Table 1

Table 1: Basic demographic information of the survey responders. SD = standard deviation.

Age in years (mean * SD)

43.0 + 8.6

Gender
Male
Female

71 (88.8%)
9 (11.2%)

Type of hospital/employment

University/teaching hospital

73 (91.3%)

Other public hospital 5 (6.3%)
Private hospital 2 (2.4%)
Country of training
Austria 2 (2.5%)
Belgium 2 (2.5%)
Estonia 1(1.3%)
Finland 4 (5.0%)
France 16 (20.0%)
Germany 12 (15.0%)
Greece 1(1.3%)
Israel 1(1.3%)
Italy 1(1.3%)
Kazakhstan 1(1.3%)
Lithuania 1(1.3%)
Norway 7 (8.8%)
Serbia 7 (8.8%)
Sweden 4 (5.0%)
Switzerland 9 (11.3%)
United Kingdom 11 (13.8%)
Length of residency (mean = SD) 6.1+14
Year of residency graduation
1976 — 1980 1(1.3%)
1986 — 1990 2 (2.5%)
1991 — 1995 5 (6.3%)
1996 — 2000 6 (7.5%)
2001 — 2005 8 (10.0%)
2006 — 2010 12 (15.0%)
2011 - 2015 20 (25.0%)
2016 — 2018 26 (32.5%)

Part of training in a different country




No 62 (77.5%)
Yes 18 (22.5%)
Total n=80 (100%)




Table 2

Table 2: Overview on the caseloads of certain types of procedures, performed on average

during neurosurgery residency in Europe. Cl = confidence interval.

Independent Supervised Assisted Total
Procedure type
Mean, 95% CI | Mean, 95% ClI Mean, 95% CI Mean, 95% CI
All procedures 511,413 -610 | 514, 360 — 668 | 752,485 —-1019 | 1799, 1335 - 2263

Cranial procedures | 280, 223 — 336 | 264, 202 —326 | 381, 255 - 507 938, 731 - 1145
Spinal procedures | 204, 149 — 259 | 246, 123 —-368 | 366, 213 -519 835, 529 — 1142

Procedures on
466, 371 —-562 | 472, 336 — 608 | 696, 448 — 945 1661, 1243 — 2079

adult patients

Procedures on
35,20-50 44,15 -73 78,20 - 137 159, 57 — 260

pediatric patients




Table 3

Table 3: Overview on the caseloads of specific types of procedures, performed on average

during neurosurgery residency in Europe. Cl = confidence interval.

Independent Supervised Assisted Total
Procedure type
Mean, 95% CI Mean, 95% CI Mean, 95% CI Mean, 95% CI
Burr hole trepanation 151, 109 — 192 82,11 - 152 38,23 -54 270, 145 - 396
Supratentorial craniotomy 118, 89 — 147 116,91 -141 148,111 - 185 386, 305 — 468
Infratentorial craniotomy 21,14 -28 30,21 -39 53,33-73 107, 73 - 140
Microsurgical treatment of
5,1-10 13,6-19 68, 45 — 92 88, 60 — 117
vascular pathology
Endovascular procedure 0,0-1 1,-1-3 2,1-3 3,1-5
Ventriculo-peritoneal shunt 52,39-65 28,20-36 32,24 -40 109, 87 — 132
Neuro-endoscopic procedure 4,2-6 7,4-10 10,7 -13 21,14 -28
Trans-sphenoidal procedure 4,0-9 7,4-10 29,12 -46 38,18 -58
Dorsal non-instrumented
. 89,55 -124 82,46 - 118 175, 93 — 257 350, 196 — 504
spine surgery
Anterior instrumented or non-
_ ) 19,11 -26 24,16 - 33 60, 40 — 80 104, 69 — 139
instrumented spine surgery
Dorsal/lateral instrumented
. 9,3-15 22,11-33 46,12 -81 77,27 -127
spine surgery
Cement augmentation 2,1-3 2,1-4 3,2-5 8,4-11
Functional procedure 24,15-34 18,12 - 23 35,16 - 53 72,44 - 100
Peripheral nerve procedure 25,9-42 10,4 -16 15,6 -24 53,24 -82
Stereotactic radiosurgery 0,0-1 1,0-3 8,0-15 9,0-18
Cranioplasty 14,10 -17 11,9-14 13,10-17 38, 30 — 46
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Abstract

