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Purpose: Currently, endoscopic transsphenoidal surgery (ETS) and microscopic transsphenoidal surgery (MTS) are commonly applied treatments for patients with pituitary adenomas. This meta-analysis was conducted to evaluate the efficacy and safety of ETS and MTS for these patients.

Methods: A computer search of Pubmed, Embase, Cochrane library, Web of Science, and Google Scholar databases was conducted for studies investigating ETS and MTS for patients with pituitary adenomas. The deadline is March 01, 2021. RevMan5.1 software was used to complete this meta-analysis after literature screening, data extraction, and literature quality evaluation.

Results: A total of 37 studies including 5,591 patients were included. There was no significant difference in gross tumor removal (GTR) and hormone-excess secretion remission (HES remission) between two groups [RR = 1.10, 95% CI (0.99–1.22), P = 0.07; RR = 1.09, 95% CI (1.00–1.20), P = 0.05]. ETS was associated with lower incidence of diabetes insipidus (DI) [RR = 0.71, 95% CI (0.58–0.87), P = 0.0008], hypothyroidism [RR = 0.64, 95% CI (0.47–0.89), P = 0.007], and septal perforation [RR = 0.32, 95% CI (0.13–0.79), P = 0.01] than those with MTS.

Conclusion: This meta-analysis indicated that ETS cannot significantly improve GTR and HES remission. However, ETS could reduce the incidence of DI, hypothyroidism, and septal perforation without increasing the rate of other complications.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/#myprospero, identifier: CRD42021241217.
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INTRODUCTION

Rapid progressive pituitary adenomas is one of the most common intracranial tumors, constituting nearly 10% of intracranial tumors (1). It often leads to abnormal secretion of pituitary hormones, abnormal vision, and other nerve and brain damages, and ultimately endanger the life of patients. Medication, radiotherapy, and surgery are the main treatments. In addition to a prolactinoma, usually treated with dopamine agonists, surgery was considered the most effective method. However, due to the pivotal location of pituitary adenomas in the pituitary fossa and critical structures such as the hypothalamus, cavernous sinus, and internal carotid artery nearby, traditional surgery is difficult to remove tumors completely. In 1907, Schloffer first proposed transsphenoidal removal of pituitary adenomas (2). Since 1960, microscopic transsphenoidal surgery (MTS) is the preferred choice for pituitary adenoma because of its high cure rate and low incidence of complication. However, there are still some limitations, especially the poor vision above and to the side of the saddle area.

With the development of endoscopic technology, surgery has been developed rapidly. In 1992, Jankowski adopted endoscopic technology in the procedure of pituitary adenomas (3). In 2007, Laufer et al. found that endoscopic transsphenoidal surgery (ETS) is safer (4).

In recent years, some newly published controlled trials investigated the efficacy and safety between ETS and MTS for the treatment of pituitary adenomas. However, the results are inconclusive. This meta-analysis was conducted based on these inconclusive results.



METHODS


Protocol and Registration

This meta-analysis was conducted based on the Preferred Reporting Items for Systematic reviews and meta-analyses (PRISMA) recommendations. Previously, we complete a protocol registration on PROSPERO with the number CRD42021241217.



Search Strategy

A search of Pubmed, Embase, Cochrane Controlled Center Register of Controlled Trials (CENTRAL), and Web of Science was performed (cutoff was set on March 01, 2021). Keywords include “microscopic,” “endoscopic,” “Cushing Syndrome,” “Cushing's Disease,” “pituitary adenoma,” “Pituitary Adenomas,” “Acromegaly,” “transsphenoidal.” References of included studies were screened for additional potential trials. No language restriction was applied. Endnote X9 (Thomson Reuters, New York, USA) was used to remove duplicate documents. Titles, abstracts, and full texts were screened respectively to select studies that met the inclusion criteria. We also supplemented it with Google Scholar and further searched the references of the selected articles.



Inclusion and Exclusion Criteria


Inclusion Criteria

(1) Research types: prospective cohort study (PCS), retrospective cohort study (RCS) or case-control study publicly published at home and abroad; (2) Research objects: patients with pituitary adenomas aged >18 years; (3) Intervention measures: experimental group using ETS and the control group was treated with MTS; (4) Main outcomes were: gross tumor removal (GTR), hormone-excess secretion remission (HES remission), treatment-related adverse events (TARE) including cerebrospinal fluid (CSF) leak, diabetes insipidus (DI), epistaxis, hypopituitarism, meningitis, overall complication, visual improvement, Visual loss, hyponatremia/(SIADH), and septal perforation.



Exclusion Criteria

Articles that do not meet the inclusion criteria, cannot obtain the main indicators in the article, and have not received a response through contacting the author and republished articles were excluded.




