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Objective: To determine risk factors and management for the development of a postoperative cerebrospinal fluid (CSF) leak after an endoscopic endonasal surgery (EES) for pituitary adenomas.



Methods: The clinical data of 400 patients who underwent EES for resection of pituitary adenomas from December 2018 to November 2019 in the Department of Neurosurgery of Beijing Tiantan Hospital were retrospectively reviewed. Age, gender, body mass index (BMI), tumor size, Knosp grade, suprasellar extension grade, sellar floor erosion grade, repeated transsphenoidal surgery, intraoperative CSF leak, use of pedicled nasoseptal flap and lumbar drain were collected and analyzed.



Results: Postoperative CSF leak occurred in 14 of 400 patients (3.5%). Age, gender, BMI, tumor size, Knosp grade and repeated transsphenoidal surgery were not risk factors for CSF leak. Suprasellar extension grade (≥B 6.0% vs. <B 1.4%; p = 0.024), sellar floor erosion grade (≥III 5.7% vs. <III 0.6%; p = 0.020) and intraoperative CSF leak (Yes 7.5% vs. No 2.0%; p = 0.009) were factors associated with an increased postoperative CSF leak rate.



Conclusions: Higher suprasellar extension grade, higher sellar floor erosion grade and intraoperative CSF leak were risk factors for postoperative CSF leak after endoscopic treatment of pituitary adenoma. Strict skull base reconstruction including use of a pedicled nasoseptal flap and perioperative lumbar drainage may avoid postoperative CSF leak.
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Introduction

Pituitary adenoma (PA) is one of the common primary neoplasms of the central nervous system. It makes up approximately 10%–15% of all intracranial tumors (1, 2). Endoscopic endonasal surgery (EES) has become the best way to remove pituitary adenomas, with the development of neuroendoscopy equipment and technology. Postoperative cerebrospinal fluid (CSF) leak is the most important complication of EES. Postoperative CSF leak can increase the risk of intracranial infection, hospitalization time and costs (3). It is important to determine risk factors and management for the development of a postoperative CSF leak after the EES for resection of pituitary adenomas. According to previous studies, potential risk factors for CSF leak after EES include tumor size, body mass index (BMI), multiple EES and vascularized nasoseptal flap (4–6). However, there are many potential risk factors such as Knosp grade, suprasellar extension grade, sellar floor erosion grade and intraoperative CSF leak. These potential risk factors are rarely reported.

The management to prevent CSF leak after EES of pituitary adenomas is gradually improving. In 2006, the use of a vascular pedicled flap from the nasal septum mucoperiosteum was introduced, which has significantly optimized the skull base reconstruction technique (7). It reduces the incidence of CSF leak in the postoperative period after endonasal skull base surgery, because vascularized flaps promote faster and more complete healing by restoring the local blood (8). In addition, perioperative LD reduced the rate of postoperative CSF leak (6).

In our study, we comprehensively analyzed the risk factors of CSF leak after EES for pituitary tumor surgery. Based on these risk factors, we initially formulated a scheme to prevent CSF leak after EES for the resection of pituitary tumors. These risk factors include age, gender, BMI, tumor size, Knosp grade, suprasellar extension grade, sellar floor erosion grade, lumbar drain, repeated transsphenoidal surgery and intraoperative CSF leak.



Materials and methods


Study design

To determine risk factors and management for the development of a postoperative cerebrospinal fluid (CSF) leak after an endoscopic endonasal surgery (EES) for pituitary adenomas.



Participants

Patients with pituitary adenoma who underwent EES between December 2018 and November 2019 in the Department of Neurosurgery of Beijing Tiantan Hospital affiliated to Capital Medical University were selected as the research subjects. All patients were treated by the same team, Neurosurgery Oncology 3 Ward. All patients' medical records and operative notes were reviewed in detail. All patients were followed up for at least 3 months.



Variables

Accurately recorded the following information about the patients: age, gender, body mass index (BMI), tumor size, Knosp grade, suprasellar extension grade, sellar floor erosion grade, repeated transsphenoidal surgery, intraoperative CSF leak, use of pedicled nasoseptal flap and lumbar drain. Postoperative CSF leak was defined as a definite CSF leak within one month after EES. Laboratory tests indicated that fluid from the nose contained cerebrospinal fluid components (a definite CSF leak).



