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Abstract 

Purpose: To evaluate risk factors for intraoperative and/or postoperative cerebrospinal fluid (CSF) leak 

following endoscopic transsphenoidal surgery in patients with pituitary adenomas. 

Methods: A retrospective cohort study of 219 pituitary adenomas submitted to transsphenoidal endoscopic 

surgery (2007 – 2017) at the Centro Hospitalar São João was performed. Age, sex, body mass index, smoking 

status, diabetes mellitus, hypertension, dyslipidemia, chronic obstructive pulmonary disease, asthma, 

obstructive sleep apnea syndrome (OSAS), tumor size and type, prior transsphenoidal surgery or radiotherapy 

were collected by clinical documentation analysis and phone interview. An univariate statistical analysis was 

performed to evaluate the association of risk factors with the occurrence of CSF leaks. 

Results: 201 patients were included in the study (18 excluded due to insufficient data).  The prevalence of 

intra and postoperative CSF leaks was 14.9% (30/201) e 5.0% (10/201), respectively. There was a statistically 

significant association between the appearance of intraoperative CSF leaks and the following risk factors: 

tumor size (19.9% macroadenomas, p=0.001) and tumor type (26.3% growth hormone (GH) secreting 

adenomas, p=0.009). Despite being non-statistically significant, intraoperative CSF leaks occurred with more 

frequency on patients with hypertension, asthma and OSAS. The risk of postoperative CSF leaks was 

significantly associated with the previous occurrence of intraoperative CSF leak (p<0.001) and they also 

appeared with more frequency on patients with asthma, OSAS and on GH-secreting tumors; every 

postoperative CSF leak occurred on macroadenomas.  

Conclusion: Knowledge of patient’s risk factors is an important tool in the preoperative assessment, 

especially given the risk arising from CSF leaks (meningitis). 
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Introduction 

Pituitary adenomas are benign intracranial neoplasms. They represent approximately 16% of all central 

nervous system tumors [1]. The gold-standard treatment is surgical, except for prolactinomas (tumors 

producing prolactin) in which the treatment in the majority of cases is based on pharmacological therapy 

(dopaminergic agonists) [2]. 

Over the years various surgical techniques have emerged. Transsphenoidal surgery, first described in 1906 by 

Schloffer, is currently the standard treatment [3]. The transsphenoidal endoscopic variant has gained 

relevance and popularity in recent years over the microsurgical technique as a minimally invasive technique. 

It demonstrated lower complication rates, shorter hospitalizations and better overall results [4-6]. However, 

despite improvements in this field, both techniques are associated with potentially serious surgical 

complications, such as cerebrospinal fluid (CSF) leak, which increase the likelihood of meningitis in these 

patients [7]. 

The current literature describes an occurrence of intraoperative CSF leaks between 18.1% and 53.2% [8] and 

postoperative CSF leaks between 1.4% and 16.9%, [7] being one of the most frequent surgical complications. 

Its occurrence often leads to longer hospitalizations, re-hospitalizations, and re-operations that imply higher 

costs for the health system [8]. 

Since most of the postoperative CSF leaks arise following the occurrence of intraoperative CSF leaks, it is of 

particular interest to evaluate the preoperative risk factors of both complications [9]. It was chosen to evaluate 

the relationship between the occurrence of intraoperative and postoperative CSF leaks and demographic data, 

habits and comorbidities, characteristics of the tumor and a preventive/treatment measure (use of lumbar 

drainage). 

Based on current literature, several studies have shown a significant association between a high body mass 

index (BMI) at the time of surgery and the occurrence of intra and postoperative CSF leaks. Increased intra-

abdominal pressure leading to an increased intracranial pressure (ICP) was one of the main reasons reported 

in these patients [10,11]. In view of this hypothesis, it is sought to associate other comorbidities with an 

increased intra-abdominal pressure, namely obstructive pulmonary diseases such as asthma and chronic 

obstructive pulmonary disease (COPD) to the occurrence of CSF leaks. Furthermore, obstructive sleep apnea 

syndrome (OSAS) could also increase CSF leaks caused by the nocturnal hypoxia that these patients presents 

that lead to episodic increases in ICP [12]. 

The objective of this study was to evaluate risk factors for intra and postoperative CSF leaks after endoscopic 

transsphenoidal surgery in patients with pituitary adenomas. Another purpose was to describe some of the 

preventive and treatment measures used in the studied population. 
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Methods 

Population 

A retrospective cohort analysis of 219 patients with pituitary adenoma undergoing an endoscopic 

transsphenoidal surgery (ETS) between January 2007 and December 2017 in Centro Hospitalar São João was 

performed. Demographic data, patient’s comorbidities, tumor features and perioperative data were collected 

through computerized clinical documentation. All available patients with missing values were called by phone 

interview. The study and its objectives were summarized to the patient via telephone and explicit consent was 

obtained if patients accepted to answer the questions. The inclusion criteria included having a follow-up of at 

least six months and a completed purely endoscopic endonasal transsphenoidal surgery. The exclusion criteria 

were patients under 18 years and incomplete data without contact available or unanswered telephone attempts. 

At the end, 201 patients were included and 18 patients were excluded due to insufficient data. 

The variables studied included patient age, sex, BMI at the surgery’s time (kg/m2), smoking, diabetes mellitus 

(DM), hypertension, dyslipidemia, COPD, asthma, OSAS, tumor size, tumor type, prior transsphenoidal 

surgery, history of previous radiotherapy (RT), use of lumbar drainage perioperatively. The tumor size was 

classified in microadenoma (<10 mm) and macroadenoma (>10 mm) according to the maximum tumor 

diameter on magnetic resonance imaging. The tumor type according to the secreted hormones was classified 

into five categories: null cell, growth hormone (GH)–producing, adrenocorticotropic hormone (ACTH)–

producing, gonadotropin [follicle-stimulating hormone (FSH) and luteinizing hormone (LH)] –secreting and 

others adenomas (including prolactin–producing, thyroid-stimulating hormone (TSH)–producing and 

plurihormonal adenomas). Prolactinomas were only submitted to surgery after failure of the pharmacological 

treatment. 