Data Extraction

General characteristics of the included studies were obtained through reading the full text, as well as the inclusion criteria, interventions, follow-up, main outcomes, etc. For unavailable data, we would try to contact the author through emails. Data extraction was performed by two authors independently. If there is any inconsistency or disagreement in the data, first discuss it. If it still cannot be resolved, the third author will resolve it.



Literature Quality Evaluation

Two authors respectively assessed the included studies according to The Newcastle–Ottawa Scale, NOS. The quality evaluation contains three aspects with eight items: Selection, Comparability, and Exposure.



Statistical Analysis

RevMan5.1 software was used to complete this meta-analysis. The chi-square test and I2 test were used to analyze the heterogeneity among the studies. When low homogeneity among studies was observed (I2 <50%, p > 0.1), the fixed effects model would be adopted; otherwise, the random-effects model would be employed. The descriptive analysis would be performed once clinical data cannot be meta-analyzed.



Patient and Public Involvement

The design or conduct of this meta-analysis did not involve the patient or the public.




RESULTS


Literature Screening and Characteristics of Included Studies

Six hundred and five studies containing 601 initially retrieved and 4 obtained through screening reference list of the included studies were identified. One hundred forty-eight duplicate articles were eliminated by EndNote software. Three hundred ninety-eight studies were abandoned after checking the title and abstract. Twenty-two studies were removed based on the full-text screen, and finally, 37 (5–41) studies with 5,591 participants were confirmed to meet the inclusion criteria. Patients mainly come from Europe, North America, and South America. More details are summarized in Table 1. The literature selection process is shown in Figure 1.


Table 1. Characteristics of included studies.
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FIGURE 1. Flow diagram showing the study selection process.




Methodological Quality

Tables 2, 3 showed the details of the quality evaluation of all included studies.


Table 2. Assessment of quality of included retrospective studies.
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Table 3. Assessment of quality of included prospective studies.
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Outcomes


GTR

Eighteen studies analyzed the GTR between ETS and MTS for pituitary adenoma. No significant difference was observed in GTR between two groups [RR = 1.10, 95% CI (0.99–1.22), P = 0.07; Figure 2].


[image: Figure 2]
FIGURE 2. Effect of ETS on GTR, compared with MTS.




HES Remission

Twelve studies analyzed the HES remission between ETS and MTS for pituitary adenoma. Results indicated that there was no significant difference in HES remission between two groups [RR = 1.09, 95% CI: (1.00–1.20), P = 0.05; Figure 3].


[image: Figure 3]
FIGURE 3. Effect of ETS on HES remission, compared with MTS.




Overall Complication

Ten studies investigated the overall complication between ETS and MTS for pituitary adenoma. Results demonstrated that there was no significant difference in overall complication between ETS group and MTS group [RR = 0.76, 95% CI: (0.51–1.33), P = 0.18, Figure 4].


[image: Figure 4]
FIGURE 4. Effect of ETS on overall complication, compared with MTS.




Cerebrospinal Fluid Leak

Thirty-two studies analyzed the CSF leak of ETS and MTS for pituitary adenoma. There was no significant difference was observed regarding on incidence of CSF leak between ETS group and MTS group [RR = 0.99, 95% CI: (0.83–1.18), P = 0.05] (Figure 5).


[image: Figure 5]
FIGURE 5. Effect of ETS on cerebrospinal fluid (CSF), leak MTS.




Diabetes Insipidus

Twenty-five studies analyzed the DI of ETS and MTS for pituitary adenoma. For DI, ETS group related to a significantly lower rate in comparison to MTS group [RR = 0.71, 95% CI: (0.58–0.87), P = 0.0008, Figure 6).


[image: Figure 6]
FIGURE 6. Effect of ETS on diabetes insipidus (DI), compared with MTS.




Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIAHD)

Five studies analyzed the SIAHD of ETS and MTS for pituitary adenoma. No significant difference was observed in SIAHD between two groups [RR = 106, 95% CI: (0.73–1.55), P = 0.75; Figure 7].


[image: Figure 7]
FIGURE 7. Effect of ETS on SIAHD, compared with MTS.




Septal Perforation

Six studies analyzed the septal perforation of ETS and MTS for pituitary adenoma. ETS group showed a significantly lower rate in comparison to MTS group [RR = 0.32, 95% CI: (0.13–0.79), P = 0.01; Figure 8].


[image: Figure 8]
FIGURE 8. Effect of ETS on septal perforation, compared with MTS.




Hypothyroidism

Ten studies analyzed the hypothyroidism of ETS and MTS for the treatment of pituitary adenoma. The results showed that the hypothyroidism in the ETS group was significantly lower than that in the MTS group [RR = 0.64, 95% CI: (0.47–0.89), P = 0.007; Figure 9].


[image: Figure 9]
FIGURE 9. Effect of ETS on hypothyroidism, compared with MTS.




