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AVERTISSEMENT

Ce document est le fruit d'un long travail approuvé par le jury de soutenance.

La propriété intellectuelle du document reste entièrement celle du ou des auteurs. Les utilisateurs doivent respecter le droit d'auteur selon la législation en vigueur, et sont soumis aux règles habituelles du bon usage, comme pour les publications sur papier : respect des travaux originaux, citation, interdiction du pillage intellectuel, etc.

Il est mis à disposition de toute personne intéressée par l'intermédiaire de l'archive ouverte DUMAS (Dépôt Universitaire de Mémoires Après Soutenance).

Si vous désirez contacter son ou ses auteurs, nous vous invitons à consulter la page de DUMAS présentant le document. Si l'auteur l'a autorisé, son adresse mail apparaîtra lorsque vous cliquerez sur le bouton « Détails » (à droite du nom).

Dans le cas contraire, vous pouvez consulter en ligne les annuaires de l'ordre des médecins, des pharmaciens et des sages-femmes.

Introduction

Workers in many occupational sectors are susceptible to creating a situational context that leads to burnout symptoms [START_REF] Aumayr-Pintar | Burnout in the Workplace: A Review of the Data and Policy Responses in the EU[END_REF]. Burnout is a syndrome defined by emotional exhaustion (EE), feelings of depersonalization (DP) and a lack of personal accomplishment (PA) in relation to professional activity [START_REF] Maslach | The measurement of experienced burnout[END_REF]. Studies have demonstrated that chronic stressors could increase burnout arise from an imbalance between job demands and job resources [START_REF] Schaufeli | Job demands, job resources, and their relationship with burnout and engagement: a multi-sample study[END_REF]. Burnout is associated with several comorbid factors such as chronic fatigue, addictive behaviors, substance use and suicidal ideation, and different health complains [START_REF] Salvagioni | Physical, psychological and occupational consequences of job burnout: A systematic review of prospective studies[END_REF]. Studies suggest that burnout has a negative impact on psychological and physical health of workers, but also on their interpersonal relationships and job environment. For healthcare professionals and physicians, burnout affects the quality of patients' care through increased medical errors, decreased empathy and decreased productivity at work [START_REF] Shanafelt | Burnout and Medical Errors Among American Surgeons[END_REF]. Thus, efforts to identify and prevent burnout should lead to better health at work and better quality of care. The prevalence of burnout within different surgical specialties is about 40% [START_REF] Shanafelt | Burnout and Career Satisfaction Among American Surgeons: Trans Meet[END_REF], and for certain subspecialties such as neurosurgery, the prevalence of burnout is estimated to be 27% to 56.7% [START_REF] Shakir | The Prevalence of Burnout Among US Neurosurgery Residents[END_REF][START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF][START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF]. Neurosurgery is a demanding specialty in medicine. Work hours are among the longest [START_REF] Jr | A National Survey of Residents' Self-Reported Work Hours: Thinking Beyond Specialty[END_REF] as the number of night shifts, and has a heavy medicolegal burden due to high malpractice risk [START_REF] Steele | Extent of medicolegal burden in neurosurgery-An analysis of the National Health Service Litigation Authority Database[END_REF].

In different American studies [START_REF] Shakir | The Prevalence of Burnout Among US Neurosurgery Residents[END_REF][START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF], prevalence and associated factors of burnout in residents and neurosurgeons have been reported. Surprisingly, Shakir et al. [START_REF] Shakir | The Prevalence of Burnout Among US Neurosurgery Residents[END_REF] reported a burnout rate of 36.5%, Attenello et al. [START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF] a 67% rate for residents, with an association with inadequate operative exposure, and social stressors while mentorship was a protective factor. McAbee et al. [START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF] reported for board certified neurosurgeons a 56.7% rate with an association with an unbalanced work and family life and anxiety over future earnings and health care reform. Still, burnout prevalence may differ depending on the health care system and further studies are needed to understand such a complex phenomenon. Moreover, psychological profiles and validated work-related academic scales have never been used when studying burnout in neurosurgery.

In this paper, we present the results of a nationwide survey targeting the entire neurosurgical community in France: residents and neurosurgeons, including those in private practice. The objectives of this work were to report the prevalence and associated factors of burnout within the French neurosurgical community using validated academic and psychologic scales.