The primary outcome was the occurrence of intraoperative and postoperative CSF leak. The intraoperative 

CSF fluid leak was evaluated during the surgery by the neurosurgeon and was recorded in the surgery report. 

The postoperative CSF fluid leak was defined as a clinical evidence of CSF rhinorrhea during 30 days after 

the procedure.  

Surgical technique 

The surgeries were performed by the same team of two surgeons. The technique described below is the 

standard used actually by neurosurgeons at Centro Hospitalar São João. This has undergone some changes in 

the last 10 years mainly regarding the materials used in the reconstruction of the local anatomy.  

1. Endoscopic access until the sphenoidal sinuses through unilateral nostril. 

2. Lateral deviation of the middle turbinate. 

3. Opening of the sphenoid rostrum. 

4. Coagulation and removal of the sphenoid sinus mucosa. 

5. Identification of the sellae turcica and opening of the bony floor with subsequent enlargement. 

6. Coagulation and incision of the sellar dura. 

7. Removal of the tumor by fragments and submission for definitive examination to pathologic 

anatomy. 

8. Reconstruction of the local anatomy - reconstitution of the sellar floor. 

9. Repositioning of the middle turbinate near the nasal septum. (In some ancient cases, at the end, a 

Foley catheter balloon was inflated) 

Patients with evidence of intraoperative CSF fluid leak must remain flat in bed during 5 days with lumbar 

drain placed in the operating room at the end of the surgery in all cases. 
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Statistical analysis 

Statistical analysis was carried out by using SPSS Statistics edition 24.0 (IBM Corp, Armonk, NY). 

Categorical variables are presented as frequency and percentage and continuous variables are presented as 

mean and standard deviation. Chi-square test and Fischer’s exact test was used for categorical variables and 

independent samples t-test for continuous variables. A P value of <0.05 was considered as a statistically 

significant difference.  

This study was approved by the ethical committee of the hospital. 
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Results 

As shown in Table 1, data was collected from 201 patients with a mean age of 51±15.7 years and a mean BMI 

of 28.9±4.8 kg/m2, classified as an overweight population. There were 46.8% male and 53.2% female 

patients. The study population was mostly non-smokers (82.1%). Regarding comorbidities, 23.9% had DM, 

48.8% had hypertension and 52.2% had dyslipidemia. Concerning pulmonary diseases, only 3.5% showed a 

diagnosis of COPD, 5.5% of asthma and 9.5% of OSAS. As for tumor characteristics, the majority were 

macroadenomas (72.6%) and nonfunctioning (38.3%). Among the others, 19.4% were ACTH-producers, 

18.9% were GH-producers, 11.9% produced sex hormones (FSH/LH) and the remaining (11.4%) included 17 

pluri-hormonal tumors, 2 TSH-producers and 4 prolactin-producing tumors. In total, 30 patients had 

recurrences and had undergone previous surgery. Only 1 patient had undergone radiotherapy previously. 

Intraoperative CSF leaks occurred in 30 patients, all of whom had external lumbar drainage placed at the end 

of surgery. Among these, only 7 CSF leaks were effective, i.e., loss of CSF was maintained postoperatively. 

Additionally, there were 3 cases of post-operative CSF leaks without evidence of prior intra-operative CSF 

leak. 

 

  



6 
 

TABLE 1. DEMOGRAPHIC DATA OF 201 PATIENTS 

Characteristic No. of cases (%) 

Age (years), mean (SD) 51.0 (15.7) 

Sex  

 Male 94 (46.8) 

 Female 107 (53.2) 

BMI (kg/m2), mean (SD) 28.9 (4.8) 

BMI by category  

 <25 

 25-29.99 

 ≥30  

43 (21.4) 

78 (38.8) 

80 (39.8) 

Smoking  

 No 

 Yes 

165 (82.1) 

36 (17.9) 

DM  

 No 

 Yes 

153 (76.1) 

48 (23.9) 

Hypertension  

 No 

 Yes 

103 (51.2) 

98 (48.8) 

Dyslipidemia  

 No 

 Yes 

96 (47.8) 

105 (52.2) 

COPD  

 No 

 Yes 

194 (96.5) 

7 (3.5) 

Asthma  

 No 

 Yes 

190 (94.5) 

11 (5.5) 

OSAS  

 No 

 Yes 

182 (90.5) 

19 (9.5) 

Tumor size  

 Microadenoma 

 Macroadenoma 

55 (27.4) 

146 (72.6) 

Tumor type  

 Null 

 GH 

 ACTH 

 FSH/LH 

 Others 

77 (38.3) 

38 (18.9) 

39 (19.4) 

24 (11.9) 

23 (11.4) 

Previous surgery  

 No 

 Yes 

171 (85.1) 

30 (14.9) 

Previous RT  

 No 

 Yes 

200 (99.5) 

1 (0.5) 

Intraoperative CSF leak  

 No 

 Yes 

171 (85.1) 

30 (14.9) 

Lumbar drainage  

 No 

 Yes 

170 (84.6) 

31 (15.4) 

Postoperative CSF leak  

 No 

 Yes 

191 (95.0) 

10 (5.0) 

Abbreviations: SD=standard deviation. 
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In Table 2, it is presented the characteristic of all patients with a postoperative CSF leak. Patients’ age varied 

between 32 and 69 years and 50% were male. All postoperative CSF leak were macroadenoma and the 

majority was GH-producing tumors. All patients with previous occurrence of intraoperative CSF leak had 

intraoperative lumbar drainage placement. The 3 postoperative CSF leaks without intraoperative CSF leak 

were diagnosed at day 2, day 10 and day 15 post surgery. Three patients with CSF leaks had meningitis (1 

only intraoperative, 1 intraoperative + postoperative, 1 only postoperative). One patient with postoperative 

CSF leak had sinusitis. Of the 10 postoperative CSF leaks, 1 resolved only with bed rest, 7 resolved with bed 

rest plus external lumbar drainage and 2 required further surgical interventions. 

