquired in each patient using a standard 3.0-T scanner preoperatively and postoperatively. The neurosurgeons interpreted the pre- and postsurgical MRI findings based on the T1-weighted coronal slices with and without contrast enhancement. Parasellar extension was evaluated by the Knosp grading scale (3) (grade 3 and grade 4). Suprasellar extension was identified according to the Wilson–Hardy grade (2) (grade C and grade D). Subsellar extension was estimated by the results of computed tomography (CT) combined with the MRI findings and intraoperative observation. The invasion and resection status of pituitary adenomas was respectively assessed by WJ, XG, and WZ, who provided independent evaluations in an attempt to decrease the reporting bias. To quantitatively define the tumor size, the maximum diameter of the tumor was measured based on the T1-weighted coronal slices with and without contrast enhancement from the axial, sagittal, and coronal images. The tumor volume was calculated according to the formula: V = abcπ/6 (a: length; b: width; c height).



Endocrinological and Ophthalmological Evaluations

Pituitary hormone measurements, visual field tests, and visual acuity tests were performed in all patients preoperatively and 3 months postoperatively. The hormone panels included prolactin, GH, IGF-1, cortisol, ACTH, LH/FSH, progesterone, estradiol, testosterone, FT3, TT3, FT4, TT4, and TSH levels. Hormone remission was defined according to the following criteria: for patients with prolactinoma, serum PRL <20 ng/ml in women or <15 ng/ml in men (13); for patients with acromegaly, normalized age-adjusted insulin-like growth factor-1 level (IGF-1) and GH random level <1 ng/ml, or an oral glucose tolerance test <0.4 ng/ml (14, 15); and for patients with Cushing’s syndrome, morning serum cortisol values <5 μg/dl or urine free cortisol <10–20 g/day (16). Male patients with reduced testosterone or female patients with low FSH levels were considered as hypogonadism. Patients with reduced fT4 and/or elevated TSH were identified as hypothyroidism. Patients with low cortisol levels were defined as hypocortisolism. Patients with low levels of all pituitary hormones were considered as panhypopituitarism.



Tumor Subtypes

Tumors were classified according to the hormone level and pathological diagnosis (17, 18). According to hormone level, tumors were classified into functioning adenomas and non-functioning adenomas. According to the histopathologic findings, non-functioning adenomas were further divided into null cell adenomas and silent pituitary adenomas (including PRL positive, GH positive, ACTH positive, FSH/LH positive, TSH positive, or plurihormonal positive).



Follow-Up

The MRI, neurological, and endocrinological evaluations were repeated at 3, 6, and 12 months followed by per year after surgery.



Statistics Analysis

Statistics analysis was performed using IBM SPSS Statistics software (version 24.0, Armonk, NY: IBM Corp). Figures were made by GraphPad Prism 7.0 for Mac OS (GraphPad Software, La Jolla CA, USA). The chi-square test was used to compare categorical data, whereas an unpaired t-test was used to compare subgroup means. The Mann–Whitney U test was performed to compare the postoperative visual acuity, visual field, and resection rate between two surgical approaches. Univariable logistic regressions were performed to analyze predictors of gross total resection. A two-tailed P-value < 0.05 was considered statistically significant.




Results


Clinical Features

A total of 42 patients (18 men; 42.9%) fulfilled the criteria for this study. The median age was 44 years (range, 19–73 years old). As shown in Table 1, the primary presenting symptom was progressive visual loss (83.3%), followed by headache (35.7%) and endocrinopathy (23.8%). The majority of patients were diagnosed with non-functioning pituitary adenomas (36/42, 85.7%). 6 patients were diagnosed with functioning pituitary adenomas, including 2 PRL-secreting adenomas, 3 GH-secreting adenomas, and 1 ACTH-secreting adenoma. 6 patients had recurrent tumors after prior microscopic transsphenoidal or transcranial surgery. Hemianopsia was observed in 31 patients (73.8%) via visual field testing. 3 patients (7.1%) had other cranial nerve palsies. 44.4% (8/18) of men had hypogonadism, while 37.5% (9/24) of women presented with hypogonadism. 5 patients had hypothyroidism, 5 patients had hypocortisolism, and 3 patients presented panhypopituitarism (Table 1).


Table 1 | Clinical characteristics of 42 patients with large to giant pituitary adenomas in Knosp grade 4.