Visual Improvement

Six studies investigated the visual improvement of ETS and MTS for the treatment of pituitary adenoma. No significant difference was observed in visual improvement between two groups [RR = 1.06, 95% CI: (0.92–1.22), P = 0.40, Figure 10].


[image: Figure 10]
FIGURE 10. Effect of ETS on visual improvement, compared with MTS.




Visual Loss

Ten studies analyzed the visual loss of ETS and MTS for the treatment of pituitary adenoma. No significant difference was observed in visual loss between two groups [RR = 0.92, 95% CI: (0.51–1.65), P = 0.77; Figure 11].


[image: Figure 11]
FIGURE 11. Effect of ETS on visual loss, compared with MTS.




Epistaxis

Seven studies analyzed the epistaxis of ETS and MTS for the treatment of pituitary adenoma. Results indicated that no significant difference was observed in epistaxis between two groups [RR = 1.24, 95% CI: (0.70–2.19), P = 0.46; Figure 12].


[image: Figure 12]
FIGURE 12. Effect of ETS on epistaxis, compared with MTS.




Meningitis

Twelve studies analyzed the meningitis of ETS and MTS for the treatment of pituitary adenoma. Results indicated that no significant difference was observed in meningitis between two groups [RR = 1.26, 95% CI: (0.73–2.17), P = 0.40; Figure 13].


[image: Figure 13]
FIGURE 13. Effect of ETS on meningitis, compared with MTS.




Publication Bias

The funnel plot results showed there is no publication bias (Supplementary Materials).





DISCUSSION

At present, the standard surgical method for pituitary adenomas is ETS or MTS. However, it is still controversy concerning the short-term effects of these two surgical methods.

This meta-analysis included a total of 37 controlled studies to study the efficacy and safety of ETS and MTS for the treatment of pituitary adenomas. Main outcomes included: 1. clinical efficacy: no significant difference was observed concerning GTR, HES remission, and visual improvement between two surgical treatments; 2. clinical safety: ETS could decrease the incidence of diabetes DI, hypothyroidism as well as septal perforation. However, no significant difference was observed regarding CSF leak, epistaxis, meningitis, overall complication, visual loss, and SIADH between the two methods.

Although the two methods do not show significant differences in GTR, ETS has its unique advantages in relatively tricky operations. The application of angled endoscopy, with a large range of movement, could ensure the removal of tumors which cannot be realized through the traditional transsphenoidal approach (4, 42). Secondly, due to the flexibility, the ETS can be inserted into the resected tumor cavity to explore residual tumors, which means that intraoperative MRI would be unnecessary in these cases (43). Besides, for large tumors possibly accompanied by CSF leakage, the panoramic field of the endoscope has its advantage (44–46).

Various factors could influence postoperative vision recovery, such as the age of onset, the degree of preoperative visual field defect, and the size of the tumor. The vision of most patients could be improved after surgery. However, no evidence demonstrated that the selection of surgical methods can affect the recovery of patients' postoperative vision. Our outcomes also indicated a similar conclusion.

For most patients, the postoperative DI is transient. Only a few patients will progress to permanent DI. Besides, the surgical precision has an impact on the occurrence of DI (14, 47). The reduced incidence of DI of ETS may benefit from the fact that endoscopy can ensure relatively good vision during the operation.

CSF leak is considered a common postoperative complication. The lower rate of postoperative CSF leak in patients treated by ETS has been reported (48, 49) which is possibly associated with the following facts: First, endoscopy can detect the lesion tissue and its surrounding structures. Second, the blind corners under microscopy could be observed through different angles of the endoscope. However, our results indicated that no significant difference was observed concerning the rate of postoperative CSF leak between two surgical treatments. Three potential reasons were: 1. the included studies are all observational studies with a relatively low level of evidence-based. 2. The sample size is not large. 3. The rate of CSF leak is not significantly influenced by surgical methods. A large number of high-quality randomized controlled studies were necessary for further confirmation.

Septal perforation is a common postoperative complication for patients treated by MTS due to the use of a retractor during the intraoperative procedure. ETS hardly damages septum nasi because it is unnecessary to adopt a retractor and the approach is the natural passage of the human body (50).

The present analysis has several limitations. First, there were no RCTs in the meta-analysis. Second, most of the included studies did not describe the evaluation method of the GTR in detail. Third, it is impossible to evaluate the relationship of the postoperative results and the classification of pituitary adenomas because no subgroup analysis was conducted according to the classification of pituitary adenomas in major studies included.



CONCLUSION

This meta-analysis found that endoscopic transsphenoidal surgery cannot significantly decrease GTR and HES remission, but it could decrease the rate of DI, hypothyroidism, and septal perforation without increasing the rate of other complications.
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