Material and methods

Participants

At the time of the survey there were 587 board certified neurosurgeons. 354 worked in a public hospital, 139 were exclusively in private practice and 94 worked in both. There were 141 residents in the accredited French residency program. Contact information was obtained from the French Society of Neurosurgery. 141 and 432 email addresses were available for residents and neurosurgeons, respectively. An email with an anonymized link to the study survey was sent to the population mentioned above. For residents, the survey was part of the national days of neurosurgery teaching. The content of the mail is provided in the supplementary material (S1 Appendix). The mail was sent in April 2019 and two follow up requests were sent in May and June 2019. Responses were collected in July 2019. Survey responses were anonymous. Completing all of the questions was mandatory, so there was no missing data. Written consent was not required due to the non-mandatory nature of this questionnaire. The questionnaire was declared to the CNIL, the French Commission of Informatics and Liberty, (n˚2211947 v 0). The questionnaire was approved by the ethics committee (ref. IRB00011687).

Questionnaire

The questionnaire included several work scales and psychologic tests: the Siegrist effort-reward scale [START_REF] Siegrist | The measurement of effortreward imbalance at work: European comparisons[END_REF]; the French DUWAS scale [START_REF] Sandrin | Validation d'une version franc ¸aise de la Dutch Work Addiction Scale (DUWAS)[END_REF] to explore addiction at work; a two sided work-family conflict scale [START_REF] Netemeyer | Development and Validation of Work-Family Conflict and Family-Work Conflict Scales[END_REF]; the work-related flow inventory [START_REF] Bakker | The work-related flow inventory: Construction and initial validation of the WOLF[END_REF]; the big five inventory for personality traits [START_REF] Plaisant | Validation par analyse factorielle du Big Five Inventory franc ¸ais (BFI-Fr). Analyse convergente avec le NEO-PI-R. Ann Me ´d[END_REF]; the Maslach Burnout Inventory scale [START_REF] Maslach | The measurement of experienced burnout[END_REF] and several demographic data sets.

All definitions were based on the MBI scale [START_REF] Maslach | The measurement of experienced burnout[END_REF]. Burnout was defined as having high score for emotional exhaustion and/or depersonalization in the MBI. High EE was defined by an EE score �30. High DP was defined by a score higher than 12. Low PA was defined by a score lower than 33.

Statistical analysis

Demographic information was compiled from a series of descriptive statistics. Overall burnout rate and differences in MBI scores, depending on gender and hierarchical status, were reported. Prior to any analysis, we conducted a Cronbach's alpha analysis to explore the reliability of each questionnaire's items. Item 20 of the overinvestment scale as well as item 35 et 41 of the BFI test were excluded. Cronbach's alphas are reported in S2 Table . Gender and hierarchical status comparison of severe burnout was done using a chi-square test for association. All expected cell frequencies were greater than five. An independent-sample t-test was run to determine if there were differences in MBI scores between genders. An independent-samples test was also run for worked hours and number of night shifts comparison depending on resident and neurosurgeons. A one-way ANOVA was run to determine if there were differences in MBI score between professional status (i.e. fellows, professor. . .). Prior assumptions were checked when one-way ANOVA was used for mean comparisons between multiples groups. There were no outliers, as assessed by boxplot; data was normally distributed for each group, as assessed by Shapiro-Wilk test (p > .05); and there was homogeneity of variances, as assessed by Levene's test of homogeneity of variances (p = >0.05). A Tukey post hoc test was used when the result of the one-way ANOVA showed significance.

We conducted a stepwise multiple regression to determine factors that are associated with burnout scores. The list of entered factors is available in S2 Table . There was linearity as assessed by partial regression plots and a plot of studentized residuals against the predicted values. There was independence of residuals, as assessed by a Durbin-Watson statistic of respectively 2.02, 1.97, 2.045 for EE, DP and PA scores. There was homoscedasticity, as assessed by visual inspection of a plot of studentized residuals versus unstandardized predicted values. There was no evidence of multicollinearity, as assessed by tolerance values greater than 0.1. There were no studentized deleted residuals greater than ±3 standard deviations, no leverage values greater than 0.2, and values for Cook's distance above 1. There assumption of normality was met, as assessed by Q-Q Plot. All data were analyzed using the SPSS 24.0 statistical software (IBM, Armonk, New York).