 

TABLE 2. DESCRIPTION OF PATIENTS WITH POSTOPERATIVE CSF LEAK AND RESPECTIVE TREATMENTS/COMPLICATIONS 

Postoperative CSF Leak (n=10) 

ID Age Sex Type Size Intraop. events Complication(s) Postop. treatment 

1 57 M Null Macro None D15: Postop. CSF leak + 

Sinusitis 

RP 

2 62 M ACTH Macro Nonea D10: Postop. CSF leak + 

Meningitis 

RP + LD + 3 reop. 

3 44 M FSH/LH Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

4 46 M GH Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

5 59 F GH Macro Intraop. CSF leak; LD Postop. CSF leak;  

D1: Meningitis 

RP + LD + 1 reop. 

6 69 F Null Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

7 39 M GH Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

8 32 F GH Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

9 52 F GH Macro Intraop. CSF leak; LD Postop. CSF leak RP + LD 

10 43 F Null Macro None D2: Postop. CSF leak RP + LD 

aThe suprasellar portion of the adenoma was densely adherent to the sellar diaphragm.  

Abbreviations: n=sample size; ID=identification; Intraop. =intraoperative; Postop. =postoperative; M=male; F=female; 

LD=lumbar drainage; D=postoperative day; RP=reclined position; reop. =reoperation. 

 

Intraoperative CSF leak 

30 (14.9%) intraoperative CSF leaks were verified. The variables associated with the occurrence of 

intraoperative CSF leak were tumor size and tumor type. Being a macroadenoma (19.9%, p=0.001) was a 

highly predictive factor of developing an intraoperative CSF leak. The tumor type significantly affected 

intraoperative CSF leak rates. Namely, 26.3% of GH-producing tumors leaked, whilst 20.8% of non-

functioning tumors leaked, 8.3% of FSH/LH-producing tumors leaked, 2.6% of ACTH-producing tumors 

leaked and 4.3% of the others (which include prolactin–producing, TSH–producing and plurihormonal 

adenomas). The remaining variables did not show a statistically significant association (Table 3). 
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TABLE 3. UNIVARIATE ANALYSIS OF PATIENT CHARACTERISTICS ASSOCIATED WITH INTRAOPERATIVE CSF LEAK 

  

Intraoperative CSF leak 

No, n (%) Yes, n (%) P Value 

Age (years), mean (SD) 51 (16) 50.4 (13) 0.827 

Sex    

 Male 

 Female 

78 (83.0) 16 (17.0) 0.552 

93 (86.9) 14 (13.1)  

BMI (kg/m2), mean (SD) 29.0 (4.8) 28.5 (4.5) 0.665 

BMI by category    

 <25 35 (81.4) 8 (18.6) 0.691 

 25 – 29.99 68 (87.2) 10 (12.8)  

 ≥30 68 (85) 12 (15)  

Smoking    

 No 140 (84.8) 25 (15.2) 0.999 

 Yes 31 (86.1) 5 (13.9)  

DM    

 No 127 (83.0) 26 (17.0) 0.169 

 Yes 44 (91.7) 4 (8.3)  

Hypertension    

 No 90 (87.4) 13 (12.6) 0.429 

 Yes 81 (82.7) 17 (17.3)  

Dyslipidemia    

 No 80 (83.3) 16 (16.7) 0.556 

 Yes 91 (86.7) 14 (13.3)  

COPD    

 No 165 (85.1) 29 (14.9) 0.719 

 Yes 6 (85.7) 1 (14.3)  

Asthma    

 No 162 (85.3) 28 (14.7) 0.51 

 Yes 9 (81.8) 2 (18.2)  

OSAS    

 No 157 (86.3) 25 (13.7) 0.132 

 Yes 14 (73.7) 5 (26.3)  

Tumor size    

 Microadenoma 54 (98.2) 1 (1.8) 0.001 

 Macroadenoma 117 (80.1) 29 (19.9)  

Tumor type    

 Null 61 (79.2) 16 (20.8) 0.009 

 GH 28 (73.7) 10 (26.3)  

 ACTH 38 (97.4) 1 (2.6)  

 FSH/LH 22 (91.7) 2 (8.3)  

 Others 22 (95.7) 1 (4.3)  

Previous surgery    

 No 146 (85.4) 25 (14.6) 0.476 

 Yes 25 (83.3) 5 (16.6)  

Previous RT    

 No 171 (85.5) 29 (14.5) 0.149 

 Yes 0 (0) 1 (100)  

Significant p values are in bold. 

Abbreviations: n=sample size; SD=standard deviation. 
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Postoperative CSF leak 

10 (5.0%) postoperative CSF leaks were verified. Occurrence of an intraoperative CSF leak (23.3% vs 1.8%, 

p<0.001), the consequent lumbar drainage placement at the end of the surgery (22.6% vs 1.8%, p<0.001) and 

no dyslipidemia (9.4% vs 1.0%, p=0.007) were reported as statistically significant predictors. The remaining 

variables did not show a statistically significant association (Table 4). 