Preoperative MRI findings demonstrated macroadenomas (>10 mm) in all patients. The maximum diameter of the tumor ranged from 25 to 76 mm (mean, 43.6 mm; SD, 11.9 mm). The maximal diameters in most adenomas (61.9%) were more than 40 mm, followed by 30 to 40 mm (26.2%) and 20 to 30 mm (11.9%). The mean approximated volume was 30.9 ± 27.8 cm3. Besides, 76.2% of adenomas were more than 10 cm3. Moreover, 21.4% of adenomas were the bilateral parasellar invasion. All adenomas were accompanied by suprasellar extension and compression of the optic chiasm. 40.5% of adenomas were exhibited with subsellar extension. 14.3% of tumors had a cystic formation (Table 2).


Table 2 | Imaging characteristics of large to giant pituitary adenomas in Knosp grade 4.





Surgical Approach

In this study, all patients underwent craniotomy. Surgical data were summarized as shown in Table 3. Among these, 61.9% of tumors were removed by the frontolateral approach (FL), and the others were via the frontotemporal approach (FT). The mean surgical time was 286 ± 83 min, while the mean amount of bleeding volume was 745 ± 696 ml. Near-total resection (61.9%) was the most, followed by gross total resection (26.2%) and subtotal resection (11.9%).


Table 3 | Surgery and extent of resection.



In our study, we found that the maximum diameter of tumors removed by the frontolateral approach (mean ± SD, 39.9 ± 11.8 mm) was significantly smaller than that of tumors resected by the frontotemporal approach (mean ± SD, 49.6 ± 10.2 mm) (P = 0.009) (Figure 3A). Besides, the tumor volumes in the FL group were smaller compared with the FT group (mean ± SD, 21.9 ± 19.1 cm3 vs. 45.4 ± 33.6 cm3, P = 0.006), (Figure 3B). According to the classification of tumor size, the number of giant adenomas in the FT group was also higher than that in the FL group (P = 0.003, χ2 = 9.040) (Table 4). Furthermore, we measured the distance from the tumor border in the lateral skull base to the tumor center. The expanding distance in the FL (mean ± SD, 26.9 ± 1.6 mm) was also shorter compared with the FT group (mean ± SD, 33.9 ± 2.3 mm) (P = 0.014) (Figure 3C). Due to the invasion of tumors, the number of patients with subsellar extension in the FL group was more than in the FT group (P = 0.023, χ2 = 5.203) (Table 4). However, there was no significance between the two groups in the unilateral or bilateral parasellar invasion. Two groups also had no difference in the status of cystic formation and endocrinological types (Table 4).




Figure 3 | Tumor size in the patients who underwent different surgical approaches. (A) The maximum diameter of tumors in two groups. (B) The tumor volume in two groups. (C) The distance of tumors expanding to the lateral skull base (Student t-test, P < 0.05).




Table 4 | Surgical approach based on preoperative imaging characteristic.





Clinical Outcome and Complications

According to the postoperative histopathological testing, there were 22 null cell adenomas, 12 silent adenomas (including 1 PRL-positive, 1 GH-positive, 1 ATCH-positive, 5 FSH/LH-positive, 2 TSH-positive, and 4 plurihormonal-positive) among non-functioning adenomas. Among functioning adenomas, there were 2 PRL-positive adenomas, 1 GH-positive adenoma, 1 ACTH-positive adenoma, and 2 plurihormonal positive adenomas (Table 5). In functioning adenomas, the remission ratio was 1/2 in PRL adenomas, 0/3 in GH adenomas, and 1/1 in ACTH adenomas (Table 5).


Table 5 | Clinical outcome and complications.



No serious complications such as perioperative death or internal carotid artery injury occurred in the cohort. According to postoperative visual acuity testing, 11 of 35 patients with impaired visual acuity exhibited visual development after surgery, while the visual acuity of 8 patients decreased (Table 5). Meanwhile, 7 of 31 patients with hemianopsia revealed improvement in the visual field (Table 5). However, the defect of the visual field was worsened in 4 patients. Meanwhile, hemorrhage happened in two cases after surgery. 21.4% of patients suffered from postoperative infection. 16 patients presented nerve palsies, and electrolyte disturbance was shown in 20 cases (Table 5).

There was no difference in the extent of resection, change of visual acuity, and visual field between the two approaches. The hormone remission ratios of the FL and FT groups were 1/4 and 1/2, respectively. It was a trend that hemorrhage, infection, nerve palsies, or electrolyte disorder were more prevalent in the FT group than in the FL group, although there was no significant difference in the outcome between the two groups (Table 6).


