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Innovation in Neurosurgery: less
than IDEAL? - a systematic review

Ivo S. Muskens BSc, Sander ]J.H. Diederen MD, Joeky
T. Senders BSc, Amir H. Zamanipoor Najafabadi BSc,
Wouter R. van Furth MD PhD, Anne M. May PhD,
Timothy R. Smith MD PhD MPH, Annelien L.
Bredenoord PhD, Marike L.D. Broekman MD PhD ]JD

Introduction: Surgical innovation is different from introduction of novel pharmaceuticals.
To help address this, the IDEAL Collaboration (Idea, Development, Exploration, Assessment,
Long-term follow-up) introduced in 2009 the five-stage framework for surgical innovation.
To evaluate framework feasibility for novel neurosurgical procedure introduction, two in-
novative surgical procedures were examined: endoscopic endonasal approach for skull
base meningiomas (EEMS) and the WovenEndobridge (WEB device) for endovascular treat-
ment of intracranial aneurysms. Methods: The published literature on EEMS and WEB de-
vices was systematically reviewed. Identified studies were classified according to the IDEAL
framework stage. Next, studies were evaluated for possible categorization according to the
IDEAL framework. Results: 576 papers describing EEMS were identified of which 26 papers
were included. No prospective studies were identified and no studies reported on ethical
approval or patient informed consent for the innovative procedure. Therefore, no clinical
studies could be categorized according to the IDEAL Framework. For WEB devices, 6229
articles were screened of which 21 were included. In contrast to EEMS, two studies were
categorized as 2a and two as 2b. Conclusions: 576 papers describing EEMS were identified

Parts of this chapter have been published in Acta Neurochirurgica 159, 1957-1966 (2017)
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of which 26 papers were included. No prospective studies were identified and no stud-
ies reported on ethical approval or patient informed consent for the innovative procedure.
Therefore, no clinical studies could be categorized according to the IDEAL Framework. For
WEB devices, 6229 articles were screened of which 21 were included. In contrast to EEMS,
two studies were categorized as 2a and two as 2b.

Introduction

oday, it is unusual to perform neurosurgical procedures in most countries without
Taccess to an operative microscope, state of the art neuro-navigational systems,
or even hemostatic agents such as a bipolar electrocautery device. In fact, techno-
logical innovation has been the hallmark of neurosurgery, and the vast majority of
procedures that are currently considered routine would not be possible at all without
innovation. However, not all innovation is an improvement over the technology it
seeks to supplant. Evidence of patient outcome superiority is often lacking or non-
existent in the real-time of innovation. In neurosurgical disease, low incidence and
high burden may further hinder systematic evaluation of any new technique. Re-
gardless of these difficulties, it is vital that new technology and procedures undergo a
strategic and ethical clinical introduction.! As surgical innovation does not typically
follow the same introductory path as novel pharmaceuticals, the IDEAL Collabora-
tion, formed by surgeons and methodologists, introduced the IDEAL (Idea, Develop-
ment, Exploration, Assessment, Long-term follow-up) framework in 2009 and have
published several updates since.>® The goal of the collaboration is to improve surgi-
cal research, especially research surrounding innovation, and to overcome obstacles
and methodological problems inherent to surgery.>?

The IDEAL framework describes five stages through which interventional thera-
peutic innovations typically pass, together with the characteristics and study design
of each stage (Table 10.1, adapted from McCulloch et al.).>® Any study involving non-
human pre-clinical assessment of a novel technique, including simulator or animal
studies, is regarded as stage o. Stage one describes a proof-of-concept study in the
first human patient. Stage 2a consists of a prospective study in up to thirty patients
conducted by surgeons responsible for the earlier stage(s). Involving surgeons with
no prior experience in a larger prospective study usually takes place in stage 2b to
assess learning curve and further develop the procedure. In stage 3, the procedure
should be stable and is investigated in a randomized controlled trial (RCT) that com-
pares outcomes of the innovative procedure with the gold standard. Assessment of
rare and long-term outcomes takes place in stage 4 (Table 10.1).>7

To assess whether the IDEAL framework has been used two different neurosurgi-
cal procedures were evaluated: endoscopic endonasal approach for skull base menin-
giomas (EEMS) and the use of Woven Endobridge (WEB device, ©Sequent Medi-
cal) for endovascular treatment of intracranial aneurysms. Traditionally, skull base
meningiomas are resected using an open transcranial microscopic approach.® How-
ever, recently, EEMS has been introduced and has gained some traction in neu-
rosurgical literature.® The WEB device is a new option for intracranial aneurysm-
treatment, consisting of an unfoldable, detachable metallic mesh that is placed into
the aneurysm neck leading to flow disruption.® The WEB device was especially de-
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veloped for bifurcation and wide neck aneurysms as an alternative to traditional clip-
ping or coiling.? Since the two innovations, one a device and the other a procedure,
are used in different fields of neurosurgery and were recently introduced, we chose
these two as examples for neurosurgical innovations in general.