 

TABLE 4. UNIVARIATE ANALYSIS OF PATIENT CHARACTERISTICS ASSOCIATED WITH POSTOPERATIVE CSF LEAK 

  

Postoperative CSF leak 

No, n (%) Yes, n (%) P Value 

Age (years), mean (SD) 51 (16) 50 (11) 0.894 

Sex    

 Male 

 Female 

89 (94.7) 5 (5.3) 0.990 

102 (95.3) 5 (4.7)  

BMI (kg/m2), mean (SD) 28.9 (4.8) 28.4 (3.3) 0.745 

BMI by category    

 <25 41 (95.3) 2 (4.7) 0.844 

 25 – 29.99 73 (93.6) 5 (6.4)  

 ≥30 77 (96.2) 3 (3.8)  

Smoking    

 No 156 (94.5) 9 (5.5) 0.694 

 Yes 35 (97.2) 1 (2.8)  

DM    

 No 145 (94.8) 8 (5.2) 0.999 

 Yes 46 (95.8) 2 (4.2)  

Hypertension    

 No 97 (94.2) 6 (5.8) 0.748 

 Yes 94 (95.9) 4 (4.1)  

Dyslipidemia    

 No 87 (90.6) 9 (9.4) 0.007 

 Yes 104 (99.0) 1 (1.0)  

COPD    

 No 184 (94.8) 10 (5.2) 0.999 

 Yes 7 (100) 0 (0)  

Asthma    

 No 181 (95.3) 9 (4.7) 0.438 

 Yes 10 (90.9) 1 (9.1)  

OSAS    

 No 174 (95.6) 8 (4.4) 0.241 

 Yes 17 (89.5) 2 (10.5)  

Tumor size    

 Microadenoma 55 (100) 0 (0) 0.065 

 Macroadenoma 136 (93.2) 10 (6.8)  

Significant p values are in bold. 

Abbreviations: n=sample size; SD=standard deviation. 
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TABLE 4. CONTINUED 

  

Postoperative CSF leak 

No, n (%) Yes, n (%) P Value 

Tumor types    

 Null 74 (96.1) 3 (3.9) 0.183 

 GH 33 (86.8) 5 (13.2)  

 ACTH 38 (97.4) 1 (2.6)  

 FSH/LH 23 (95.8) 1 (4.2)  

 Others 23 (100) 0 (0)  

Previous surgery    

 No 162 (94.7) 9 (5.3) 0.999 

 Yes 29 (96.7) 1 (3.3)  

Previous RT    

 No 190 (95.0) 10 (5.0) 0.999 

 Yes 1 (100) 0 (0)  

Intraoperative CSF leak    

 No 168 (98.2) 3 (1.8) <0.001 

 Yes 23 (76.7) 7 (23.3)  

Lumbar drainage    

 No 167 (98.2) 3 (1.8) <0.001 

 Yes 24 (77.4) 7 (22.6)  

Significant p values are in bold. 

Abbreviations: n=sample size; SD=standard deviation. 
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Discussion 

Cerebrospinal fluid leaks continue to be a potentially life-threatening complication of skull base surgery 

despite all the technological advances. Currently, risk factors for intraoperative and postoperative CSF leaks 

are still poorly defined.  The reason is mainly due to a wide variety of studies on the subject with disparate 

results. This study adds the reality of Centro Hospitalar São João, a Portuguese tertiary health care center, in 

this panorama. 

Concerning the incidence of CSF leak on the studied population, there were 14.9% of intraoperative CSF 

leaks, being just slightly below the range of percentages described in the literature (18.1-53.2%) [8]. Increased 

incidences of intraoperative CSF leaks are more correlated with aggressive tumor resections by surgeons, 

attempting complete resection, than with the type of surgical technique used (microscopic VS endoscopic) 

[13]. The rate of postoperative CSF leaks was 5.0%, which coincides with that reported in other studies (1.4-

16.9%) [7]. These rates are institution-specific and team surgeon-specific. 

After analyzing the data, the variables with statistically significant association with occurrence of 

intraoperative CSF leaks were the tumor size and the tumor type. 

The fact that macroadenomas increase the risk of intraoperative CSF leak is already a known association in 

the literature. Several studies [3,14-16] associate them with an increased risk of intra and postoperative CSF 

leaks. It should be noted that, although the association between postoperative CSF leak and macroadenomas 

were not statistically significant, 100% of the postoperative CSF leak were macroadenomas (p=0.065). These 

tumors are larger and have a tendency to extend beyond the normal position of the gland, therefore more 

invasive surgeries are required [17]. Consequently, the surgeon had to work closer to the sellar diaphragm to 

remove the maximum of tumor mass [3]. On the other hand, the expansion of the tumor itself may weaken the 

sellar diaphragm, leading to its protrusion through the open bony floor and thus exposing the arachnoid 

membrane [18]. One study [19] concluded that each 1 mm increase in tumor size, the odds of having an 

intraoperative CSF leak increased 3%.  

It has also been shown that the type of hormone secreted by the tumor increases the risk of CSF leaks. GH-

producing adenomas increased the occurrence of both intraoperative and postoperative CSF leaks, although 

the latter was not statistically significant. In this particular case, it has been revealed that tumor size and tumor 

type are intrinsically interconnected characteristics. In this sample, the majority of GH-producing tumors 

(65.8%) and non-functioning tumors (94.8%) were macroadenomas, in contrast to ACTH-producing tumors 

that were mostly microadenomas (82,1%, p<0.001). A previous study [20] also found an increase of 

intraoperative CSF leaks in GH-producing adenomas, hypothesizing the possibility of excess growth hormone 

altering the properties of the sellar diaphragm. Another study [21] underline the fact that the surgical 

technique used in functioning adenomas tend to be more aggressive to attempt a curative resection.  