Results

141 residents (100%) completed the survey as it was part of national days of teaching of neurosurgery in France. Of the 432 contacted neurosurgeons, 102 (23.6%) completed the survey. The demographic characteristics of the respondents are shown in Table 1. Thus, more than half of the population were residents (57.3%). In the overall population: 26.6% were women; 28% of the residents and 22% of the neurosurgeons.

Fig 1 represents the mean declared working time per week and number of night shifts of residents and neurosurgeons. There was a significant difference depending on hierarchical status in working time: mean working time n = 69.65h and n = 57.08h for residents and neurosurgeons, respectively (p<0.001). There was also a significant difference for the number of shifts with residents declaring the most shifts: n = 5.91 and n = 3.76 for residents and neurosurgeons, respectively (p<0.001).

Table 2 reports an overall burnout rate of 49% within the French neurosurgical community. This is a prevalence and reflects the burnout rate at the time of the study i.e. July 2019. A comparison of MBI scores is reported depending on gender and hierarchical status. There was no significant difference between gender and hierarchical status for severe burnout. There was only a significant difference between residents and neurosurgeons for DP (p = 0.002). There was a significant difference depending on hierarchical status for depersonalization according to the one-way ANOVA test. However, there were conflicting results with a Tukey post hoc test that did not show significant differences between groups.

Table 3 reports the stepwise multiple regression analysis demonstrating the associations between burnout categories and several factors. Two types of variables are associated with burnout categories. Personality dimensions appear to be an independent variable with neurosurgical practice. Neuroticism was associated with EE. Agreeableness was a protective factor against depersonalization and has a positive impact on personal accomplishment. Openness to experience, extraversion and consciousness was associated with personal accomplishment. Fig 2 represents the mean BFI scores for each dimension within the French neurosurgical community. Neurosurgeons appear as introverted, conscientious, compassionate, inventive, and rather secure regarding the neuroticism dimension. There were variables related to neurosurgical practice: the conflict of work on family life has a negative impact on emotional exhaustion Table 4 reports the suicidal thoughts and drug uses within the French neurosurgical community. Use of drugs and consultation of a psychiatrist were significantly associated with burnout. There was only a non-significant trend with suicidal thoughts.

Discussion

This study assessed burnout within the French neurosurgical community and explored associated factors. To our knowledge, this is the first study that assessed burnout rate of neurosurgeons and residents in neurosurgery at the same time and with the same variables, giving a full picture of a community. Overall burnout rate was 49% and no significant differences between hierarchical status were found. Two types of variables were found: 1) the impact of personality as an independent factor with neurosurgical practice and 2) factors associated with neurosurgical practice measured with validated academic scales. In the following sections, we discuss 

Burnout rate and comparisons

Burnout has been largely described in the medical field [START_REF] Kansoun | Burnout in French physicians: A systematic review and meta-analysis[END_REF] and even among surgical communities [START_REF] Campbell | Burnout among American surgeons[END_REF]. Little data exists in neurosurgery event though this is an extreme specialty in terms of working hours [START_REF] Jr | A National Survey of Residents' Self-Reported Work Hours: Thinking Beyond Specialty[END_REF] and medicolegal burden [START_REF] Steele | Extent of medicolegal burden in neurosurgery-An analysis of the National Health Service Litigation Authority Database[END_REF]. American studies showed an overall burnout rate of 56.7% for neurosurgeons [START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF] and two studies reported either a 36.5% [START_REF] Shakir | The Prevalence of Burnout Among US Neurosurgery Residents[END_REF] and 67% [START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF] rate for residents. Keeping the same burnout definition, burnout among Lithuanian neurosurgeons [START_REF] Pranckeviciene | Professional burnout and its correlates in Lithuanian neurosurgeons[END_REF] vary between 25.8-41.9%. In this study we reported an overall burnout rate of 49% which is higher than the 29% rate in comparison with the most comprehensive and complete meta-analysis of French physicians [START_REF] Kansoun | Burnout in French physicians: A systematic review and meta-analysis[END_REF] following the same burnout definition. As for surgeons, Campbell et al. [START_REF] Campbell | Burnout among American surgeons[END_REF] reported a 32% rate in a population of American surgeons.