In this review, published literature on these two procedures was evaluated to as-
sess whether they were introduced according to the stages of the IDEAL framework.

Table 10.1: The IDEAL Framework

1:Idea

2a: Development

2b: Exploration

3: Assessment

4: Long-term study

Purpose  Proof of concept Development Learning Assessment Surveillance
Number and types = Single digit, Highly Few; selected Many; may expand to Many; expanded All eligible
of patients selected mixed; broadening indications
indication
Number and types Very few; innovators Few; innovators and  Many; innovators, Many; early majority  All eligible
of surgeons some early adaptors  early adaptors, early
majority
Output Description Description Measurement; Comparison; Description; audit;
comparison Complete regional variation;

Intervention

Evolving: procedure
inception

Evolving; procedure
development

Evolving; procedure
refinement;
community learning

information for non
RCT participants
Stable

quality assurance;
risk adjustment

Stable

Method  Structured case Prospective Research database;  RCT with or without  Registry; routine
reports development studies explanatory or additions/modificatio database; rare-case
feasibility RCT ns; alternative reports
designs
Outcomes Proof of concept; Mainly safety; Safety; clinical Clinical outcomes; Rare events; long-
technical technical and outcomes; short- middle-term and term outcomes;
achievement; procedural success term outcomes; long-term outcomes; quality assurance
Disasters; dramatic patient centered patient-centered
successes outcomes feasibility outcomes; cost-
outcomes effectiveness
Ethical approval Sometimes Yes Yes Yes No
Adopted from McCulloch (2009)>
Methods

Search strategy and paper selection
T his systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) statement.® The liter-
ature search for EEMS was conducted in PubMed and Embase up to 11-26-2015, using
the following keywords: endoscopy, neurosurgery, endo- and transnasal and menin-
gioma. search strategy provided in Supplemental Table 10.4 and 10.5. This search
strategy resulted in 576 unique papers. In addition, bibliographies of included papers
were screened for relevant papers. For WEB devices, a search was conducted in the
same search engines on 05-29-2016 using the keywords: WEB device, endovascular
treatment, intracranial aneurysm as depicted in Supplemental Digital Content Table
1b. This resulted in 6229 articles. These papers were supplemented by hand search-
ing of the bibliographies of the papers retrieved by the electronic search. This review
was restricted to published data. Only papers written in English, Dutch, French, or
German were considered for this review. The search was not limited by date of pub-
lication. Titles and abstracts of retrieved citations were screened by two authors, and
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potentially suitable studies for EEMS were read in full by IM and SD and for WEB
device by IM and ]S. We included papers that solely focused on EEMS as depicted
in Figure 10.1.° For WEB devices we included papers reporting outcomes of treated
aneurysms as described in Figure 10.2."° Disagreements were solved by reviewer con-
sensus.

Figure 10.1: Flowchart

Clinical articles on outcomes of endoscopic endonasal meningioma
resection

)
=
.g Records identified through Pubmed Additional records identified through
D on 11-26-2015 (n = 190) PUBMED on 11-26-2015 (560)
=
=
Q
S
—
A4 v
Records after duplicates removed in
Endnote® X7.5 (n = 576)
oo || Inclusion criteria:
g e Clinical studies v
$ reporting outcomes
5 or experience of Title/abstract screen Records excluded
2 meningiomas (n=576) (n =466)
resected
( ) endoscopically and
endonasally A\ 4
* Anterior skull base Full-text articles assessed 84 Full-text articles
meningiomas for eligibility excluded, with reasons
- e Exclusively (n=110) e Congress abstract (n
= meningioma =23)
ED Exclusion criteria: e Not anterior skull
m e  Full text availability in base (36)
English or Dutch , e Not purely
M e Case-report o ] endoscopic (n =4)
e Congress abstract Studies included in e Reply/commentary
e Review qualitative analysis (n=7)
e Reply/Commentary (n=26) e Duplicate in
o] e Endoscopically population (n = 3)
§ e Not clinical study (n
2 =11)
£
—