Table 6 | Outcome and complications between different surgical approach.



Preoperative patients’ clinical and radiological characteristics were analyzed to investigate the ability to predict gross total resection (Table 7). The subsellar extension was a potential unfavorable factor for gross total resection of pituitary macroadenomas in Knosp grade 4 (P = 0.033, OR 10.667, 95% CI 1.214–93.699). However, tumor volume and expanding distance showed no significance, although it was a trend that large volume or expanding distance contributed to the incomplete resection. Sex, age, cystic formation, and surgical approach were not significant predictors for gross total resection.


Table 7 | Univariable logistic regression analyses of predictors for gross total resection.





Follow-Up

36 patients (85.7%) were followed up by 15–46 months after surgery (median 30 months). Among them, 13 patients accepted adjuvant gamma knife treatment. Moreover, 3 of 36 patients presented recurrence. 18 patients presented the progression of residual tumors. Meanwhile, the residual adenomas were stable in 13 cases. The visual acuity of 4 patients was improved during the follow-up period. However, one patient’s visual acuity deteriorated. 4 patients still exhibited endocrine disorder.




Discussion

As the most common lesion in the saddle area, some pituitary adenomas exhibit infiltration into the cavernous sinus structure and a close relationship with the internal carotid. Besides, neurosurgeons are in deep trouble with invasive pituitary macroadenomas as the result of low total removal rate, serious complaints, and high recurrent rate. In this study, we retrospectively reviewed 42 cases with pituitary macroadenomas in Knosp grade 4 who underwent craniotomies. A total of 26 patients underwent frontolateral approaches to remove the tumor, and 16 macroadenomas were excised by frontotemporal approaches. The gross total resection rate, near-total resection rate, and subtotal resection rate were 26.2%,11.9%, and 61.9%, respectively. In the surgical findings, the surgical time was shorter, and the bleeding volume was less through the frontolateral approach than through the frontotemporal approach. However, there was no statistical significance in postoperative complaints. The subsellar invasion was a predictor for incomplete resection.

Patients with pituitary macroadenomas generally have a poor prognosis, such as low gross total resection (GTR) rate, high rate of complications, and recurrence (19–24). Besides, the surgery for parasellar invasive adenomas, especially in Knosp grade 4, is a hot topic in neurosurgeons. As a result, our study focused on the outcome of patients with pituitary macroadenomas in Knosp grade 4. It is a common view that transsphenoidal surgery is the first-line treatment for patients with pituitary adenomas. With advances in technique and experience, mounting evidence suggests that endoscopic transsphenoidal surgery is a substitute for microscopic surgery for properly selected patients with pituitary macroadenomas (6, 25–27). With the development of endoscopic techniques, the endoscopic transsphenoidal approach has become the first-line treatment for the majority of pituitary adenomas. The proportion of patients undergoing the endoscopic transsphenoidal approach gradually increased (28). However, the endoscopic transsphenoidal approach also has some limitations for pituitary adenomas with parasellar invasion or Knosp grade 4. Previous retrospective studies has shown that the GTR rates for tumor extended into the anterior fossa, middle fossa, and posterior fossa were only 7.7%, 19.6%, and 14.3%, respectively (6). For giant pituitary adenomas that dealt with the transsphenoidal endoscopic approach, the GTR rate for rounded, dumbbell, and multilobular tumors was 46.7%–64%, 33.3%–46%, and only 6.1%–8%, respectively (6, 29). For patients with partial resection and intracranial remnant, transcranial reoperation was usually considered (29). In recent years, the indications of the endoscopic transsphenoidal approach gradually became broader. The extended endoscopic transsphenoidal approach can also be applied in selected pituitary adenomas in Knosp grade 4. Although a cohort of pituitary adenomas in Knosp grade 4 reached 70.6% (72/102) after aggressive endoscopic transsphenoidal surgery, life-threating internal carotid artery (ICA) injury occurred in 2 cases (30).

