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A Brief Summary of the History of
Neurointervention

The 1970s and 1980s—Discovery

The history of neurointervention is short as our field is still
in its puberty. If one had to pinpoint a starting date, most
would agree it was the early 1970s, although Luessenhop
and Spence described a case of an endovascular emboliza-
tion of a brain arteriovenous malformation as early as 1960
[1]. The 1970s was the time when the pioneers of the field
boldly went where no one had gone before. Their brilliant
minds made huge advancements in the understanding of
complex vessel anatomy and neurovascular pathology, and
we have to particularly recognize the tremendous input of
Pierre Lasjaunias in the delicate and precise description of
the vascular microanatomy of the base of the skull, and
Fedor Serbinenko, who developed a technique to treat in-
tracranial aneurysms and carotid cavernous sinus fistulas
with a detachable latex balloon [2]. In the 1980s, Zeumer
and Theron entered the field of endovascular stroke treat-
ment and opened intracranial occlusions with locally ad-
ministered fibrinolytics [3, 4]. Only a few conditions were
treatable but the sudden knowledge gain was massive and
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led to an aura of intrigue and excitement that attracted nu-
merous talented young clinician researchers to the field.
This led to the foundation of the first companies that were
dedicated to manufacturing devices for endovascular mini-
mally invasive procedures.

The 1990s—Innovation

In the early 1990s one of the most groundbreaking inven-
tions in our specialty was made: the Guglielmi detachable
coil was used for the first time in a patient with a carotid
artery aneurysm in 1990 [5] and by the end of the 1990s
endovascular coiling became a well-established treatment
option for both ruptured and unruptured aneurysms [6].
Procedural innovation paralleled engineering innovations,
and leaders in the field started treating seemingly impossi-
ble aneurysms with various neck-bridging techniques [7].
Neurointerventionalists at that time also experimented with
existing technologies in other conditions, such as brain
arteriovenous malformations (AVM), carotid stenosis and
acute stroke, but were unable to make massive inroads. It
was in the 1990s when Pierre Lasjaunias and Alex Beren-
stein wrote the first version of “Surgical Neuroangiogra-
phy”, which was complemented by several other volumes
later on [8]. In summary, the 1990s were an era of charis-
matic personalities, enthusiasm and innovations, and neu-
rointervention was centered in few high-volume centers
around these personalities. However, little emphasis was
put on evidence-based medicine. Research in neurointer-
vention in this decade mainly consisted of book-keeping of
one’s patients, i.e. counting patients and reporting outcomes
in a purely descriptive and often unsystematic fashion.

The 2000s—Early Steps Towards Evidence-based
Medicine

This changed in the 2000s, when the first major random-
ized trial in our field was conducted and published: the
International Subarachnoid Aneurysm Trial (ISAT) com-
pared clinical outcomes of endovascular coiling vs. surgi-

K

https://doi.org/10.1007/s00062-020-00953-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s00062-020-00953-8&domain=pdf
http://orcid.org/0000-0001-9060-2109


2 M. Goyal et al.

cal clipping for ruptured intracranial aneurysms and showed
a clear benefit in the coiling arm [9]. As a result, aneurysm
coiling became mainstream and so did neurointervention.
Large academic hospitals around the world quickly con-
verted from open surgery to minimally invasive aneurysm
treatment. As expected, this triggered a new wave of inno-
vation. Driven by the increasing demand, advanced tech-
niques, such as balloon-assisted coiling, stent-assisted coil-
ing and flow diversion were developed [10], and numerous
new coils of varying shapes and degrees of stiffness were
designed, which in turn, resulted in further increases in en-
dovascular aneurysm treatment. On the other hand, early
trials on carotid stenting, such as the SPACE trial, had dis-
appointing results, possible due to several methodological
flaws, including poor operator selection and credentialing
mechanisms [11]. It was in the early 2000s when dedicated
intracranial stents and Onyx became available and substan-
tially improved treatment of intracranial stenosis and brain
AVMs [12]. The 2000s were also the decade in which the
phenomenon of the multidimensional physician, who is in-
ventor and entrepreneur simultaneously, occurred for the
first time, although the general public viewed and contin-
ues to view physicians with entrepreneurial goals somewhat
skeptically.