Flowchart of study selection process of included articles on endoscopic endonasal

meningioma resection®
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Figure 10.2: Flowchart

Clinical articles on outcomes of intracranial aneurysms treated with a WEB
device

=
.g Records identified through Pubmed Additional records identified through
s on 29-05-2016 (published from EMBASE on 29-05-2016
f‘é 2011) (n=3512) (published from 2011) (n = 5254)
]
)
—
A4 v
Records after duplicates removed in
Endnote® X7.5 (n = 6229)
oo || Inclusion criteria:
£ . Articles
c : v
(7] reporting data
g on outcomes of Title/abstract screen R Records excluded
2 intracranial (n=6229) (n=6141)
aneurysms
. Treatment with
solely WEB v
device Full-text articles assessed 67 Full-text articles
. Clinical and for eligibility excluded, with reasons
- pre-clinical (n=88) . Congress
% studies abstract (n =
W Exclusion criteria: 15)
w e  Full-text . No WEB
unavailability in , device used (n
I English or Dutch =23)
e Case-report Studies included in . Review (n =
e Congress abstract qualitative analysis 11)
(n=21) . No clinical
- outcomes
e reported (n =
= 5
o
=
—

Flowchart of study selection process of included articles on WEB device

Study assessment

Relevant studies were reviewed full text to determine if a study could be classified
according to an IDEAL stage by two authors (IM SD for EEMS and IM ]S for WEB
devices).> The following criteria were used to classify studies according to the five
stages. Pre-clinical studies were classified as stage o and proof of principal in 1 patient
was regarded as stage 1 if informed consent had been obtained.2 Studies were classi-
fied as stage 2 if ethical approval for a prospective study and informed consent for an
innovative procedure from included patients had been obtained. Studies with up to
20 patients were classified as stage 2a, and those with more than 20 patients as stage
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2b. Studies that compared EEMS or WEB devices with the current gold standard in a
prospective fashion were regarded as stage 3. As an RCT may not have been feasible
for ethical or pragmatic reasons, we also evaluated studies with different designs.>4.
Long term follow-up studies were categorized as stage 4. In addition to study de-
sign, ethical approval and informed consent, all studies were evaluated for reporting
surgical or radiological outcomes for EEMS and WEB devices studies, respectively.
Disagreements were solved by consensus discussion.

Results

or For EEMS, 576 abstracts and titles were screened, 110 were examined full-text
F and 26 papers were included (Figure 10.1)."3% Two cadaveric studies were cat-
egorized as stage 0. No studies were categorized as stage 2, as none of the in-
cluded studies reported outcomes of a prospective study with adequate informed
consent.33% Even though four studies compared EEMS with an open transcranial
approach, they did not do this in a prospective fashion and no RCTs could be
identified.'4'7'827 Furthermore, there were no studies that examined long-term out-
comes and therefore no studies were categorized as stage 4 (Table Table 10.2). All
other studies could not be categorized into an IDEAL stage.

For WEB devices 6229 abstracts and titles were screened, 88 articles were exam-
ined full-text and 21 papers were included (Figure 10.2).9375° preclinical studies us-
ing rabbit models were classified as stage 0.373® One study that acquired informed
consent for treatment of two patients was categorized as stage 1, but did not describe
the clinical problem that needed a solution.® Two studies with ethical approval for
a prospective study and informed consent of included patients, were categorized as
stage 2a.3957 The studies with larger populations that reported the outcomes of the
WEBCAST trial and the French observatory trial were categorized as stage 2b.535* All
other studies could not be categorized into an IDEAL stage and no studies were cat-
egorized as stage 3 or 4 as no comparison was made with other treatment modalities
and no long-term outcomes were evaluated (Table 10.3).

