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ABSTRACT

BACKGROUND AND PURPOSE: Visualization in neuroendovascular intervention currently relies on biplanar fluoroscopy and contrast
administration. With the advent of endoscopy, direct visualization of the intracranial intravascular space has become possible with
microangioscopes. We analyzed the efficacy of our novel microangioscope to enable direct observation and inspection of the cer-
ebrovasculature, complementary to a standard fluoroscopic technique.

MATERIALS AND METHODS: Iterations of microangioscopes were systematically evaluated for use in neurodiagnostics and neuroin-
terventions in both live animal and human cadaveric models. Imaging quality, trackability, and navigability were assessed. Diagnostic
procedures assessed included clot identification and differentiation, plaque identification, inspection for vessel wall injury, and
assessment of stent apposition. Interventions performed included angioscope-assisted stent-retriever thrombectomy, clot aspira-
tion, and coil embolization.

RESULTS: The microangioscope was found helpful in both diagnosis and interventions by independent evaluators. Mean ratings of
the imaging quality on a 5-point scale ranged from 3.0 (clot identification) to 4.7 (Pipeline follow-up). Mean ratings for clinical utility
ranged from 3.0 (aspiration thrombectomy) to 4.7 (aneurysm treatment by coil embolization and WEB device).

CONCLUSIONS: This fiber optic microangioscope can safely navigate and visualize the intravascular space in human cadaveric and
in vivo animal models with satisfactory resolution. It has potential value in diagnostic and neurointerventional applications.

ABBREVIATIONS: ICAD = intracranial atherosclerotic disease; IVUS = intravascular ultrasound; OCT = optical coherence tomography

Modern endovascular technique relies on fluoroscopy and
contrast agents to guide visualization of the vasculature
and deploy interventional devices. Even advanced techniques
using conebeam CT are limited to this type of indirect visualiza-
tion of the intravascular space—that is, that the operator cannot
see what is not shown by the contrast or inherent radio-opacity.
Matched with challenging anatomy, this indirect visualization
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can lead to suboptimal clinical and radiologic outcomes, as well
as complications."

Methods of direct intravascular visualization have been
studied for neuroendovascular application, namely, intravas-
cular ultrasound (IVUS) and optical coherence tomography
(OCT). IVUS uses an ultrasound microcatheter and provides
real-time cross-sectional images from inside the artery; it has
been studied in stent placement for cervical atherosclerotic
disease.”*

OCT involves using a fiber optic wire that emits near-infrared
light that produces a signal based on the scattered or reflected
light off the surrounding tissue and has been used to evaluate
atherosclerotic disease and flow-diversion device placement.’”
Nonetheless, both IVUS and OCT face notable challenges
because they offer neither direct visualization of intravascular pa-
thology nor the miniaturization necessary to be compatible with
the intracranial vasculature.

Prior studies of “angioscopes” (intravascular endoscope)g’10
have focused on larger vessels (cervical carotid artery). These
were 7F and 5F guide catheters, again too large and inflexible for
intracranial vessels."'
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Our group has recently described the development of a novel
microangioscope for neurointerventional application.'" The goal
of this device is to provide direct, in vivo intravascular imaging of
pathology and neurointerventional devices to augment the view
by traditional fluoroscopy. In initial development, the device was
tested in an in vivo porcine model, and several adjustments were
made.

In this follow-up study, we aimed to develop this high-resolu-
tion microangioscope for clinical application in the human cere-
brovasculature. The goals were to assess the compatibility of the
device with the human cerebrovasculature (based on the interac-
tion with the delivery system and flexibility) and its diagnostic
utility and validity in assisting neurointerventions in animal
models (based partially on image quality/resolution).

MATERIALS AND METHODS

The study was approved by the institutional animal care and use
committee (AN-5442). Several prototype microangioscopes, not
yet commercially available, were used for intravascular visualiza-
tion (Vena Medical). The development of the microangioscope
and technologic background have been previously described.'" The
first aim of this study was to improve on the resolution, flexibility,
depth of view, and ergonomics of the previous microangioscope.

As previously described, continuous high-flow irrigation
(50 mL/min) was performed via a balloon guide catheter or bal-
loon distal access catheter (not commercially available). The com-
bination of flow arrest and irrigation allowed visualization up to
3 cm distal to the distal access catheter or guide catheter.'!