The 2010s—Explosion of the Field

In the second decade of the century, the field suddenly ex-
ploded. While earlier attempts of trials aiming to demon-
strate the benefit of endovascular treatment for patients with
acute ischemic stroke, such as PROACT II [13] and IMS III
[14] were unsuccessful, five major randomized controlled
trials finally showed an overwhelming benefit of mechani-
cal thrombectomy compared to medical management alone
for acute ischemic stroke due to large vessel occlusion [15].
Since the treatment became standard of care in 2015, and
again driven by the existing demand for better treatment
devices, the second half of the decade was characterized
by a remarkable growth in technique and technology (who
would have thought 10 years earlier in 2005 that we would
routinely take a 6 French catheter into the middle cerebral
artery?). Inspired by the results of the first trials, indus-
try and funding agencies provided the necessary resources
for additional randomized trials, such as DAWN [16] and
DEFUSE 3 [17], which were well-designed and meticu-
lously executed by dedicated leaders in the field. The re-
sults were again overwhelmingly positive and led to further
loosening of eligibility criteria for mechanical thrombec-
tomy. At the same time, innovations in aneurysm treatment
continued with the development of endosaccular flow dis-
ruption [18, 19], which made treatment of wide-necked bi-
furcation aneurysms much easier. In the 2010s our field
also experienced exponential growth in the number of neu-

roendovascular centers and training programs, and the total
number of operators rose to accommodate the manpower
needed to tackle the growing demands, particularly in acute
stroke treatment. As an expected side effect, the number of
aneurysms and arteriovenous malformations treated per op-
erator dropped. While the 2010s marked a revolution in
acute ischemic stroke treatment, they were also a decade
of disappointment with respect to intracranial stenting and
endovascular brain AVM treatment, with the SAMMPRIS
and ARUBA trials showing no benefit of endovascular treat-
ment for these conditions [20, 21]. For acute ischemic
stroke the breakthrough was made but as far as brain AVMs
and carotid stenting was concerned, the neurointerventional
community was forced to return to the drawing board and
rethink their approach to these diseases.

The Future—Where areWe Going?

What will the 2020s bring, what should we collectively aim
for and what should we try to avoid?

Undesirable Developments that Will Likely Happen
in the near Future (but can be Avoided)

An honest assessment of the future of neurointervention
should also include undesirable developments that are likely
to happen, the most important of which is dilution of exper-
tise and experience. Since mechanical thrombectomy has
become standard of care, there has been and continues to
be an exponential increase in hospitals offering neurovas-
cular services, with a subsequent decrease in operator and
institutional caseload. In other words: we will face dilu-
tion of experience. Centers in which a neurointerventional
stroke service has been established will probably start to
offer treatment for other conditions, such as intracranial
aneurysms and arteriovenous malformations as well, even if
they might not have the necessary volume to maintain a high
level of expertise. This may decrease overall treatment qual-
ity. It could also lead to unnecessary or unwarranted pro-
cedures to maintain volume, experience and certification
criteria. Additional burden of call and the increased interest
in the field may cause young trainees to struggle and pre-
vent them from having a fulfilling career after their training
[22]. Economic pressure, commercial interests of health-
care providers, misaligned financial incentives and priva-
tization of hospitals impose additional serious threats on
patient care and further complicate the situation. Prevent-
ing these undesirable events would require rigorous quality
standards and minimum caseload requirements as well as
consistent and objective monitoring of patient outcomes, all
of which will be highly challenging to establish. Of course,
we very much hope that we are wrong! We are firm believ-
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ers that performing neurointerventional procedures should
require a high standard of expertise and training, and that
we should make it our highest priority to avoid dilution of
these standards.

Desirable Developments that Will Likely Happen in
the Near Future

On the other hand, there are many desirable developments
that are already on the horizon: for example, it is highly
likely that mechanical thrombectomy for acute stroke will
further expand as several randomized controlled trials that
investigate patients at the fringes of current treatment guide-
lines are already underway [23, 24]. This will most likely be
accompanied by advancements in treatment technology that
will allow us to achieve even faster and better reperfusion
results. We might also experience a shift of imaging from
the in-hospital to the prehospital phase. Several prehospital
imaging tools are currently in development that could al-
low us to identify and triage large vessel occlusions prior
to hospital arrival [25]. Machine learning tools could soon
help to democratize stroke imaging through automatization
and standardization of image acquisition and interpretation
[26]. Device surfaces will also likely experience significant
advancements. Surfaces of current stents and flow diverters
are highly thrombogenic and thus require dual antiplatelet
medication. There is however an ongoing race among man-
ufacturers to develop antithrombogenic coatings for stents
and flow diverters to obviate the need for dual antiplatelet
regimens. First case series have already been published and
show encouraging results [27, 28]. Remote mentoring is an-
other highly desirable development that will probably soon
find its way into clinical routine, partly because one-on-
one/in person teaching has become very challenging, if not
impossible, during the COVID-19 pandemic. This has led
to a dramatic increase in demand for online teaching re-
sources, virtual discussion forums and remote mentoring
[29]. Recent studies have already shown the feasibility and
safety of remote live streaming support for emergency neu-
rointerventional procedures, such as mechanical thrombec-
tomy [30]. Fueled by the current travel restrictions, it is
likely that these novel mentoring approaches will be used
more and more, particularly in more rural areas.