Quantitative variables

Tumor size is represented by the longest distance of anteroposterior, transverse and vertical diameters. The determination of the Knosp grade of the cases is based on the 0-IV grade classification proposed by Professor Knosp (9) (Figure 1). Knosp grade can reflect parasellar extension of the tumor. The Hardy–Wilson classification (10) was used for the assessment of suprasellar extension grades and sellar floor erosion grades (Figures 2, 3). It is important to point out that since Hardy D and E grades reflect parasellar extension, we only used Hardy 0–C grades for the evaluation of suprasellar extension grade. The choice of a BMI of 24 kg/m2 as the cutoff for our analysis was based on the definition of overweight by the National Health, Family Planning Commission of the People's Republic of China. In this study, lumbar drain refers to the placement of a drainage tube before postoperative CSF leakage occurs. Lumbar drain is usually placed immediately after surgery or the day after surgery.


[image: Figure 1]
FIGURE 1
Knosp grades of patients. (A) Knosp 0, tumor is medial to medial tangent. (B) Knosp I, tumor extends to the space between the medial tangent and the intercarotid line. (C) Knosp II, tumor extends to the space between the intercarotid line and the lateral tangent. (D) Knosp III, tumor extends lateral to the lateral tangent. (E) Knosp IV, tumor with a complete encasement of intracavernous internal carotid artery.
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FIGURE 2
Suprasellar extension grades of patients. (A) Grade 0, no suprasellar extension. (B) Grade A, expanding into the suprasellar cistern. (C) Grade B, anterior recesses of the third ventricle obliterated. (D) Grade C, the floor of the third ventricle grossly displaced.
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FIGURE 3
Sellar floor erosion grades of patients. (A) Grade I, sella normal or focally expanded; tumor <10 mm. (B) Grade II, sella enlarged; tumor ≥ 10 mm. (C) Grade III, localized sellar perforation. (D) Grade IV, diffuse destruction of the sellar floor.




Statistical analysis

To measurement variables, independent t-tests were used to compare the two groups of patients with and without CSF leaks. Chi-square tests were used to categorical variables. All independent variables that showed a significant correlation with dependent variables were placed in a multiple logistic forward stepwise regression. Multivariate logistic regression for predictors of postoperative CSF leak was conducted finally. The analyses were performed using SPSS (version 25, IBM Corp., USA), and a p value <0.05 was considered statistically significant.




Results

A total of 421 pituitary adenoma patients who underwent EES were screened for inclusion in our study. 20 patients were excluded due to missing data and 1 patient was excluded for a serious complication (rupture of the left internal-carotid-artery during surgery). Finally, 400 patients were included for analysis. The clinical characteristics of patients are detailed in Table 1.


TABLE 1 Patient demographics.

[image: Table 1]

There were 191 female patients and 209 male patients. The average patient age at surgery was 48.5 years (11–82 years). The average patient BMI was 25.6 kg/m2 (17.2–42.5 kg/m2). Among those patients, 257 (64.25%) were overweight or obese (BMI ≥ 24), 143 (35.75%) of healthy weight (BMI < 24). There were 326 (81.5%) patients underwent EES for the first time and 74 (18.5%) patients underwent EES again.

Of the 400 patients enrolled for analysis, fourteen patients occurred postoperative CSF leak (3.5%). Figure 4 shows that the effect of risk factors on rate of postoperative CDF leak. There was no significant difference in age, gender, BMI, Knosp grade, repeated EES and use of pedicled nasoseptal flap between those with and without postoperative CSF leaks according univariate analysis (Table 1). Although there was no statistically significant difference, patients with postoperative CSF leakage had larger tumor sizes than those without postoperative leakage (Anteroposterior diameter 28.6 ± 15.8 mm vs. 23.0 ± 10.2 mm; p = 0.204) (Transverse diameter 29.6 ± 12.9 mm vs. 22.8 ± 9.8 mm; p = 0.071) (Vertical diameter 29.1 ± 12.9 mm vs. 24.0 ± 11.8 mm; p = 0.119).


[image: Figure 4]
FIGURE 4
Effect of risk factors on rate of postoperative CSF leak.


There were 107 patients with CSF leakage during the operation. Patients with intraoperative CSF lake were more likely to develop postoperative CSF lake (with intraoperative CSF lake 7.5% [8/107] vs. without intraoperative CSF lake 2.0% [6/293]; p = 0.009).