Three independent evaluators assessed the image quality for
diagnostic utility of the live camera feed and processed proce-
dural videos. Compatibility with the human cerebrovasculature
was assessed by a separate cadaver study. Finally, the perceived
utility of the microangioscope for diagnostic and interventional
applications was graded by the same 3 independent evaluators,
again using live camera intraprocedural feed and processed opera-
tive videos from cadaver and animal experiments. Procedures were
performed by a fellowship-trained neurointerventionalist, and
assessments were performed independently by 3 other neurointer-
ventionalists. Videos were assessed using a 5-point qualitative scale
(1 =poor, nondiagnostic; 2 =limited diagnostic value; 3 =average,
some restricted visibility; 4 = good quality, minimal restrictions on
visibility; 5 = excellent) based on prior similar radiographic analy-
sis.'? The clinical utility for the interventions was rated on a simi-
lar-but-separate 5-point qualitative scale based on the added
information and the likelihood of using the microangioscope in the
clinical setting. A structured debriefing session was then conducted
between the engineering team and the clinicians following each
experiment to allow iterative improvement of the microangioscope.

Periprocedural animal care (porcine and rabbit) was provided
by a veterinary team, according to previously published proto-
cols.”> On completion of the study, the animals were euthanized
under anesthesia.

Red and white thrombi were prepared using autologous por-
cine blood. Red thrombi were prepared by mixing autologous
blood with bovine thrombin. White thrombi were obtained after
centrifuge separation of autologous whole blood. Thrombus
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preparation and the model for large-vessel occlusion have been
previously described."

The cadaver model was a formalin-fixed whole body.
Standard surgical exposure was performed of the cervical carotid
artery, which was transected. The distal access catheter was
placed within the arterial lumen, and a suture was placed to close
the artery around the catheter.

Last, a fusiform aneurysm with intimal injury was created
using a rabbit survival model, in which the right common carotid
artery was exposed and a 1-cm segment was trapped with 2 aneu-
rysm clips. Elastase (12.5 U; Worthington Biochemical) was
injected into the isolated segment and incubated for 20 minutes
before reperfusion. The rabbits underwent follow-up angiog-
raphy 4weeks later to assess the device and vessel again.
Further details about animal research methodology (accord-
ing to ARRIVE guidelines; https://arriveguidelines.org/) are
described in the Online Supplemental Data.

Statistical analysis was performed in Excel (Microsoft) for typ-
ical descriptive statistics; mean ratings are displayed as mean
[SD].

RESULTS

Technologic Iterations and Improvement

Since the first generation of the microangioscope, considerable
effort has been made to improve the device in 4 major areas: reso-
lution, flexibility, FOV, and depth of view. Resolution was
improved by increasing the number of pixels from 1600 to 3000.
This resulted in more resolving power. With this addition, the
FOV also increased from 33.3° to 50°, which made it capable of
capturing more of the intravascular environment.

Flexibility was the next important factor, especially for the
application to the human cerebrovasculature. This was improved
by thinning the image bundle, increasing flexibility by >50% and
by selecting more malleable materials for the outer sheath. The
overall outer diameter was reduced from 2.1F to 1.7F, increasing
flexibility by >100%. In silicone model testing (not shown), the
minimum bend radius was determined to be <3.1 mm, which
was corroborated by the models tested here. Ultimately, these
improvements resulted in a marked reduction in stiffness and
allowed the device to traverse into the tortuous anatomy of the
human cerebrovasculature. Finally, a greater depth of view was
important to advance or retract the device.

Three-watt battery-powered LED light sources were used in
our initial experiments, but these only illuminated surfaces within
3 mm of the tip of the device. The light source was upgraded to a
L9000 LED Light Source (Stryker Endoscopy), improving the
depth of view to between 5 and 10 mm. However, due to poor
white balancing with this iteration, the final version included a
Stryker X7000 Xenon Light Source (Stryker Endoscopy). This
300-watt xenon lamp provided a white light source with even
greater illumination at the tip of the device. By improving the
light source as well as the number of illuminating fibers, we were
able to increase the light intensity by >20%, which ultimately
allowed a greater depth of view.