Discussion

he results of this systematic review demonstrate that both the endoscopic en-
T donasal transsphenoidal approach for resection* of skull base meningiomas and
WEB devices were not introduced according to the IDEAL Framework. Not only could
not all IDEAL framework stages be identified, some of the early pre-clinical studies
(stage o) were performed long after the description of the first-in-man studies (for
EEMS) or after publication of prospective studies (WEB devices)."»'>3738 Perhaps un-
surprisingly, only five clinical studies could be categorized into an IDEAL stage. WEB
device studies followed the IDEAL Framework more closely than EEMS, but only up to
stage 2b.9:395%53:54 [n addition, only six WEB device studies acquired ethical approval
for a prospective study in line with the IDEAL framework 394559545358 No study re-
ported patient selection for EEMS compared to five WEB device studies.45475%53:54
Furthermore, no studies were categorized as stage 3 as no clinical study (of either
procedure) was a prospective comparison with
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Table 10.2: IDEAL Framework recommendations and Endoscopic Endonasal Meningioma Surgery

Author (vear of publication)
Cavallo et al. (2005)

Jacquesson et al. (2015)
Alexander et al. (2010)

Bowers etal. (2011)

Chowdhury et al. (2012)
Cook et al. (2004)

De Almeida et al. (2015)
De Divitiis et al. (2008)

De Divitiis et al. (2008)
Fernadez-Miranda et al. (2012)
Gadgil et al. (2013)

Gardner et al. (2008)

Julian et al. (2014)

Khan et al. (2014)
Koutourousiou (2014)
Koutourousiou (2014)

Mortazavi et al. (2015)
Ogawa et al. (2012)
Ottenhausen et al. (2014)
Padhye et al. (2012)
Prevedello et al. (2007)
Van Gompel et al. (2011)

Wang et al. (2009)

Wang et al. (2010)

Wang et al. (2015)

Webb-Myers et al. (2008)

< participants (N=)

o

27

3
20
51

11

5
35
1

46
75
50
27
19
20
15
1
13
7
12
1
1

Ethical approval for
prospective study

zZ Z
> >

2222222 2Z2z22Z2222Z2zZ2Z222Z2z Z2zZ22z22Z2ZZ

5
S 3
7%
g g
S =
S
=2
QS
=R
= >
e <
‘E:
= g
NA

z 72z 2222722272222 222722272 Z2722ZZ ZZZ

>

Described surgical outcome

NA

Tl T o S T o I I A Sl '-<>-<:(2>1

Randomized controlled trial

NA

Z
>

z2z2Z2Z2z22z22z22Z2Z2zZ222Z2Z2z22Z222Z2z Z2zZ22z22ZZZ

© < Awarded IDEAL stage

None
None

None
None
None
None

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Legend:The Y (Yes) means the study meets the IDEAL framework recommendations.The N
(No) means the study did not meet the IDEAL framework recommendations, NA: Not
applicable
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Table 10.3: IDEAL Framework recommendations and the WEB device

— 4)
. 5§ z
£, <% @ z
T =€ 538 =3 -
4 > = ©n o ',a = <«
~ I = o= =
2 5o g & £ TE a
= =Sz o ¢ 0= N =
< = =2 >3 7] =
=" - o = - g = o
5¢ Ef TE 2§ =
T 28 €2 g£ =% z
.. = 2 5 S = 5 = é S <
Author (vear of publication) ™ M e == ° ©
Dingetal. (2011) 24 NA NA NA N 0
(rabbits)
Rouchaud et al. (2016) 80 NA NA NA N 0
(rabbits)

Ambrosi et al. (2015) 10 Y Y Y N 2a
Behme et al. (2015) 52 N N Y N None
Caroffetal (2014) 6 N N Y N None
Caroffetal. (2015) 98 N N Y N None
Clajus et al. (2016) 108 N Y* Y N None

Collaetal. (2013) 4 N N Y N None
Gherasim et al. (2015) 10 Y N Y N None
Kabbasch et al. (2016) 43 N N Y N None

Klischetal (2011) 2 N Y Y N 1

Lawson et al. (2016) 23 N N Y N None
Lescher et al. (2016) 22 N N Y N None
Liebigetal (2015) 47 N N Y N None

Lubicz etal. (2013) 19 Y Y Y N 2a
Papagiannaki et al. (2014) 83 Y N Y N None
Pierotetal (2013) 33 N N Y N None
Pierot et al. (2015) 45 N N Y N None

Pierotetal. (2016) 51 Y Y Y N 2b

Pierotetal. (2016) 62 Y Y Y N 2b
Van Rooij et al. (2016) 32 N N Y N None

Legend:The Y (Yes) - symbol means the study met the IDEAL framework recommendations.
The N (No) - symbol means the study did not meet the IDEAL framework recommendations.
*Informed consent was only obtained in cognitively intact patients

the gold standard or was an RCT.