Background: Differences in the postgraduate training programs of neurosurgical residents
are suspected throughout Europe. The influence of working hour restrictions by the
European Working Time Directive (WTD) 2003/88/EC on the number of surgical procedures
remains unclear. We designed a survey to collect information on the number of surgical
procedures, performed by European neurosurgical trainees during residency. This article
reports preliminary data.

Methods: An electronic survey was distributed among the European Association of
Neurosurgical Societies (EANS) member countries by national delegates of the training
committee, as well as by members of the young neurosurgeons committee. The EANS
mailing list of individual members was also used for distribution. All responses received
between 04/2018 and 12/2018 were considered.

Results: From n=180 responses received, 42 were omitted as responders were still in
residency and for 58 relevant information was missing. The final sample was n=80, with a
mean responder’s age of 43.0 years (SD 8.6) and 88.8% being male. Responses came from
16 European countries; board certification was received between the years of 1976—2018.
The numbers of surgical procedures performed independently were 511 (mean, 95%
confidence interval (Cl) 413-610), supervised were 514 (95%CI 360-668) and assisted were
752 (95%CI 485-1019) throughout residency. More detailed humbers for specific procedure
types are reported in the article. Independently performed cranial procedures outnumbered
spinal procedures (p<0.006) and adult procedures outnumbered pediatric procedures
(p<0.001). There was a strong decrease in case-load between 1976-2018, with trainees
performing on average 65 cases less throughout residency for each calendar year increase
in board-certification (95% CI -116 — -15, p=0.012). Trainees graduating residency before
introduction of the European WTD 2003/88/EC participated in more procedures than those
graduating afterwards (mean 2797 vs. 1418, p=0.005).

Conclusions: The preliminary analysis of the first 80 responses now provides a first
reference frame for case-load that can be used by current and future European residents to
critically compare their own operative numbers to. There was a strong decline in surgical
cases over time, and trainees graduating after introduction of the European WTD
2003/88/EC had less surgical exposure. The survey remains open and we invite further

European neurosurgeons to provide their data in order to get even more robust estimates.

Key words: Neurosurgery; residency; caseload; Europe; training program; working hour

restriction.
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Abbreviations and Acronyms

ClI = confidence interval

EANS = European Association of Neurosurgical Societies

h = hours

JRAAC = Joint Residency Advisory and Accreditation Committee
OR = operation room

SD = standard deviation

UK = United Kingdom

US = United States (of America)

VP = ventriculo-peritoneal

WTD = working time directive
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Introduction

Training the future generations of neurosurgeons is an important task that has lately received
increasing attention, as conditions for European neurosurgeons have markedly changed over
the last decades and a direct relationship between the perceived quality of training and
actual knowledge & skills level in the European board examination of neurosurgery could be
established.[21] There has been a transition from traditional, individualized and more liberal
surgical training models with Halsted’s “see one, do one, teach one” mentality to the
progressive establishment of standardized programs.[1] A multitude of positive developments
have occurred, including the introduction of structured residency -curriculums, their
accreditation and monitoring by the Joint Residency Advisory and Accreditation Committee
(JRAAC),[18] the increasing availability of (inter-)national training courses, simulators &
modern e-learning techniques for postgraduate training.[13, 15, 23, 28] Besides,
improvements in professional networking and exchange by events such as the European
Associations of Neurosurgical Societies (EANS) Training Courses or Young Neurosurgeon’s
meetings have taken place, enabling trainees to gain a profound knowledge on theoretical
aspects of neurosurgical care.