Regarding the risk factors that had increased the occurrence of postoperative CSF leaks in this study. 

Intraoperative CSF leak leading to an increased risk of this postoperative complication is a well-established 

association. Some studies even say that it is one of the most predictive factors of its occurrence [16]. The 

incidence of postoperative CSF leak is estimated to be 6-fold higher in patients having a CSF leak 

intraoperatively [8]. In fact, as found in the 3 patients of this sample, the occurrence of postoperative leak 

without intraoperative leak is possible although it is uncommon, occurring mostly in cases of macroadenomas 

that extensively deform the local anatomy. This explains the importance of correctly identifying the CSF 

leaks during surgery to allow a rigorous sealing reconstruction and a prolonged attentive follow-up in order to 

prevent recurrence [15]. For some authors, the reconstruction technique used in intraoperative CSF leaks is 

the most important factor to avoid postoperative leaks [22]. 

Naturally, the presence of a lumbar drain placed during the surgery is also related to an increased risk of 

postoperative CSF leaks. As in others previous studies that also reported this association [23,24], the 
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explanation raised for this trend is based on the surgeons’ decision to place a lumbar drain in patients who are 

already more likely to have a postoperative CSF leak, namely a prior occurrence of an intra-operative CSF 

leak [23]. So, the risk is not directly related to the lumbar drainage but it is to the cause for why it had been 

collocated. The use of lumbar drain is motivated by preventing the increase of ICP that may disadvantage a 

normal local healing of surgical reconstruction [25,23]. A recent prospective study [26] with a population not 

restricted to pituitary adenomas concluded that the junction of a reconstruction with vascularized nasoseptal 

flap with a perioperative lumbar drainage prevented the occurrence of postoperative CSF leaks.  

Despite the result obtained in how not to have dyslipidemia was a statistically significant predictor for the 

occurrence of postoperative CSF leaks, after a careful analysis of the data, it was concluded that there was an 

important information collection bias, leading to an incorrect association. 

In patients experiencing postoperative CSF leaks during 30 days after the procedure, the first treatment 

initiated was based on conservative measures like placing a lumbar drain in patients without it, resting in bed 

at least 5 days and avoiding maneuvers that increase ICP (at an intermediate care unit). Only in two cases, 

those who manifested a diagnosis of meningitis, it was necessary to return to surgery, and one of them 

required 3 successive re-operations. It is worthy of note that the recurrence of CSF leak after surgical repair is 

rare [25]. The surgical technique of pavement reconstruction currently with better results in several studies 

and with statistically significant association in the prevention of postoperative CSF leak is the vascularized 

pedicled nasoseptal flap [9,22,24]. It has even been reducing the rates of postoperative CSF leaks to less than 

5% [22,24]. For some authors, an early surgical approach is preferable when CSF leak occur [24,8].  For 

others [27,14], placement of a lumbar drain and bed rest for 5 days is sufficient for most of small leaks. And 

even there are those who argue that most postoperative CSF leak would resolve between 2 to 10 days without 

any treatment [28]. There is no great consensus in this area between conservative measures or early surgical 

exploration. An advantage of early re-exploration cited would be the avoidance of prolonged hospitalizations 

in cases where conservative therapy fails and surgery is necessary [8]. 

After a brief review of the literature, there are other risk factors that have been associated with increased CSF 

leaks that were not found statically significant in this study.  

Among them, the increased risk of intra and postoperative CSF leak with increased BMI [9,7,12,10,15] stands 

out. In this way, they recommend a more solid and rigid surgical reconstruction of the floor in obese patients. 

Dlouhy et al. demonstrated that an increase of BMI of 5 kg/m2 increases the risk of postoperative CSF 

rhinorrhea by 1.61 times [10]. Increased intra-abdominal pressure leading to an increased intracranial pressure 

was one of the main reasons reported in these patients [11,10]. It is possible that this cohort’s BMI was not 

high enough to increase the risk of CSF leaks. 

Regarding the hypothesis raised of the possible increase of postoperative CSF leak in patients with respiratory 

diseases (asthma, COPD and OSAS), the association was non-statistically significant. The prevalence of 

asthma in this study (5.5%) is slightly lower than that described in Portugal (6.8%) [29]. In the same sense, 

the prevalence of COPD (3.5%) is much lower than that described for the Portuguese population (14.2%) 

[30], and may have altered the power of the expected results. However, the results showed that intraoperative 

and postoperative CSF leaks occurred with more frequency on patients with asthma and OSAS. This is in line 

with the results of a nationally based study concluded that chronic cough and asthma were statistically 

significant risk factors for the appearance of postoperative CSF leaks based on the instantaneous increase of 

ICP [12]. As for OSAS, an article reported this comorbidity as a risk factor for increasing spontaneous CSF 

leaks. The explanation comes from episodic increases in ICP due to nocturnal hypoxia occurring in these 

patients which, in turn, contributes to hypercapnia and leads to cerebral vasodilation [12]. In patients with 

severe OSAS, even when awake, they maintain an elevated ICP [31]. The absence of a statistically significant 

association between OSAS and CSF leak may have been due to the fact that it was not taken into account the 

disease modifiers (severity, treatment, stability, exacerbations). Actually, it is described that the treatment of 
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OSAS can restore the ICP to normal values [31]. It is also worth noting the importance of continuous positive 

airway pressure (CPAP) in the treatment of this condition and its relative contraindication in the postoperative 

period of these patients. Despite this, the perfect timing for the reintroduction of CPAP is also not well 

understood [32]. 