Patients with higher grades of suprasellar extension (p = 0.015) and sellar floor erosion (p = 0.042) were more likely to develop postoperative CSF leak (Tables 1, 2). Patients with suprasellar extension grades B and C had a significantly higher leakage rate than those with less than B grades (6.0% [11/182] vs. 1.4% [3/218]; p = 0.024). Patients with sellar floor erosion grades III and IV had a significantly higher leakage rate than those with less than III grades (5.7% [9/159] vs. 0.6% [1/167]; p = 0.020). Patients with Knosp less than grade 3 appeared to have a lower rate of CSF leak, but this was not statistically significant (≥III 4.7% [8/170] vs. <III 2.6% [6/230]; p = 0.259) (Table 3).


TABLE 2 Sellar floor erosion grades of patients.
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TABLE 3 Univariate analysis for predictors of postoperative CSF leak.
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In 57 of 400 patients, pedicled nasoseptal flap was used for skull base reconstruction. Of these 57 patients, 4 (7.0%) patients developed postoperative CSF leakage. Leakage rates were relatively low in patients who did not use a nasoseptal flap (2.9% [10/343]). But there is no statistically significant difference (p = 0.119).

A total of 41 patients had a lumbar drain placed after operation (10.3%). Patients who underwent postoperative lumbar drain had a higher rate of CSF leakage compared with did not underwent postoperative lumbar drain (17.1% [7/41] vs. 1.9% [7/359]; p < 0.0001).

Multiple logistic regression analysis showed that intraoperative CSF leak and high grade of suprasellar extension were significantly associated with postoperative CSF leak (p < 0.05). Patients with intraoperative CSF leak were 3.75 times more likely to have a CSF lake when compared with those without intraoperative CSF leak. Patients with a suprasellar extension grade ≥ B were 4.29 times more likely to have a postoperative CSF leak when compared with those with a suprasellar extension grade < B (Table 4).


TABLE 4 Multivariate logistic regression for predictors of postoperative CSF leak.
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Discussion

EES is the preferred first-line treatment for pituitary adenomas as skull base tumors. CSF leak is one of the most common postoperative complications after EES for pituitary adenomas. According to literature reports, the incidence of CSF leak after EES for pituitary adenomas ranges from 2.6% to 12.1% (4, 11–17). In the current study, 3.5% of patients with pituitary adenomas developed cerebrospinal fluid leakage after EES. Similar to other studies (4, 13), there was no statistically significant difference in age, gender, and Knosp grade between those with and without postoperative CSF leaks in the present study.

It is reported that increased intracranial pressure in overweight and obese patients can place additional strain on skull base reconstruction, leading to increase the risk of postoperative CSF leak (4). It is proved that BMI can be a risk factor for postoperative CSF leak in EES for pituitary adenomas (5). But based on our data, there was no statistically significant difference in BMI between those with and without postoperative CSF leaks. The reason for this difference may be racial differences. The BMI of Asians is generally lower than that of Europeans and Americans. The difference in BMI may have little effect between the two groups of patients with and without CSF leak.

Consistent with reports in the literature (13, 18), our study showed that intraoperative CSF leak increases postoperative CSF leak rate. In this study, 107 (26.8%) patients developed intraoperative CSF leak. Eight patients with intraoperative CSF leak eventually developed postoperative CSF leak. In our experience, we perform rigorous skull base reconstruction and lumbar drainage in patients with intraoperative CSF leakage. Even so, these patients had a relatively high risk of postoperative CSF leak. Of these 8 patients with postoperative CSF leak, 5 patients underwent postoperative lumbar drainage, and 4 patients used nasoseptal flaps in skull base reconstruction. Intraoperative CSF leakage, especially high-flow leakage, can increase the difficulty of skull base reconstruction and increase the risk of postoperative CSF leak. Univariate and multivariate statistical analysis showed that intraoperative CSF leak can be used as a risk factor for postoperative CSF leak in this study.

Intraoperative CSF leak flow strongly affects postoperative CSF leak rate, as reported by Di Perna et al (19). High flow CSF leak (IHFL) was defined as large dural defect and basal cisterns or ventricular opening, while small dural defect and moderate CSF leak defined the low flow leak (ILFL) (20). In the study of Perna et al, Postoperative CSF leak rate, resulted higher in the IHFL group (25.5%) than in the ILFL group (10.5%) (19). In addition, the flow of intraoperative CSF leak determines different reconstruction strategies. Research has shown that, mucosal flap and inlay for high flow intraoperative CSF leak improved the postoperative CSF leak rate (21). Unfortunately, the intraoperative CSF leak flow was not recorded in our surgical records.