Desirable Developments We Should Aim for in the
Near Future

Other developments that would be desirable will probably
require more groundwork, but they might still become re-
ality in the medium term. One example is a reduction in
variance of operator performance through simulation tech-
nology. Current simulators still lack adequate haptic feed-
back, are restricted to a relatively narrow repertoire of de-

vices, and individual patient anatomy cannot be routinely
simulated. Changing this will take time as it requires sub-
stantial advancements in existing technology; however, with
several companies around the globe working on these prob-
lems, we have reason to hope that within the next decade,
sophisticated simulators will equalize differences in train-
ing, thereby “squeezing the bell curve” of human perfor-
mance and reducing negative outliers. Closely related to
this topic is the introduction of robotics into the neurointer-
ventional routine. To date, few groups have reported small
case series of successful robot-assisted elective procedures
[31–33], and first attempts are being made to create ethical
and medicolegal frameworks [34] for neurointerventional
robotics. The degree of autonomy of current robotic sys-
tems is however very low and their utility restricted by the
incapability of performing essential tasks, such as punctur-
ing the groin. Limited stability of network infrastructures
and imaging transfer protocols have to be overcome in or-
der to tap the full potential of robotics, and as always, cost
may be a major stumbling block. It is not only changes in
technology but also in our own thinking that move our field
forward. One example is multifactorial decision making in
endovascular stroke treatment. Current treatment guidelines
are rather rigid and consist of a list of eligibility criteria;
as soon as one of these criteria is not met, a patient is con-
sidered ineligible for endovascular stroke treatment. This
however does not adequately address the complex interplay
of individual patient characteristics and local infrastructural
circumstances. To date, there is no comprehensive decision
tool yet that takes all these factors into account, but several
research teams are working on solving this problem [35].
Whether such tools get accepted by guideline committees
and can be integrated in clinical routine remains to be seen.

Desirable Developments that Will not Happen in the
Near Future

Lastly, there are the future dreams—things that might even-
tually become reality in the distant future but for the time
being it is unforeseeable whether and when this will be the
case. Many of these do not fall under the category of techno-
logical advancements but are more related to human behav-
ior. For example, we still lack good randomized controlled
trial data for the treatment of unruptured brain aneurysms,
and this is unlikely to change within the current decade.
The same is true for the ability to practice evidence-based
medicine in the treatment of unruptured brain arteriovenous
malformations [36]. Furthermore, as new diagnostic tools
and treatment technologies are emerging at a rapid pace
and sometimes find their way into clinical routine based
on anecdotal evidence, our field would largely benefit from
a systematic approach to adopting new technologies. A sys-
tematic and comprehensive recording of treatment success
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rates and complications beyond what is necessary and man-
dated by approval agencies would enable a genuine com-
parison to existing tools and techniques and to the nat-
ural history of the disease, thereby preventing dangerous
and harmful practice. This is however unlikely to happen
mainly because 1) there are no good mechanisms to ensure
that all patients get enrolled in such a database and 2) there
is little willingness on the part of device manufacturers/
hospitals/regulatory bodies/governments/insurers to pay for
such databases.

Neither the summary of past achievements in our field
nor the outlook on potential future directions as described
above are intended as a comprehensive summary. It is
merely our intention to point out some interesting aspects
of the future and the past. We fully acknowledge that the
viewpoint presented is a personal and subjective one; we
hope that it will nevertheless lead to productive discussions
and debates. In particular, we hope to initiate a thought
process on how we as a professional community can work
towards avoiding undesirable events that are about to hap-
pen, such as a dilution of experience and skills, and how
we can facilitate desirable but unlikely developments, such
as a stronger emphasis on evidence-based medicine: in this
respect, we would love to be wrong as the future unfolds.
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