We believe that this is not unique to these two procedures specifically, or to neu-
rosurgery in general. For instance, a study investigating literature on laparoscopic
colonic polyp resection* found that its introduction into widespread use also did not
follow the stages and recommendations of the IDEAL framework.59

The introduction of novel neurosurgical techniques that result in a paradigm
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change, i.e. the first endovascular treatment of aneurysms, could be introduced ac-
cording to some predefined framework such as IDEAL. However, in reality, novel sur-
gical techniques are often the result of small stepwise changes to existing approaches
(e.g. EEMS and the transcranial approach to pituitary adenomas). This makes it chal-
lenging to introduce innovations as EEMS according to all requirements of the IDEAL
framework. Adherence to the IDEAL framework might not only be challenging be-
cause of small stepwise changes of existing approaches but also because of a lack of
a universally accepted definition of neurosurgical innovation in general.

A major change in endonasal surgery was the introduction of the endoscope, in
particular for pituitary adenomas.®® With expansion of endoscopic technique and
experience, a wider spectrum of tumors became resectable through the endonasal
approach. However, in retrospect, one could argue that EEMS is indeed a valuable
alternative to a classic craniotomy for specific indications.

The WEB device is also example of expanding endovascular experience, and be-
cause of new endovascular devices a wider array of pathologies is treatable. Com-
pared to EEMS, WEB devices were studied in a prospective fashion with patient in-
formed consent.39:5%535¢ However, the WEB device is already used clinically despite
lack of comparison with other treatment options (a stage 3 study).#>45° The impor-
tant question is whether this new technique could have been rigorously compared to
established techniques prior to wide-spread adoption.

Opverall, this review suggests that neurosurgical innovation (at least for the two
procedures evaluated here) has not historically followed the IDEAL framework. On
the one hand, this could simply be caused by a lack of awareness of the framework.
On the other hand, a different distinct possibility for this could be related to feasi-
bility. The IDEAL collaboration recognizes that, in order to improve the quantity
and quality of surgical research, these proposals/recommendations would have to be
practical and adapted to the process of innovation.> Indeed, the IDEAL Collabora-
tion supports several recommendations for specific (alternative) study designs and
reporting standards at different stages of the framework.>* These alternatives could
contribute to the quantity and quality of neurosurgical research.

At the innovation stage (stage 1), the recommendations include online registries
for first-in-man innovations. No reports on the entry of a study in a registry were
found in our review. Often in neurosurgery innovations take place in an acute set-
ting, and only in retrospect is there clarity with regards to the innovation itself. How-
ever, it is possible that future innovations could be entered in a registry, especially
in the case of new devices like the WEB device. Registries could help reduce positive
reporting bias inherent to new innovations. Reports of both successes and failures of
new technology are useful for ethical innovation.

At the second development stage recommendations include: prospective devel-
opment studies, protocol and study registries for prospective development studies
in surgery and development of agreed reporting standards and definitions for key
outcomes.>’ These recommendations were not met for the introduction of EEMS
and by only four studies for WEB devices.39:5%:53,54

Again, not all of these recommendations may be possible in neurosurgery. How-
ever, protocol and prospective study registries are feasible in the neurosurgical field,
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and could help ensure that clinical results of all patients are transparent and method-
ologically sound. Furthermore, novel techniques could be reported using profession-
ally accepted reporting guidelines for prospective (and if inapplicable, retrospective)
studies that favor clear interpretation of the study design and study results. Also,
open comparison of individual studies and applicability of the reported outcomes
would be useful. Key, patient-centered, outcomes for various pathologies result in
research with comparable and clinically meaningful results.

All studies described the surgical outcomes, and this is outstanding. One next
step could be to unify informed consent and outcomes reporting, which should in-
clude both positive and negative findings, for emerging innovative procedures. Fur-
thermore, one could argue this process should be done in a more uniform manner
across the neurosurgical field. One method might be the use of centralized regu-
lation as seen with medical device approval by the Food and Drug Administration
(FDA).%>%3 Alternatively, institutions or neurosurgical societies could create guide-
lines for reporting of trial registration, prospective design, and patient registries, ef-
fectively following the IDEAL framework to a certain extent.> Nevertheless, informed
consent and ethical approval for a prospective study is, we believe, something that
should always be feasible when evaluation a new neurosurgical procedure.