Despite a wealth of academic training possibilities, the practical “hands-on”
experience level of today’s residents seems to decline, however, compared to the one of
previous generations. This reduction may result from several reasons, among them the
instituted 48-hour work week and duty hour restrictions as defined by the European Working
Time Directive (WTD) 2003/88/EC,[17, 22] with the subsequent increase of the number of
trainees and hereby broader distribution of a department’s surgical cases,[22] but also from
the increase in competition on the so-called “health-care market” with a zero-tolerance
attitude for complications and suboptimal outcomes today, hindering resident participation in
key aspects of cases.[4, 24] Reulen & Marz, in a thoughtful article on the training conditions
at a major German neurosurgical department, estimated that an annual case-load of 250-300
procedures per resident would be needed for adequate training are met — but it is unclear,
whether European trainees meet those expectations.[16]

European neurosurgery residents express an uncertainty with regards to the definition
of a “normal volume of procedures” that their peers perform independently, supervised or
assisted throughout training. In order to provide some transparency and reference values, we
surveyed European board-certified neurosurgeons and asked them to indicate the case
numbers performed throughout training. Further intentions were to analyze time-trends in
surgical case loads — in particular comparing case numbers performed by residency
graduates before and after the WTD 2003/88/EC was introduced — and to estimate their

effect on training.
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Material and Methods

Survey design

An electronic survey consisting of 31 questions on four pages was created using the survey
tool “Survey Monkey” (SurveyMonkey Inc., San Mateo, California (USA),
https://www.surveymonkey.com). Questions covered basic demographic data about the

survey responder including age, sex, country of training, additional out-of-country training, as
well as year of board-certification in neurosurgery.

Responders were then asked to indicate the amount of surgical procedures
performed independently, performed under supervision, or assisted throughout their
residency (until board-certification). We collected data on all operative cases, but also
discriminated between a) total cranial cases, b) total spinal cases, c) total adult cases, d)
total pediatric cases (age 0-16 years).

In a further section, responders were asked to indicate their case numbers for specific
neurosurgical procedures, again separately for those performed independently, performed
under supervision, or assisted: a) burr hole trepanation, b) supratentorial craniotomy, c)
infratentorial craniotomy, d) microsurgical treatment of vascular pathology, €) endovascular
procedure, f) ventriculo-peritoneal (VP)-shunt, g) neuro-endoscopic procedure, h) trans-
sphenoidal procedure, i) dorsal non-instrumented spine surgery, j) anterior instrumented or
non-instrumented spine surgery, k) dorsal/lateral instrumented spine surgery, |) cement
augmentation, m) functional procedure, n) peripheral nerve procedure, 0) stereotactic
radiosurgery, p) cranioplasty. The final question assessed, whether the provided numbers
were based on actual records or “best estimates”.

In general, survey questions were constructed carefully to avoid influencing the
answers and the complete survey is provided as Supplemental File 1 so that the reader can

decide whether the questions were reasonable.

Survey distribution

The survey was distributed twice via the EANS mailing list to individual members.
Furthermore, all national delegates of the EANS were asked to forward the survey link
among members of their national neurosurgical societies. In addition, members of the EANS
Young Neurosurgeons and Training Committee were asked to forward the link among their
colleagues and professional networks. Personal email-based invitations were used; no
social-media platform advertisement was used. Multiple answering of the survey using the
same IP address was impossible. No reminder emails were sent in case of non-response, to
respect the decision of non-participation. Questionnaires of all responders between April 25",

2018 and until December 31, 2018 were included in this preliminary analysis.
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Statistical considerations

Continuous variables were reported as mean and 95% confidence intervals (Cl); t-tests were
used for statistical analysis. Frequency distributions and summary statistics were calculated
for categorical variables; chi-square tests served for statistical analysis.