Despite being non-statistically significant, intraoperative CSF leaks occurred with more frequency on patients 

with systemic hypertension. As the explanation raised for elevated intra-abdominal pressure increasing ICP 

and the propensity for idiopathic intracranial hypertension in patients with CSF leaks, it is known that arterial 

hypertension, more specifically the mean arterial pressure (MAP), also has influence on intracranial pressure 

(Cerebral Perfusion Pressure = MAP – ICP) [10,33] . 

Some positive points should be highlighted. This study aimed to present an overview of the possible risk 

factors to be taken into account in the preoperative evaluation of the patients, for which a large number of 

variables were selected to be tested. As for all studies, the starting point is to correctly define the variables to 

be studied and the desired outcomes in the methods section, which was taken into account in the elaboration 

of the study protocol. This allows studies of the same area to be comparable between them for revisions of the 

theme. In addition, the collection of data from the hospital's clinical database was performed by only one 

investigator with the concern of confirming unavailable or doubtful information with the patients themselves. 

It contributes to a standardized data collection. Finally, to study surgical events like those discussed, a smaller 

single-institution analysis can report events more accurately and with finer details. 

The weaknesses of these studies include its retrospective design that may lead to possible biases. 

Consideration should be given to the possibility of intraoperative CSF leaks’ underdiagnosis what hence the 

importance of a standardized method for their detection. In this study, the type of intraoperative CSF leak 

(low or high-flow) and the defect size (small or large) were not subdivided due to lack of information. 

Furthermore, few cases of CSF leaks were found in the cohort studied, which impaired the multivariate 

analysis initially predicted. Additionally, some risk factors studied are uncommon in the general population, 

so drawing solid conclusions about the risk turns out to be difficult. Consequently, the external validity of this 

study is limited. 
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Conclusion 

This series of 201 patients with pituitary adenoma following endoscopic transsphenoidal pituitary surgery 

present an overview of the risk factors, frequency and management of CSF leaks. Intra and postoperative CSF 

leaks were appreciated in 14.9% and 5.0% of patients, respectively.  

Despite the current literature, demonstrating that BMI increases the risk of CSF leaks, this association was not 

statistically significant in this study. However, it demonstrates that there is a significant association between 

the occurrence of intraoperative CSF leaks and two risk factors: macroadenomas and GH-producing tumors. 

Despite being non-statistically significant, intraoperative CSF leaks also occurred with more frequency on 

patients with hypertension, asthma and OSAS. All of them being pathologies that can lead to increased ICP. 

The risk of postoperative CSF leaks was statistically significantly increased in patients with intraoperative 

CSF leak. They also appeared with more frequency on patients with asthma, OSAS and on GH-secreting 

tumors. It is worth mentioning that every postoperative CSF leak occurred on macroadenomas.  

A broad understanding of the major risk factors for CSF leaks is really important to enable the development 

of preoperative risk assessments to identify high-risk patients and thus proposing individualized information 

relating to preventive and management measures to be taken on each patient. In the future, as this is a 

Portuguese single-institutional study, it would be interesting to raise the interest in this matter in other medical 

institutions to achieve a national multi-institutional study.  
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ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read
the journal’s Research data policy. We encourage research data to be archived in data
repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.
Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.
To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB
Minimum video duration: 1 sec
Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts,
m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files
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Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

SCIENTIFIC STYLE

Please always use internationally accepted signs and symbols for units (SI units).

Generic names of drugs and pesticides are preferred; if trade names are used, the
generic name should be given at first mention.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to
deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation is helped by following the
rules of good scientific practice, which include*:

The manuscript should not be submitted to more than one journal for simultaneous
consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work concerns
an expansion of previous work. (Please provide transparency on the re-use of
material to avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time (i.e.
‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is intended
for a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors
should adhere to discipline-specific rules for acquiring, selecting and processing
data.

No data, text, or theories by others are presented as if they were the author’s own
(‘plagiarism’). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim
copying of material, and permissions secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.
Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

Authors should avoid untrue statements about an entity (who can be an individual
person or a company) or descriptions of their behavior or actions that could
potentially be seen as personal attacks or allegations about that person.

Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of research).
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Examples include creation of harmful consequences of biological agents or toxins,
disruption of immunity of vaccines, unusual hazards in the use of chemicals,
weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author,
and the order of authors are all correct at submission. Adding and/or deleting authors
during the revision stages is generally not permitted, but in some cases may be
warranted. Reasons for changes in authorship should be explained in detail. Please
note that changes to authorship cannot be made after acceptance of a manuscript.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples,
records, etc. Sensitive information in the form of confidential or proprietary data is excluded.

*All of the above are guidelines and authors need to make sure to respect third parties rights
such as copyright and/or moral rights.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an
investigation following COPE guidelines. If, after investigation, there are valid concerns, the
author(s) concerned will be contacted under their given e-mail address and given an opportunity
to address the issue. Depending on the situation, this may result in the Journal’s and/or
Publisher’s implementation of the following measures, including, but not limited to:

If the manuscript is still under consideration, it may be rejected and returned to the
author.
If the article has already been published online, depending on the nature and
severity of the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur. The reason will be given in
the published erratum, expression of concern or retraction note. Please note that
retraction means that the article is maintained on the platform, watermarked
“retracted” and the explanation for the retraction is provided in a note linked to the
watermarked article.