Providing a more panoramic visualization and wider corridor compared with microscopic surgery, extended endoscopic endonasal transsphenoidal surgery does not take the invasion of the medial wall of the cavernous sinus as a contraindication of tumor resection (6, 27, 31). However, the invasion of the lateral wall of the cavernous sinus, even the extension to the temporal lobe, is labeled as a limitation of gross total resection (6). The rate of GTR was 0% to 8% in the cases of macro or giant adenomas with Knosp grade 4 invasion (6, 27, 32, 33). Also, another reason that extensive macro or giant adenomas can be resected through craniotomy is that continuous stable displacement of the neurovascular structures, due to the slow progression of the tumor over decades, provides a potentially large preformed space for resection corridors. The exposure in the frontolateral craniotomy from the contralateral optic nerve to the ipsilateral oculomotor nerve supplies neurosurgeons variety of corridors to resect tumor through the classic subchiasmina, opticocarotid, carotid-oculomotor, and translamina terminalis pathways, allowing resection of deeply located parts of the tumor (Figure 1A). These kinds of multiple corridors avoid the collapse of the tumor bed after the previous steps of resection and maintains the exposure of tumor mass, allowing access to the deeper parts of the tumor (34). As a result of the exposure in this approach including the corridors in the subfrontal approach and frontotemporal approach, we do not require a larger opening at the skull surface to remove a deep lesion. Besides, the frontolateral approach could reduce the incidence of damage to the branch of the facial nerve, supraorbital nerve, and temporal muscle and protect the frontal lobe. However, using this approach is difficult to overcome parts of the lesion extending to the third ventricle, which is not available to get a good surgery field, and is difficult to protect the frontal lobe.

Provided drilling the sphenoid ridge as far down as the superior orbital fissure, the frontotemporal (pterional) approach allows neurosurgeons to reach the tumor via the lateral fissure (Figure 2A), which is the natural space between two lobes. The exposure in the frontotemporal approach from the ipsilateral optic nerve to the oculomotor supplies opticocarotid and carotid-oculomotor pathways to remove the deeply located parts of the tumor (Figure 2A). Besides, this approach also provides a chance to remove the parts of the tumor invading into the cavernous sinus structure via opening the lateral wall of the cavernous sinus. Nevertheless, this surgical approach requires consideration of protecting the temporal branches of the facial nerve (35). Damaging them in the surgery may lead to the paralysis of the frontalis, orbicularis oculi, and corrugator supercilii muscles.

In our study, GTR, evaluated by no residual lesion on the postoperative MRI, was achieved in 26.2% of patients. In addition, the rate of near-total resection was 61.9%. These rates of resection correlate well with some other reports, whose rates are less than 10% (7, 8, 24, 36). The GTR of patients, who underwent the frontolateral approach, was not significantly different from the frontotemporal approach, although a trend toward the GTR in the frontolateral approach was better. Compared with the FL group, the tumor size in the FT group was larger. More importantly, the tumor treated by the FT approach extended further to the lateral skull base than those treated by the TL approach. We chose the frontotemporal approach to protect the frontal lobe. However, the frontotemporal approach was more complex than in the frontolateral craniotomy, leading to a long surgical time and more bleeding volume. Furthermore, the extent of resection and complications did not reach statistical significance between the two surgical approaches.

The complete resection contributes to a decrease in the risk of recurrence and an increase in the chance of endocrinological remission. Although the endoscopic transsphenoidal approach is viewed as the first-line treatment, transcranial surgery still has the advantage of removing the pituitary adenomas with parasellar invasion, especially Knosp grade 4. In this study, we analyzed the preoperative characters of the tumors to predict the extent of resection. Our experience showed that subsellar extension increased the risk of the residual lesion for macroadenomas in Knosp grade 4 when treated by the transcranial approach. In such cases, staging surgery would be a better choice to increase the chance of cure.

There were also some limitations in this study. This study was a retrospective research, and risks of selection bias existed. The operations performed in this series were designed by neurosurgeons in a single center, after a conference discussion according to the preoperative examination. Therefore, the choice of the surgical approach was subjective to some extent. We focused on the transcranial approaches for Knosp grade 4 adenoma. However, we did not discuss combined transsphenoidal and transcranial approaches.



Conclusion

Although the endoscopic transsphenoidal approach is the first-line treatment for pituitary adenoma, the transcranial approach acts as an alternative and still has its value for pituitary adenoma in Knosp grade 4. In the present study, 26.2% (11/42) pituitary adenoma in Knosp grade 4 achieved gross total resection after the transcranial approach. Compared with the frontolateral approach, the frontotemporal approach was more appropriate for tumors in large volume and further extended into the lateral skull base. At the same time, the frontotemporal approach was associated with longer surgical time and more bleeding volume. Subsellar extension was associated with incomplete resection in pituitary macroadenomas of Knosp grade 4. Our analysis summarized the risks and benefits of common transcranial approaches and provided evidence for the design of surgical procedures for large to giant pituitary adenomas in Knosp grade 4.
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