Descriptive statistics were used to present the mean case-loads and 95% ClIs for
certain procedure types. General time trends in the case-load were analyzed using linear
regression. In order to determine the change in case-load specifically before and after
introduction of the European WTD 2003/88/EC, we dichotomized between surgeons who
graduated residency up to year 2004, or from 2005 onwards and compared case-loads using
t-tests. To estimate the magnitude of deviation from a target case-load, we used the annual
number of 250 — 300 major procedures per resident that was previously suggested to ensure
adequate surgical exposure, with resident participation in about 40-45% of cases (expert
opinion).[16] As the survey included major and minor procedures, and recorded procedures
where trainees were assisting an attending, we used the annual 250 — 300 case threshold as
reference. Based on the length of residency (as indicated by survey responders), the mean
target case-load of residency would range around 1704 (95% CI 1610 — 1799). This number
was used to calculate the mismatch between expected (=desired) and observed (=actual)
residency case-load.

The software used for the statistical analysis and graphical illustration was Stata
v14.2 (StataCorp LP, College Station, TX, USA). P-values < 0.05 were considered

statistically significant.

Ethical considerations
Survey participation was voluntary. No patient data was collected. Formal consent was not

required for this type of study.

Results

Until December 31, 2018 we received a total of 180 responses, of which 42 were excluded
because responders indicated not having completed their training yet, and a further 58
responses due to incomplete and missing relevant data. Therefore, n=80 responses were
considered for this preliminary analysis.

Details on the survey sample are summarized in Table 1. Survey responders had a
mean age of 43.0 £8.6 years and 88.8% were male. Responses mainly came from surgeons
employed at university/teaching hospitals (91.3%) in France (20.0%), the United Kingdom
(UK; 13.8%), Germany (15.0%%), Switzerland (11.3%), Serbia and Norway (each 8.8%).

Most responders graduated in the years between 2011 — 2018 (57.5%). Nineteen responders

7
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(23.8%) graduated before and 61 responders (76.2%) after the European WTD 2003/88/EC
came into effect. The mean duration of residency was 6.1 +1.4 years.

Absolute numbers of procedures in general
The mean number of surgical procedures performed independently, supervised or assisted
throughout residency was 511 (95% CI: 413-610), 514 (95% CI: 360—668) and 752 (95% CI:
485-1019). The relatively wide 95% Cls indicate substantial inter-individual heterogeneity.
Detailed numbers for cranial, spinal, adult, and pediatric subgroups are presented in Table 2.
In general, European trainees had more exposure to independently performed cranial
as compared to spinal operations (280 £251 vs. 204 £245, p=0.006). Exposure to cranial and
spinal operations was similar for supervised (264 262 vs. 245 +516, p=0.631) and assisted
procedures (381 +538 vs. 366 +651, p=0.621).
Trainees were much more exposed to adult, as compared to pediatric procedures,
including those performed independently (472 +412 vs. 35 65, p<0.001), supervised (472
1572 vs. 44 +121, p<0.001) or assisted (705 £1048 vs. 78 +243, p<0.001).

Absolute numbers of specific neurosurgical procedures

Table 3 summarized mean numbers of specific neurosurgical interventions, again
discriminated between those performed independently, supervised, or assisted throughout
residency. With an average of 151 procedures, burr-hole trepanation was the procedure that
was most frequently performed independently. Based on the responses of this survey, we
are 95% confident that European residents perform between 109 and 192 such procedures
independently throughout residency (Table 3). Further procedures performed relatively often
were supratentorial craniotomies (average 118, 95% CI: 89-147), dorsal non-instrumented
spine procedures (average 89, 95% CI: 55-124) and VP-shunts (average 52, 95% CI: 39—
65). At the lower end of the spectrum, only few stereotactic radiosurgery (average 0, 95% CI:
0-1), endovascular (average 0, 95% CI: 0-1), cement augmentation (average 2, 95% CI: 1—
3) or trans-sphenoidal (average 4, 95% CI: 0—9) procedures were performed (Table 3).