The author’s institution may be informed
A notice of suspected transgression of ethical standards in the peer review system
may be included as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or
inaccuracy in their published article. The author(s) is/are requested to contact the journal and
explain in what sense the error is impacting the article. A decision on how to correct the
literature will depend on the nature of the error. This may be a correction or retraction. The
retraction note should provide transparency which parts of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should
make sure they are totally independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email
address for each suggested reviewer, or, if this is not possible to include other means of
verifying the identity such as a link to a personal homepage, a link to the publication record or a
researcher or author ID in the submission letter. Please note that the Journal may not use the
suggestions, but suggestions are appreciated and may help facilitate the peer review process.

COMPLIANCE WITH ETHICAL STANDARDS
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To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial), informed
consent if the research involved human participants, and a statement on welfare of animals if
the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest
Research involving Human Participants and/or Animals
Informed consent

Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence
or impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an
accurate and objective assessment of the work. Awareness of a real or perceived conflicts of
interest is a perspective to which the readers are entitled. This is not meant to imply that a
financial relationship with an organization that sponsored the research or compensation
received for consultancy work is inappropriate. Examples of potential conflicts of interests that
are directly or indirectly related to the research may include but are not limited to the
following:

Research grants from funding agencies (please give the research funder and the
grant number)

Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management
relationships

Multiple affiliations

Financial relationships, for example equity ownership or investment interest

Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but are not
limited to personal relationships or competing interests directly or indirectly tied to this research,
or professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms can
be found

here:

https://www.springer.com/gp/authors-editors/journal-author/journal-author-helpdesk/publishing-ethics/14214
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The corresponding author will include a summary statement in the text of the manuscript in a
separate section before the reference list, that reflects what is recorded in the potential conflict
of interest disclosure form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has
received a speaker honorarium from Company X and owns stock in Company Y. Author C is a
member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that
the studies have been approved by the appropriate institutional and/or national research ethics
committee and have been performed in accordance with the ethical standards as laid down in
the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki
Declaration or comparable standards, the authors must explain the reasons for their approach,
and demonstrate that the independent ethics committee or institutional review board explicitly
approved the doubtful aspects of the study.

If a study was granted exemption from requiring ethics approval, this should also be detailed in
the manuscript (including the name of the ethics committee that granted the exemption and the
reasons for the exemption).

Authors must - in all situations as described above - include the name of the ethics committee
and the reference number where appropriate.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee
(include name of committee + reference number) and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.”

Ethical approval retrospective studies

Although retrospective studies are conducted on already available data or biological material
(for which formal consent may not be needed or is difficult to obtain) ethical approval may be
required dependent on the law and the national ethical guidelines of a country. Authors should
check with their institution to make sure they are complying with the specific requirements of
their country.

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on
animals, authors should indicate whether the international, national, and/or institutional
guidelines for the care and use of animals have been followed, and that the studies have been
approved by a research ethics committee at the institution or practice at which the studies were
conducted (where such a committee exists). Please provide the name of ethics committee and
relevant permit number.

For studies with animals, the following statement should be included in the text before the
References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines for the
care and use of animals were followed.”
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If applicable (where such a committee exists): “All procedures performed in studies involving
animals were in accordance with the ethical standards of the institution or practice at which the
studies were conducted.(include name of committee + permit number)”

If articles do not contain studies with human participants or animals by any of the authors,
please select one of the following statements:

“This article does not contain any studies with human participants performed by any of the
authors.”

“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any
of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in studies
have, for example, the right to decide what happens to the (identifiable) personal data gathered,
to what they have said during a study or an interview, as well as to any photograph that was
taken. Hence it is important that all participants gave their informed consent in writing prior to
inclusion in the study. Identifying details (names, dates of birth, identity numbers and other
information) of the participants that were studied should not be published in written descriptions,
photographs, and genetic profiles unless the information is essential for scientific purposes and
the participant (or parent or guardian if the participant is incapable) gave written informed
consent for publication. Complete anonymity is difficult to achieve in some cases, and informed
consent should be obtained if there is any doubt. For example, masking the eye region in
photographs of participants is inadequate protection of anonymity. If identifying characteristics
are altered to protect anonymity, such as in genetic profiles, authors should provide assurance
that alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants included in
the study.”

If identifying information about participants is available in the article, the following statement
should be included:

“Additional informed consent was obtained from all individual participants for whom identifying
information is included in this article.”

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need
to ensure the English language is of sufficient quality to be understood. If you need help with
writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for
clarity.
Visiting the English language tutorial which covers the common mistakes when
writing in English.
Using a professional language editing service where editors will improve the English
to ensure that your meaning is clear and identify problems that require your review.
Two such services are provided by our affiliates Nature Research Editing Service
and American Journal Experts. Springer authors are entitled to a 10% discount on
their first submission to either of these services, simply follow the links below.

English language tutorial
Nature Research Editing Service
American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this
journal and does not imply or guarantee that the article will be selected for peer review or

http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
http://www.aje.com/c/springer
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accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style
before publication.

.

为便于编辑和评审专家准确评估您稿件中陈述的研究工作，您需要确保您的英语语言质量足以令

人理解。如果您需要英文写作方面的帮助，您可以考虑：

● 请一位以英语为母语的同事审核您的稿件是否表意清晰。

● 查看一些有关英语写作中常见语言错误的教程。

● 使用专业语言编辑服务，编辑人员会对英语进行润色，以确保您的意思表达清晰，并识别需要

您复核的问题。我们的附属机构 Nature Research Editing Service 和合作伙伴 American Journal
Experts 即可提供此类服务。

教程

Nature Research Editing Service
American Journal Experts

请注意，使用语言编辑服务并非在期刊上发表文章的必要条件，同时也并不意味或保证文章将被

选中进行同行评议或被接受。

如果您的稿件被接受，在发表之前，我们的文字编辑会检查您的文稿拼写是否规范以及文体是否

正式。

.