No prospective randomized studies or RCTs, the 'default option’ at the third or
exploration stage of the IDEAL framework, were identified.> This may be one area
of the IDEAL framework that is not completely feasible in all types of neurosurgi-
cal innovation. As discussed, innovation occurs by incremental but gradual changes
over a prolonged period of time, and an RCT may not be the preferred study de-
sign for numerous reasons: 1) It is ethically challenging and practically impossible
to compare EEMS to an open approach as the endonasal approach is not applica-
ble to all patients; 2) The number of patients with skull base meningiomas is rela-
tively small, which makes it difficult to recruit enough patients for proper statistical
analyses; 3) The difference in outcomes between an open and endonasal approach
might be small and therefore difficult to prove, especially with point 2 in mind; 4)
There could be a lack of clinical equipoise; 5) Surgeons might not be willing to par-
ticipate because of personal treatment preference or experience;** 6) Surgeons have
different skill levels; 7) The location, extend and size of meningiomas varies, com-
plicating inter-patient comparability and randomization, again complicated by point
3; 8) Concomitant factors can change during the trial, e.g. innovation in anesthesi-
ology and perioperative care;®>%® g) Improvement of endoscopic endonasal menin-
gioma surgery is a constantly evolving process with differences in every center, which
contributes to the often reported difficulty in standardization for innovative surgi-
cal procedures, it is inefficient to conduct a RCT for every incremental technologi-
cal advance, and the incidence of these lesions is quite low.%® For these reasons, a
"classical” RCT in low-volume-highly-complex-cases as with skull base meningioma
resection*s or similar procedures might not be feasible. However, the IDEAL col-
laboration endorses various alternatives to this trial design at the third stage. These
include case-matching studies and controlled interrupted-time series designs, but
also modified RCTs with Baysean modifications to recruitment, randomization, or
analysis.> These study designs might be useful in neurosurgical innovation. Espe-
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cially the introduction of prospective research databases and collaborative studies,
endorsed by the IDEAL collaboration, seem valuable for low-volume-highly-complex
surgeries as skull base meningioma resections. Also, the recommended additions
to the RCTs that include learning curve evaluation, quality control and compliance
measures, could be feasible and helpful for innovations as EEMS.

Even though an RCT for WEB devices could be challenging, especially because of
the above-mentioned reasons 3-9, an RCT is possible and could have been conducted
prior to wide-spread European adoption.® However, in the absence of a traditional
RCT, a Baysian RCT, or registry could have also been helpful to establish its efficacy
and safety. In fact, application of all stages of the IDEAL framework in a more strate-
gic fashion could be possible in technological innovations like the WEB device. To
date, the WEB device appears to be efficacious and safe, but a more rigorous and
transparent process for introduction of this type of technology could potentially help
prevent deleterious outcomes, as seen with the Poly Implant Prothése (PIP) breast
implants and metal-on-metal hip prostheses.®7® Currently, proof of safety and effi-
cacy is required by the FDA for Class III devices (the most invasive devices), but this
is not standardized.®>%3 Therefore, a change in regulation that results in a closer ad-
herence to the IDEAL framework could lead to a more uniform implementation.> At
the fourth or long-term study stage, the emphasis is on rare and long-term outcomes.
We did not identify any (stage 4) studies reporting long term outcomes of EEMS or
WEB devices. We believe that in addition to a closer adherence to the 'IDEA’ part of
the IDEAL framework, attention for the long-term outcomes of innovations such as
EEMS or WEB devices would greatly benefit innovation in neurosurgery. Registries
are an appropriate study design for this purpose, although representativeness of the
data is a potential limitation. Efforts made to ensure that data entry is complete helps
strengthen the representativeness of the registry.? Reporting fatigue can compromise
comprehensive data collection, and therefore, the development of concentrated, out-
come relevant registries are optimal. Also, the use of registries with patient informed
consent for surveillance of specific established techniques in neurosurgery is desir-
able, especially for use of new materials like the WEB device. In general, innovation
in low-volume-highly-complex (neuro)surgical cases might benefit from alternatives
to traditional RCTs. For example, in a "cohort multiple RCT” some, but not all, pa-
tients are randomly assigned to a specific treatment and are followed-up regularly
over time, blending a RCT with a observational study with some of their respective
benefits.”°7> A potential stage 3 study on a low-volume-highly-complex surgical inno-
vation could include the following: 1) patient informed consent; 2) ethical approval; 3)
strict definition (and registration) of indications for treatment 4) prospective obser-
vational design; 5) registration in a trial registry; 6) random allocation of a standard
treatment group or the well-defined innovative procedure; 7) regular follow-up on
relevant outcomes to patients; 8) reporting of all outcomes and 9) collaboration of
multiple centers.