For the more simple and less dangerous procedures (e.g. burr hole trepanation, VP-
shunt, peripheral nerve procedure, cranioplasty), more procedures were performed
independently than supervised or assisted. In contrast, most numbers for assists or
supervised exceeded those of independently performed procedures, if degree of complexity
or risk of morbidity was higher (e.g. infratentorial craniotomy, vascular procedure, trans-

sphenoidal procedure, dorsal/lateral instrumented spine procedure; Table 3).

Trend of residency case-load over time
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We analyzed, whether the residency case-load changed over time. In a linear regression
model, there was an annual decrease in total case-load of about 65 cases between 1976—
2018 (Coeff. -65, 95% CI -116 — -15, p=0.012). Also, the number of procedures performed
per residency year (=case-year index) between 1976-2018 showed a decrease with about
13 cases less per year (Coeff. -13, 95% CI -24 — -2, p=0.018). Figure 1 illustrates the
decrease in mean annual caseload/resident over time, with the red lines indicating the
suggested threshold for adequate training of 250 — 300 (mean: 275) cases/year.

When dichotomized for the time before or after introduction of the European WTD
2003/88/EC, the total residency case-loads were higher before as compared to after (2797
+3607 vs. 1418 +865, p=0.005; Figure 2A). While the difference between expected and
observed case-load was positive before introduction of the European WTD 2003/88/EC, it
was negative afterwards (1147 3704 vs. -285 +837, p=0.004; Figure 2B). The results were
consistent when analyzing the number of procedures performed per residency year (=case-
year index; 521 £787 (before) vs. 221 +124 (after), p=0.003).

Discussion

This survey set out to explore how many procedures European neurosurgical trainees
perform throughout residency. Here, we provide first numbers that enable current and future
trainees to compare their own surgical exposure with the European average and to react, if
their numbers are insufficient. Furthermore, our results substantiate ongoing speculations
about a decrease in case-load over time with actual data: we found a strong decline of
around 65 cases/year between 1976 — 2018 and the drop in case-load was significant after
introduction of the European WTD 2003/88/EC. Particularly striking was the finding that
before introduction of the European WTD 2003/88/EC, the previously proposed aim of 250—
300 procedures per year per resident was by far exceeded, while it was not reached

anymore afterwards.

The motivation to conduct this survey primarily derived from discussions with trainees at
multiple EANS events over the last years. Here, significant inter-individual differences in the
number of surgical procedures and the degree of responsibility emerged. However, it
remained unclear how many cases would be “normal” among the peer group of trainees.
Moreover, in a prior survey we had noticed a relatively low confidence level of European
residents when entering the life of responsibility as attending neurosurgeons, which resulted
from a perceived deficit in hands-on operative experience.[5] To the question whether
residents felt well-prepared to work on their own responsibility after residency, only 75 of 452
responders (16.6%) answered “yes, surely”, whereas 100 (22.1%) answered “yes, if surgical

exposure improved”, 16 (3.5%) answered “yes, if theoretical training improved”, 120 (26.6%)
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answered “yes, if both improved”. More than one-third indicated not feeling enough prepared,
mostly due to lack of hands-on operative training (100; 22.1%), less so for too little
theoretical knowledge (9; 2.0%), or both (32; 7.1%).[5] Todays options with regards to
theoretical training are abundant, with the increasing number of EANS courses, availability of
e-learning platforms, and e-content on the EANS academy, besides further options on a local
or national level or provided by the industry.[5, 23] Thus, it emerged to us that especially the
practical aspects of neurosurgery training appear to offer room for further improvement,
which is why this was focused on here.