As the female proportion is growing in neurosurgery [START_REF] Renfrow | Positive trends in neurosurgery enrollment and attrition: analysis of the 2000-2009 female neurosurgery resident cohort[END_REF] and some studies tend to demonstrate that females were more susceptible to burnout [START_REF] Shanafelt | Burnout and Satisfaction With Work-Life Balance Among US Physicians Relative to the General US Population[END_REF], we investigated if burnout rate differs between genders. In this study there was no significant difference between genders. There are 28% of women among residents and 22% among neurosurgeons. A growing percentage of women among neurosurgeons should not affect burnout rate in the years to come.

Although there was a trend of decreased burnout rate when one advanced in hierarchical status, no significant difference was shown in the analysis. Lack of power due to lower response rate among neurosurgeons can explain this tendency. There was no difference in the effort/ reward ratio of residents and neurosurgeons (0.7). Hierarchical status was only associated with depersonalization in the stepwise multiple regression. The only variables that appear to be statistically different are shifts per month (5.91 vs 3.76: p<0.001) and working hours (69.65 vs 57.08 p<0.001) for residents and neurosurgeons, respectively. Data in the literature finds inadequate operative exposure, lack of opportunities for professional development, and dissatisfaction with colleagues are all common factors between residents and neurosurgeons [START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF][START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF]. Residents face problems like working hours, night shifts, social stressors and lack of mentorship [START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF]. As their careers advance, neurosurgeons face unbalance between work and life outside of the hospital and anxiety over future earnings and/or health care reform [START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF]. Our data suggests that burnout rate does not seem to vary during the career. From residency to retirement, physicians face different problems with potential negative impacts during the advancement of their career. Zoer et al. [START_REF] Zoer | The associations between psychosocial workload and mental health complaints in different age groups[END_REF] drew similar conclusions when they studied associations between psychosocial workload and mental health complaints in different age groups in a railway company. Understanding those subtle differences is crucial to provide accurate interventions.

Impact of personality

Personality appears as an independent variable within neurosurgical practice. The stepwise multiple regression analysis showed a negative impact of the neuroticism factor for emotional exhaustion. Openness to experience, conscientiousness, extraversion and agreeableness was associated with personal accomplishment. Agreeableness was a protective factor against depersonalization. To our knowledge, this is the first study to explore personality in neurosurgery. Association between personality and burnout has been reported in several work domains [START_REF] Bakker | The Relationship Between the Big Five Personality Factors and Burnout: A Study Among Volunteer Counselors[END_REF][START_REF] Kim | Burnout and engagement: A comparative analysis using the Big Five personality dimensions[END_REF] and also among physicians [START_REF] Van Der Wal | Psychological distress, burnout and personality traits in Dutch anaesthesiologists: A survey[END_REF][START_REF] Brown | Personality and burnout among primary care physicians: an international study[END_REF]. There are suggestions that surgeons are more likely to be associated with extraversion and openness to experience while pediatricians and family practitioners are more likely to correspond to higher neuroticism [START_REF] Borges | Personality and Medical Specialty Choice: A Literature Review and Integration[END_REF]. Though neurosurgery is more likely to be exposed to stress and medicolegal burden [START_REF] Steele | Extent of medicolegal burden in neurosurgery-An analysis of the National Health Service Litigation Authority Database[END_REF][START_REF] Mukherjee | A nine-year review of medicolegal claims in neurosurgery[END_REF], personality traits seems to be protective against burnout in this specialty. In our sample, personality traits tend to show higher levels on agreeableness, openness to experience and conscientiousness and low levels on extraversion and neuroticism. Personality modification does not seem either ethical or desirable. Still, cognitive and psychosocial interventions [START_REF] Li | Efficacy of Williams LifeSkills training for improving psychological health: A pilot comparison study of Chinese medical students: WLST efficacy in Chinese medical students[END_REF][START_REF] Clough | Psychosocial interventions for managing occupational stress and burnout among medical doctors: a systematic review[END_REF] that reduce stress, and anxiety while increasing social support and self-esteem might reduce the complex impact of personality factors on burnout. Also, personality screening at the beginning of residency can be measured to follow personality traits that are more likely to develop burnout. This strategy has been adopted in other fields with high responsibilities and high levels of competence such as special forces in the army [START_REF] Bartone | Psychological Hardiness Predicts Success in US Army Special Forces Candidates[END_REF][START_REF] Salgado | Big Five Personality Dimensions and Job Performance in Army and Civil Occupations: A European Perspective[END_REF] or airline pilots [START_REF] Butcher | Psychological Assessment of Airline Pilot Applicants With the MMPI-2[END_REF].