This, however, does not address the issue of which innovative procedures merit
such a study. "Big data” could fill the gap with regards to identification of trial-worthy
innovations. The use of the electronic medical record, the digitization of patient
outcomes, and the computational capacity now available to the typical researcher,
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has opened the door detailed and comprehensive analysis of pre-trial data. Indeed,
these types of large data sets could become a new level of evidence in and of itself, if
an RCT is not feasible.”

Conclusion
T he introduction of EEMS and WEB devices did not follow the stages as described
by the IDEAL framework. The introduction of WEB devices followed the IDEAL
Framework more closely, but only up to stage 2b. We believe this is not unique to
neurosurgery or to these techniques, and it simply may not be feasible to follow this
framework in its current iteration for all types of innovation. Despite this, informed
consent, ethical approval, and rigorous outcomes reporting are important elements
of the IDEAL framework which could serve to improve the quality of both experi-
mental and alternative neurosurgical study designs. Alternatives to traditional RCTs
and the use of "big data” could be useful modifications of the IDEAL framework. We
believe that neurosurgical innovation and research could be improved by following
a framework such as (a modified version of) IDEAL. This would improve evidence-
based practice and potentially patient outcomes. After all, methodologically sound
prospective studies, which require informed consent, ethical approval, and equipoise,
are feasible in neurosurgery.
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Table 10.4: Search strategy for endonasal meningioma resection*

PubMed

((endoscopic*[Title/Abstract]) OR endoscopy[MeSH Terms]) AND
((((neurosurg*[Title/Abstract]) OR surg*[Title/Abstract]) OR Neurosurgical
Procedures[MeSH Terms]) OR neurosurgery[MeSH Terms]) AND
(((endonasal*[Title/Abstract]) OR transnasal*[Title/Abstract]) OR
transsphenoidal*[Title/Abstract]) AND ((meningiom*[Title/Abstract]) OR
meningioma[MeSH Terms]))

Embase

(‘endoscopy'/exp OR endoscop*:ab,ti) AND (‘neurosurgery'/exp OR
neurosurg*:ab,ti OR surg*:ab,ti) AND (endonasal*:ab,ti OR transnasal*:ab,ti
OR transsphenoidal*:ab,ti) AND (‘'meningioma'/exp OR meningi*:ab,ti)

Table 10.5: Search strategy for WEB devices

PubMed

Search (((((WEBJTitle/Abstract]) OR Woven Endobridge[Title/Abstract])) OR
(((("Endovascular Procedures'"[Majr:NoExp]) OR "Embolization,
Therapeutic"[Majr:NoExp])) OR ((((endovascular[Title/Abstract]) OR
intravascular|[Title/Abstract])) AND ((((((((technique*[Title/Abstract]) OR
procedur*[Title/Abstract]) OR treatment[Title/Abstract]) OR
surgery[Title/ Abstract]) OR therapy[Title/Abstract]) OR flow
disrupt*[Title/Abstract]) OR Embolization[Title/Abstract])))))) AND
((((((aneurism*[Title/Abstract]) OR aneurysm*[Title/Abstract])) AND
(((((cerebral[ Title/Abstract]) OR ruptured|[Title/ Abstract]) OR
unruptured[Title/Abstract]) OR brain[Title/Abstract]) OR
intracranial[Title/Abstract]))) OR intracranial aneurysm[MeSH Terms])
Filters:Publication date from 2011/01/01 to 2017/01/01

Embase

((‘web':ab,ti OR 'woven endobridge':ab,ti) OR ((endovascular:ab,ti OR
intravascular:ab,ti) AND (technique*:ab,ti OR procedur*:ab,ti OR
treatment:ab,ti OR surgery:ab,ti OR therapy:ab,ti)) OR (‘endovascular aneurysm
repair'/exp OR 'neurovascular embolization device'/exp OR 'device
embolization'/exp OR 'artificial embolism'/exp)) ->8 AND (((aneurism*:ab,ti
OR aneurysm*:ab,ti) AND (cerebral:ab,ti OR ruptured:ab,ti OR
unruptured:ab,ti OR brain:ab,ti OR intracranial:ab,ti)) OR 'brain artery
aneurysm'/exp OR 'intracranial aneurysm'/exp) AND [embase]/lim AND [2011-
2016]/py