Self-assessment of residency case-load

The information contained in Tables 2 & 3 enable each current or future neurosurgical
resident to critically evaluate his/her individual training situation and ranking within his/her
peer group of European co-residents. It points out the average number of each kind of
surgical procedure with confidence intervals, indicating the range in which case numbers of
95% of responders from Europe fall, until the end of their residency. The practical application
of this is evident: should an individual neurosurgical resident realize that he/she falls below
this reference frame on any of the categories — meaning that his/her hands-on training in this
particular field is inferior to the training of his/her European peers — he/she should discuss
this shortcoming with his/her chairperson and find ways to compensate for this deficiency,
e.g. by a rotation to a different hospital or by organizing a dedicated fellowship. On the
contrary, the tables can also help to identify particular strengths of each resident’s training
program in terms of “hands-on experience”. For example, a typical European neurosurgical
trainee should have participated on 30—46 cranioplasty procedures until the end of residency
(mean 38), assisting 10-17 (mean 13), performing between 9-14 under supervision (mean of
11) and 10-17 independently (mean 14). The numbers reported in the table — despite the
limited number of responses so far — compare well with our personal experience, lending
credibility to the results.

Despite the power that lies in this data, some words of caution are required, too. First,
case-load estimations base on a survey sample and we have no means of controlling how
correct they are. Second, every hospital has a certain focus, and while lagging behind in one
aspect of neurosurgery, the same trainee might outperform his/her peers in a different field
with particular local expertise. Falling below average on a single item therefore is not equal to
unfavorable training conditions in general. Lastly, the numbers provided in Tables 2 & 3 are
averages calculated across all years, but there is a decrease in surgical case-loads over time
during residency (Figures 1 & 2). As the survey hopefully receives more responses in the

future, this would enable us to calculate specific reference values for the current decade, as
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well as tighter confidence intervals for those categories that still have a wide spread of data

for now.

Time trends in case-load

There was a decrease in surgical case-load over the period from 1976—2018 that our survey
spans and the majority of European neurosurgical trainees today do not participate in the
recommended number of operations per year (Figure 1). Such a development has been
expected, and it is typically attributed to the government-enforced restriction in working time.
Correspondingly, our data indeed indicate a significant association between the introduction
of the WTD and a lower case-load (Figure 2A&B).

Restrictions of maximum working time were introduced for the best of intentions in
Europe and the United States (US), but are often criticized to interfere with the inevitably long
and intense neurosurgical training. In a survey among US neurosurgery residents and
program directors around two years after introduction of an 80h/week restriction (besides
other regulations), the perceptions suggested that neurosurgery training was negatively
affected by around 60% of residents and 80% of program directors.[2] In the same study,
60% of residents felt that their exposure to complex cases was decreasing. When we
previously surveyed a sample of n=458 European neurosurgery residents about their opinion
on the working hour restrictions to 48h/week by the European WTD 2003/88/EC — also
roughly two years after its introduction — about a third (29%) indicated being satisfied, 11.4%
preferred to reduce working time even more, and 4.6% had no opinion. More than half (55%),
however, indicated their preference to work more hours/week, provided this time was spent
to enhance their clinical/surgical education (operation room (OR) exposure) and not used for
administrative work.[22] Subgroup analyses identified those responders to desire more
working time that regarded their hands-on surgical training insufficient, who felt unable to
take over responsibility yet, and who expressed sorrows regarding future career options (all
p<0.009).[22] The preference of many to work more could therefore be interpreted as a
reaction towards insufficient hands-on OR exposure.

It is evident that opinions vary with regards to working time, but the large proportion of
residents that would be willing to work even longer hours also indicates a devotion to the
specialty of neurosurgery. European trainees seem to realize that in this extremely sensitive
profession, extraordinary experience and high competence to ensure safe patient care can
only be attained and maintained by sacrifice of time. In addition, residents may have
understood that attempts to mandate a “shift-worker” mentality run contrary to the complex
and unpredictable nature of neurological illnesses.