For the first time, we introduced the effect of suprasellar extension grades and sellar floor erosion grades on CSF leak after EES. The Hardy–Wilson classification was used for the assessment of suprasellar extension grades and sellar floor erosion grades (Figures 2, 3). Based on our data, suprasellar extension grades and sellar floor erosion grades can be used as risk factors for postoperative CSF leak after EES. Patients with higher grades of suprasellar extension and sellar floor erosion were more likely to develop postoperative CSF leak (Tables 1, 2). Patients with a higher grade of suprasellar invasion, especially those with tumor expansion into the ventricular system, have an increased risk of intraoperative CSF leakage, resulting in a relatively increased incidence of postoperative CSF leakage. Patients with a higher level of sellar floor erosion have an increased degree of dura destruction and increase difficulty in skull base reconstruction, thereby increasing the incidence of postoperative cerebrospinal fluid leakage.

With advances in the development of vascularized flaps in EES, pedicled nasoseptal flaps have been increasingly employed for skull base reconstruction. A systematic review found that vascularized flaps were associated with a lower rate of postoperative CSF leaks (22). Especially in the case of high-flow intraoperative CSF leakage, the pedicled vascularized flap has a more significant effect. In our study, although there was no statistically significant difference, use of a pedicled nasoseptal flap was associated with a higher rate of postoperative CSF leak. This association may be due to selection bias. As mentioned earlier, the vascularized flap plays an important role in reducing the incidence of postoperative CSF leakage. Currently, in our group, we routinely use pedicled nasoseptal flaps for skull base reconstruction in patients with a high risk of postoperative CSF leakage.

Lumbar drainage is often used in the perioperative period to reduce intracranial pressure and prevent postoperative CSF leaks following EES for skull base lesions (23, 24). A prospective, randomized controlled trial confirmed that perioperative lumbar drainage reduced the rate of postoperative CSF leaks after EES (6). Our study indicates that patients who underwent postoperative lumbar drain had a higher rate of CSF leakage compared with did not underwent postoperative lumbar drain. This situation is the same as the intraoperative pedicled nasoseptal flaps, which is caused by selection bias. In our study, lumbar drainage was typically placed in patients with high risk of postoperative CSF leakage. Therefore, the results of statistical analysis showed that patients with lumbar drainage were more prone to CSF leakage.

Free tissue grafts, vascularized flaps, gasket sealing and lumbar drains are most commonly used to prevent postoperative CSF leaks (25). Based on our data and the surgical experience of our team, for patients with high risk of postoperative CSF leakage, rigorous skull base reconstruction and perioperative lumbar drainage are beneficial to reduce the occurrence of postoperative CSF leakage. Rigorous skull base reconstruction includes various combinations of biomaterials, free tissue grafts (fat grafts and fascia lata grafts) and vascularized regional flaps. Figure 5 shows a rigorous skull base reconstruction procedure in a patient with high-risk postoperative CSF leak.
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FIGURE 5
Rigorous skull base reconstruction procedure. (A,B) A pedicled nasoseptal flap was prepared in advance. (C) The tumor eroded the dura mater and protruded into the sphenoid sinus. (D) The tumor is removed in steps. (E,F) Pituitary adenoma has been completely removed and intraoperative CSF leakage occurred. (G) The fat graft was placed. (H) The fascia lata graft was placed. (I) The pedicled nasoseptal flap was placed over the fascia lata graft.




Conclusions

Higher suprasellar extension grade, higher sellar floor erosion grade and intraoperative CSF leak were risk factors for postoperative CSF leak after endoscopic treatment of pituitary adenoma. Rigorous skull base reconstruction including use of a pedicled nasoseptal flap and perioperative lumbar drainage may avoid postoperative CSF leak.



Limitation

This study is a retrospective study, and there is obvious selection bias in the two risk factors of nasoseptal flap and lumbar drainage. These two risk factors require further prospective studies to clarify their impact on postoperative CSF leakage. In addition, to avoid the impact of surgeons' experience on the study due to years of operation, we only counted cases for one year. Therefore, the number of cases is relatively small. Finally, factors such as reconstruction technique, intraoperative CSF leak flow, and history of previous radiation treatment were not accounted for in our analysis.
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