Factors associated with neurosurgical practice

Work to family conflict is a well-documented association with burnout. Jensen et al. [START_REF] Jensen | Exploring business travel with work-family conflict and the emotional exhaustion component of burnout as outcome variables: The job demands-resources perspective[END_REF][START_REF] Jensen | A two-wave cross-lagged study of business travel, work-family conflict, emotional exhaustion, and psychological health complaints[END_REF] rigorously demonstrated in a longitudinal study the reciprocal relationships between work to family conflict, emotional exhaustion and psychological health complaints in a population with a lot of business travels. In our study, work to family conflict was the first associated variable in both emotional exhaustion and depersonalization regression models. The results are in line with numerous other studies [START_REF] Burke | Hospital restructuring, work-family conflict and psychological burnout among nursing staff[END_REF][START_REF] Gyo ¨rffy | Physician Burnout in Hungary: A Potential Role for Work-Family Conflict[END_REF][START_REF] Wang | Work-family Conflict and Burnout among Chinese Doctors: The Mediating Role of Psychological Capital[END_REF]. This is not surprising; neurosurgery is a specialty with night shifts, work hours are among the longest [START_REF] Jr | A National Survey of Residents' Self-Reported Work Hours: Thinking Beyond Specialty[END_REF], there is some work schedule inflexibility and shiftwork is irregular. All of those factors are associated with work to family conflict [START_REF] Fuß | Working conditions and Work-Family Conflict in German hospital physicians: psychosocial and organisational predictors and consequences[END_REF]. According to the conclusion of Jensen et al, it is likely that today's organization in neurosurgery produces a vicious circle leading to burnout and its consequences. Better organization of continuity of care to clear regular family time may improve this factor.

While high score of absorption according to the WOLF of Bakker et al. [START_REF] Bakker | The work-related flow inventory: Construction and initial validation of the WOLF[END_REF] has a negative impact, work enjoyment is a protective factor against emotional exhaustion and depersonalization. Neurosurgeons seems to particularly enjoy operative exposure [START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF] or more broadly clinical work [START_REF] Pranckeviciene | Professional burnout and its correlates in Lithuanian neurosurgeons[END_REF] while administrative tasks, which seem to take one-sixth of a physician's time [START_REF] Woolhandler | Administrative Work Consumes One-Sixth of U.S. Physicians' Working Hours and Lowers their Career Satisfaction[END_REF], lower career satisfaction. Recruiting administrative assistants whose training time is not as long as that of a neurosurgeon could be a strategy to improve neurosurgeons' clinical productivity as well as improving health at work. Finally, according to Siegrist et al. [START_REF] Siegrist | The measurement of effortreward imbalance at work: European comparisons[END_REF], improvement in rebalancing the effort /reward ratio, which appeared as an independent factor of emotional exhaustion, may reduce burnout.

More modestly, working hours have a negative association. This seems especially true for residents (mean declared working time 69.65h per week) who work at least 20h more than the EU working time directive (48h per week). According to previous discussion, we did not explore the concept of quantity of work weighted by quality. There might be a shift of administrative burden from neurosurgeons to residents that needs to be explored to explain these results. The status of residents seems to expose to depersonalization while advancing during the career seems to protect from depersonalization.