It remains unclear from this work, however, whether the decrease in case-load can be

attributed solely to the restrictions in working time. In particular, our previous survey identified
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poor compliance with the 48h workweek by only 37.6% of European residents.[22] Other
reasons may factor into this result, including the subsequent increase in number of residents
per department [16] — that may also be an indirect result of the WTD — but also the loss of
traditionally “surgical candidates” to modern non-surgical therapeutic alternatives (e.g., by
advances in radio-, chemo- and/or immunotherapy in neuro-oncology, endovascular
treatment for cerebrovascular pathologies, decreasing incidence & prevalence of
neurological diseases by change in lifestyle and primary prophylaxis etc.). Besides
operational efficiency & economic goals that are increasingly imposed on attending surgeons
even in dedicated teaching hospitals, private hospitals additionally compete for operative
cases in most regions within an increasingly vying health-care market,[24] which negatively
affects surgical training. Last but not least, junior attending surgeons, who graduated after
introduction of the WTD, are now increasingly employed at teaching hospitals. They try to
gain substantial operative experience during their first years of practice in order to
compensate for the lower case-loads during their own residencies, further negatively
impacting the training of their residents. These developments have provided disincentives for
attending surgeons to grant residents increased roles in care. Whether the implementation of
modern technologies in the OR, such as e.g., neuronavigation, intraoperative magnetic
resonance imaging or preoperative case-specific 3D-printing, might be able to partially
compensate for the smaller case-loads — as didactics of surgical planning is improved — is
yet to be proven. However, the convergence of named factors has altered the landscape of

neurosurgery training.

How to improve surgical training

This article intends to stir some thought processes on how to maintain neurosurgical training
at a high level while maintaining patient care. The current development with lesser cases per
resident per year points towards a limited number of possible solutions.

First, operative involvement of residents could happen at an earlier time during
training than today, according to a “fast-track Halstedian model” where residents are
gradually entrusted with increasing responsibility from day 1 of residency onward. A proper
preparation would seem necessary, however, possibly starting to subspecialize some
medical students into surgery already at the University level and provide them with ample
general surgical skills before starting neurosurgical residency, e.g. by “neurosurgical boot-
camps”. A steady progression and close monitoring and mentorship would be required to
ensure development of expert technical skills over a relatively short mean residency-period
of six years. Theoretical and simulator-based training sessions can pave the way and there is
some evidence that simulation-courses can improve both knowledge and skills in areas that

typically fall short in residency, such as suturing micro-anastomoses, etc. [28] Still, surgical
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maturation essentially requires comprehensive involvement in the “real-world” OR
environment, too. A number of recent publications indicate that for a large variety of
procedures early resident involvement — under supervision — does not come at the cost of
higher complications or worse patient outcomes.[6-11, 14, 20, 25-27] According to our
personal experience, US and UK residents participate in the OR to a greater extent than
many other European sites and recent data underpins this: a study conducted in Boston
showed that resident involvement in general surgery was substantial, performing the majority
of important surgical steps (range: 86%-97%), including opening, dissection of minor and
major anatomical structures, major suturing, incision closure.[12] An increasing tendency of
European trainees to participate in international exchanges and fellowships may support a
gradual change in the traditional European mind-set where the concept of “see one, do one,
teach one” is more distorted with residents frequently observing master surgeons elegantly
performing surgery, but having little opportunity to develop own manual dexterity.

Second, residency could be prolonged in order to account for the decline in surgical
cases per year. Similar to the UK model, other European countries might upgrade their
residency time from 5-6 years to 7-8 years. This model was not preferred by n=532
European trainees, however, as most (45.5%) considered residency length sufficient if more
time was spent with practical neurosurgery (and less so with administrative/paper work).
Further 18.1% voted against a residency prolongation for its recoiling effect on students to
sign up for neurosurgery training, among other reasons. Only 17.5% were in favor of
residency prolongation.[22]

A third option could be the progressive introduction of fellowship training in Europe
where — similar to the US model — the aim of residency is to gain basic skills on the broad
field of neurosurgery, with sub-specialization afterwards by dedicated fellowships. The latter
is typically conducted in one or two specific areas of expertise that are later covered during
the professional career. Again, data from the US show that in vascular surgery — a surgical
field that competes similarly with the rise of endovascular treatment options — dedicated
programs where cases are concentrated allow fellows to acquire sufficient case-loads.[3]
Option three is similar to option two. However, it is more appealing to residents, as they are
promoted in status. In addition, with international applications for fellowship positions, such a

model would strengthen exchange and collaboration on a European and global scale.