エディターと査読者があなたの論文を正しく評価するには、使用されている英語の質が十分に
高いことが必要とされます。英語での論文執筆に際してサポートが必要な場合には、次のオプ
ションがあります：
・英語を母国語とする同僚に、原稿で使用されている英語が明確であるかをチェックしてもら
う。
・英語で執筆する際のよくある間違いに関する英語のチュートリアルを参照する。
・プロの英文校正サービスを利用する。校正者が原稿の意味を明確にしたり、問題点を指摘

し、英語の質を向上させます。Nature Research Editing Service とAmerican Journal Experts の
2つは弊社と提携しているサービスです。Springer の著者は、いずれのサービスも初めて利用

する際には10%の割引を受けることができます。以下のリンクを参照ください。

英語のチュートリアル
Nature Research Editing Service
American Journal Experts

英文校正サービスの利用は、投稿先のジャーナルに掲載されるための条件ではないこと、また
論文審査や受理を保証するものではないことに留意してください。
原稿が受理されると、出版前に弊社のコピーエディターがスペルと体裁のチェックを行いま
す。

.

영어 원고의 경우, 에디터 및 리뷰어들이 귀하의 원고에 실린 결과물을 정확하게 평가할 수 있도
록, 그들이 충분히 이해할 수 있을 만한 수준으로 작성되어야 합니다. 만약 영작문과 관련하여 도
움을 받기를 원하신다면 다음의 사항들을 고려하여 주십시오:

• 귀하의 원고의 표현을 명확히 해줄 영어 원어민 동료를 찾아서 리뷰를 의뢰합니다.

• 영어 튜토리얼 페이지에 방문하여 영어로 글을 쓸 때 자주하는 실수들을 확인합니다.

• 리뷰에 대비하여, 원고의 의미를 명확하게 해주고 리뷰에서 요구하는 문제점들을 식별해서 영
문 수준을 향상시켜주는 전문 영문 교정 서비스를 이용합니다. Nature Research Editing Service
와 American Journal Experts에서 저희와 협약을 통해 서비스를 제공하고 있습니다. Springer 저

https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/
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자들이 본 교정 서비스를 첫 논문 투고를 위해 사용하시는 경우 10%의 할인이 적용되며, 아래의
링크를 통하여 확인이 가능합니다.

영어 튜토리얼 페이지
Nature Research Editing Service
American Journal Experts

영문 교정 서비스는 게재를 위한 요구사항은 아니며, 해당 서비스의 이용이 피어 리뷰에 논문이
선택되거나 게재가 수락되는 것을 의미하거나 보장하지 않습니다.

원고가 수락될 경우, 출판 전 저희측 편집자에 의해 원고의 철자 및 문체를 검수하는 과정을 거치
게 됩니다.

RESEARCH DATA POLICY

A submission to the journal implies that materials described in the manuscript, including all
relevant raw data, will be freely available to any researcher wishing to use them for non-
commercial purposes, without breaching participant confidentiality.

The journal strongly encourages that all datasets on which the conclusions of the paper rely
should be available to readers. We encourage authors to ensure that their datasets are either
deposited in publicly available repositories (where available and appropriate) or presented in the
main manuscript or additional supporting files whenever possible. Please see Springer Nature’s
information on recommended repositories.

List of Repositories
Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may be used
where appropriate.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in
the reference list. Data citations should include the minimum information recommended by
DataCite: authors, title, publisher (repository name), identifier.

DataCite

Where a widely established research community expectation for data archiving in public
repositories exists, submission to a community-endorsed, public repository is mandatory.
Persistent identifiers (such as DOIs and accession numbers) for relevant datasets must be
provided in the paper.

For more information:

Research Data Policy Frequently Asked Questions

Data availability

The journal encourages authors to provide a statement of Data availability in their article. Data
availability statements should include information on where data supporting the results reported
in the article can be found, including, where applicable, hyperlinks to publicly archived datasets
analysed or generated during the study. Data availability statements can also indicate whether
data are available on request from the authors and where no data are available, if appropriate.

Data Availability statements can take one of the following forms (or a combination of more than
one if required for multiple datasets):

1. The datasets generated during and/or analysed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

2. The datasets generated during and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.

https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/
http://www.springernature.com/gp/group/data-policy/repositories
http://www.springernature.com/gp/group/data-policy/faq
https://www.datacite.org/
http://www.springernature.com/gp/group/data-policy/faq
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3. The datasets generated during and/or analysed during the current study are available from
the corresponding author on reasonable request.

4.Data sharing not applicable to this article as no datasets were generated or analysed during
the current study

5. All data generated or analysed during this study are included in this published article [and its
supplementary information files].

More examples of template data availability statements, which include examples of openly
available and restricted access datasets, are available:

Data availability statements

Springer Nature provides a research data policy support service for authors and editors, which
can be contacted at researchdata@springernature.com.

This service provides advice on research data policy compliance and on finding research data
repositories. It is independent of journal, book and conference proceedings editorial offices and
does not advise on specific manuscripts.

Helpdesk

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at
Springer’s web page where you can sign the Copyright Transfer Statement online and indicate
whether you wish to order OpenChoice and offprints.

Once the Author Query Application has been completed, your article will be processed and you
will receive the proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will
be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numbers.

OPEN CHOICE

Open Choice allows you to publish open access in more than 1850 Springer Nature journals,
making your research more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal – view the full list

http://www.springernature.com/gp/group/data-policy/data-availability-statements
http://www.springernature.com/gp/group/data-policy/helpdesk
https://www.springernature.com/de/open-research/journals-books/journals
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Benefits:

Increased researcher engagement: Open Choice enables access by anyone with an
internet connection, immediately on publication.
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