Associations between burnout, suicidal thoughts and drug uses

Burnout as a syndrome does not have a particular impact but has been described in literature as associated with a negative impact for patient's care and the own physician's health [START_REF] Shanafelt | Burnout and Medical Errors Among American Surgeons[END_REF][START_REF] West | Physician burnout: contributors, consequences and solutions[END_REF]. Though it was not the main primary objective of the study we assessed the associations between burnout and health consequences in our studied population. Suicidal thoughts showed a trend that was not statistically significant. Psychiatry or psychologic consultation was associated as well as drug usage. Those results confirm previous findings, [START_REF] Sonneck | Suicide and Burnout of Physicians[END_REF][START_REF] Van Der Heijden | Suicidal Thoughts Among Medical Residents with Burnout[END_REF][START_REF] Bianchi | Burnout-depression overlap: A review[END_REF][START_REF] Oreskovich | Prevalence of Alcohol Use Disorders Among American Surgeons[END_REF] and actions to prevent burnout may improve physicians' health in neurosurgery.

Limitations

There are some usual limitations regarding survey studies. There was a 100% answer rate for the residents because it was part of national teaching days. It was a common decision by the French national society of neurosurgery and the college of neurosurgery teachers to make it part of this pedagogic events. There were no significant outliers in the residents' responses after visual inspection of the boxplots. The neurosurgeons were harder to reach with a 23.6% response rate which is rather low in such studies but comparable to the answer rate of other neurosurgical surveys [START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF][START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF][START_REF] Cohen-Gadol | Resident Duty Hours Reform: Results of a National Survey of the Program Directors and Residents in Neurosurgery Training Programs[END_REF]. This rate was exposed to a selection bias, attending physicians are usually less involved in academic work and are under-represented in this study.

This was not the first study about burnout in neurosurgery. We chose to explore different variables associated with burnout to further understand the phenomenon. Previous studies identified mainly dichotomous variables such as operative exposure and binary feeling of unbalance work and family life [START_REF] Shakir | The Prevalence of Burnout Among US Neurosurgery Residents[END_REF][START_REF] Attenello | Factors associated with burnout among US neurosurgery residents: a nationwide survey[END_REF][START_REF] Mcabee | Factors associated with career satisfaction and burnout among US neurosurgeons: results of a nationwide survey[END_REF][START_REF] Pranckeviciene | Professional burnout and its correlates in Lithuanian neurosurgeons[END_REF]. In this study we used quantified validated scales that help to understand and explain previous results.

Survey studies cannot be exhaustive, and a longer questionnaire would have lowered the response rate. Neurosurgeons shares many well documented associated factors of burnout with other occupational groups. While we did not measure occupational stress in this study it is certainly a shared features, notably with lawyers [START_REF] Tsai | Occupational Stress and Burnout of Lawyers[END_REF] and non-medical occupational health staff [START_REF] Okuda | Burnout and occupational stressors among non-medical occupational health staff[END_REF]. Further studies are required for further comprehension of this complex phenomenon. Moreover, as it is a transversal study, we can only identify associations related to burnout. Further studies will address the causality between those variables and burnout.

Conclusion

We have reported the prevalence and factors associated with burnout within the French neurosurgical community from the residents to the professors. Burnout prevalence is high in comparison with physicians and even among surgeons. Two categories of factors were identified. Personality types have an independent association regarding neurosurgical practice. Still, inherent factors associated with neurosurgical practice such as conflict of work into family life, unbalanced effort/reward ratio and work duration exist. Thus, this study may identify two levers of action to prevent and reduce burnout. A preliminary screening of personality may be proposed for a closer follow-up during residency. Improvement of working conditions, division of tasks of continuity of care and a readjustment of the effort / reward ratio may lower burnout in neurosurgery.

A prospective follow-up of the French neurosurgical cohort may answer if those levers of action can be effective to improve health at work in neurosurgery. depersonalization and hierarchical status. Factors associated with personal accomplishment: m, n, o, p, q, r. m: linear regression between personal accomplishment and agreeableness; n: linear regression between personal accomplishment and openness; o: linear regression between personal accomplishment and extraversion; p: linear regression between personal accomplishment and consciousness; q: linear regression between personal accomplishment and pleasure at work; r: linear regression between personal accomplishment and effort/reward ratio. (TIFF)

  and depersonalization. Pleasure at work was negatively associated with EE and DP while it was positively associated with PA. Absorption at work has a negative association with EE. An unbalance effort/reward ratio has a negative association with EE but positive association with PA. Excessive work according to Duwas scale was associated with EE. Rise on hierarchical status has a positive association with DP. Finally, working hours have a negative association with EE. The univariates analysis and direction of each associated factors obtained during the stepwise multiple regression are represented in the S1 Fig.