Strengths and Limitations

This survey is the first of its kind to collect information on actual surgical case-loads
throughout Europe. Despite considerable efforts to distribute the survey using multiple
channels over the course of eight months, we have — so far — received a relatively limited

number of 180 responses, of which only 80 could be included in the analysis. This may be
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due to the fact that it takes some effort for responders to look up the exact case humbers in
old folders that may be stored away. The fact that over the last years an increasing number
of neurosurgeons have used electronic documentation systems for their operative cases,
making survey participation easier, can be appreciated by an increase in responders that
finished residency within the last 5 — 10 years.

The low response rate raises the possibility of a selection bias with the average
responder possessing certain traits, which increase the likelihood of them participating.
Specifically, it is conceivable that neurosurgeons that are sensitized for the topic “residency
training” — be it for positive or negative experience made — are more likely to participate, as
they personally perceive this topic as important. The responders were predominantly male,
although especially during the last years the number of female neurosurgeons is
increasing.[19] Despite these limitations, the data we were able to obtain raise several
important issues, as outlined above.

The numbers presented contain actual numbers (record-based) and best estimates
combined, the accuracy of latter we do not know. Individual data appeared in clusters and

there were few outliers, indicating that estimates should be reasonable.

We decided to present some preliminary but interesting findings here already, also in an
intention to advertise the survey and provide transparency regarding its intentions. It is our
aim to find ways and improve surgical training for the future generation of European
neurosurgeons and this work helps to assess the status quo. We hope that this publication
attracts many more potential responders to provide their numbers and increase the
robustness of calculations in the near future. More information on participating in the survey
can be found below the article text.

We are conscious of the fact that it makes no sense to insist in rigid “old-school’
training models that request the same conditions for current trainees as they were in the
1980s or 1990s. A quantity in caseload as high as in the past might not be necessary
anymore, taking into consideration today’s increase in teaching quality, ample possibilities
today to prepare and (video-)review a case after surgery, interact with local and international
colleagues in real-time. Also, follow-up of patients and outcome assessments have improved
today, providing invaluable feedback on decision-making in individual cases. Therefore,
despite the visible decline in caseload, this must not mean that the quality of training is
automatically worse; it might be similar or even superior today and this survey provides no

answer for this.

Conclusion
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The preliminary analysis of the first 80 responses now provides a first reference frame for
case-load that can be used by current and future residents to critically compare their own
operative numbers to. There was a strong decline in surgical cases over time, and trainees
graduating after introduction of the European WTD 2003/88/EC had less surgical exposure.
The survey remains open under https://www.surveymonkey.com/r/RIMSLCG and we invite

further European neurosurgeons to provide their data in order to get even more robust

estimates.
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Figure legends

Figure 1: Linear predictions plot with 95% confidence intervals (CI), illustrating time trends
(x-axis: year of residency graduation) in annual case-load (y-axis: number of
procedures/year) for European neurosurgical residents. The fitted line indicates a decrease
in case-load over time. In a linear regression model, there was an annual decrease of about
13 cases (Coeff. -13, 95% CI -24 — -2, p=0.018). The red reference lines indicates the
proposed threshold for adequate surgical training, ranging around 275 (250-300) per year
and resident.[16]

Figure 2: Bar charts. A) lllustration of the mean total number of surgical procedures (y-axis)
performed throughout residency before and after introduction of the European Working Time
Directive (WTD) 2003/88/EC (x-axis). It was higher before as compared to after introduction
of the WTD 2003/88/EC (2797 vs. 1418, p=0.005). B): lllustration of the mismatch between
expected vs. observed mean total number of surgical procedures (y-axis) performed
throughout residency before and after introduction of the European Working Time Directive
(WTD) 2003/88/EC (x-axis). It was positive before and negative after introduction of the WTD
2003/88/EC (1147 vs. -285, p=0.004).
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