Fig 1 .

 1 Fig 1. Worked hours per week and number of night shifts per month depending on hierarchical status. https://doi.org/10.1371/journal.pone.0233137.g001

Fig 2 .

 2 Fig 2. Big five personality traits mean scores within the French neurosurgical community. https://doi.org/10.1371/journal.pone.0233137.g002

Table 1 . Demographic data.

 1 

	Sex	n	%
	Men	179	73.4
	Women	64	26.6
	Professional status		
	Resident	141	58
	1 st year	26	10.6
	2 nd year	24	9.8
	3 rd year	23	9.3
	4 th year	31	12.6
	5 th year	37	15.04
	Fellow	22	9.1
	Attending neurosurgeon	31	12.8
	Professor	21	8.6
	Private practice	28	11.5
	Children		
	Yes	92	37.9
	No	151	62.1
	Marital status		
	Single	79	32.5
	Common law	72	29.6
	Married	84	34.6
	Divorced	8	3.3
	Security rest		
	Yes	77	30.9
	No	90	36.6
	It depends	79	32.5

https://doi.org/10.1371/journal.pone.0233137.t001

Table 2 . Overall burnout rate and differences in MBI scores depending on gender and hierarchical status. Emotional exhaustion Personal accomplishment

 2 

	Depersonalization Burnout
	Proportion

https://doi.org/10.1371/journal.pone.0233137.t002

Table 3 . Stepwise multiple regression analyses to test the relative contributions of different predictors on burnout dimensions.

 3 

		β	t	p	R 2	F	p
	Emotional exhaustion			.524		36.47	< .001
	Big Five Neuroticism dimension	.22	4.46	< .001		
	Work to family conflict	.31	6.02	< .001		
	Effort/Reward Ratio	.18	3.72	< .001		
	Pleasure at Work-Flow	-.30	-5.14	< .001		
	Absorption at Work-Flow	.13	2.18	.03		
	Excessive Work-Workaholism	.11	1.94	.054		
	Work duration	.10	2.01	.046		
	Depersonalization			.323		22.29	< .001
	Big Five Agreeableness dimension	-.18	-3.17	.002		
	Work to family conflict	.25	4.13	< .001		
	Overinvestissment	.16	2.69	.008		
	Pleasure at Work-Flow	-.25	-4.36	< .001		
	Hierarchical Status	.26	4.68	< .001		
	Personal accomplishment			.339		19.89	< .001
	Big Five Agreeableness dimension	.26	4.44	< .001		
	Big Five Openness dimension	.19	3.19	.002		
	Big Five Extraversion dimension	.17	2.94	.004		
	Big Five Consciousness dimension	.16	2.75	.006		
	Pleasure at Work-Flow	.19	3.31	.001		
	Effort/Reward Ratio	.15	2.64	.009		

Professional Status (coded 1 = Residents; 0 = Clinical practitioners in private and public sectors). Work duration = continuous variable. https://doi.org/10.1371/journal.pone.0233137.t003 the results and the proposed multivariate model to predict and prevent burnout in neurosurgery.

Table 4 . Association between suicidal thoughts, drug uses, psychological needs and burnout.

 4 

	Suicidal thoughts	n	%	p-value
	Never	173	70.3	
	Rarely	61	24.8	
	Often	5	12.3	
	Yes, with intention to act	7	2.85	0.062
	Psychiatry, psychology	22	8.9	0.019
	Antidepressant	11	4.47	0.32
	Sleeping pill	21	8.5	0.42
	Drugs	15	6.1	0.013
	Performance enhancer	8	3.3	0.52

https://doi.org/10.1371/journal.pone.0233137.t004
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Enfin, merci à Mr Roche, personnage fédérateur et énergique, directeur de cette thèse pour m'avoir lancé sur ce travail et de m'avoir accordé sa confiance avec le collège de neurochirurgie. Merci de nous avoir donné la parole. J'espère que cette thèse est une modeste contribution pour que la génération de neurochirurgiens à venir fasse fructifier la bienveillance de nos aînés. Je suis fier d'entrer dans cette communauté. Une communauté d'individus hors du commun et dévoués à leur art.
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