Much of the focus has also been on improving the human fac-
tors associated with the use of the microangioscope. Moving
from a battery-powered light source to a standard endoscopy
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FIG 1. Clot identification and differentiation. A, Clot interface seen ex vivo with a red clot. A
white clot is seen through the catheter (B) and in vivo in a porcine model (C). Red clots are
seen clearly ex vivo (D), within the distal access catheter (E), and in vivo lodged in the por-

cine vessel (F).

light source meant that the light source did not need to be
changed midway through a procedure. This feature naturally
improved the workflow by extending the continuous viewing
time of the camera. In addition, the display unit was changed
from a cart-based one in which the physician must intermit-
tently look away from the fluoroscope images to see the micro-
angioscope images to an “integrated” display so that both
fluoroscopic and angioscopic images can be seen side by side
on the Artis zeego monitor (Siemens) (Online Supplemental
Data). The microangioscope also originally had a threaded
attachment to the proximal assembly that was cumbersome
and slow to couple. That was refined to a quick-disconnect sys-
tem that takes 1 easy motion to replace the scope intraopera-
tively if necessary. Along with an increased working length of
150 cm and extended cables from the microangioscope to the
control console, these improvements provide physicians and
nurses with added flexibility and ease of operation. The overall
advances between the first-generation and the current genera-
tion have resulted in a clinically acceptable device that can
now be used to practically image the intravascular space
(Online Supplemental Data).

Diagnostic Utility: Clot Identification and Differentiation

Autologous porcine blood clots were created and injected into
the porcine external carotid circulation. Distinct clots (“red clot”
or “white clot”) were made by separation of whole-blood

INVIVO WHITE

products to mimic the red cell-rich or
fibrin-rich clots. The mean rating for
clot identification by video and static
images was 3.0 [SD, 1]. Clots were
viewed in both ex vivo and in vivo set-
tings. The clarity of the images was suffi-
cient to differentiate the color of the
clots as a proxy for their composition
(Fig 1). The individual ratings are shown

in the Table.
CLOT

Compatibility with Human
Cerebrovasculature

Because our initial proof-of-concept
study'' was in an animal model and
prior studies with an angioscope had
evaluated only up to the human cervical
carotid artery, we expanded the angio-
scopy into the human intracranial vas-
culature using a cadaver model. After
gaining access via the common carotid

INVIVO RED
CLoT

artery, the microangioscope was suc-
cessfully navigated to the MCA with ac-
ceptable force within a distal access
catheter using conventional angiogra-
phy (Catalyst 5; Stryker Neurovascular).
This deliverability was compared at the
time of procedure with other deployed
devices (stent retriever) and was compa-
rable with the deployment of a stent re-
triever in stiffness/tracking. At the most distal aspect, the
microangioscope was positioned in the distal M1 to visualize the
MCA bifurcation. No untoward events such as vessel dissection
or perforation were noted.

Diagnostic Utility: Carotid Disease and Intracranial
Atherosclerotic Disease

The mean rating for the carotid disease and intracranial athero-
sclerotic disease (ICAD) was 4.0 [SD, 1] in the human cadaver
model. In the procedure, a plaque was noted in the proximal in-
ternal carotid artery, just past the carotid bifurcation (Online
Supplemental Data). This was visualized clearly as a plaque via
the microangioscope but was missed on subsequent conventional
angiography. Going further distally into the intracranial circula-
tion, we identified an intracranial plaque within the artery
(Online Supplemental Data), which was also not visualized on
subsequent angiography.

Diagnostic Utility: Vessel Wall Injury

In the rabbit model, a fusiform aneurysm was created by incuba-
tion of the arterial segment with elastase. The mean rating for the
microangioscope video visualizing the diseased intima of this seg-
ment was 3.3 [SD, 1.2]. In this in vivo model, the differentiation
of the intima between this segment and the normal segment
proximally was seen as a luminal irregularity within the diseased
segment. The irregularity was visualized by both angiography
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Ratings of microangioscope image quality and interventional utility

Ratings MD1 MD 2 MD 3 Mean
Image-quality rating®
Video clip
Diagnostic, cadaver carotid 3 4 5 4.0
Diagnostic, clot identification 2 3 4 3.0
Diagnostic, vessel wall injury 2 4 4 33
Diagnostic, PED follow-up 4 5 5 47
Diagnostic, PED initial 3 5 5 43
Interventional, aspiration 2 4 3 3.0
Interventional, stent retriever 3 4 3 33
Interventional, coil embolization 3 5 5 43
Interventional, WEB deployment 2 5 3 33
Utility rating®
Interventional application

Aspiration 2 4 3 3.0
Stent retriever 3 4 3 33
Coil embolization 4 5 5 47
WEB deployment 4 5 5 47

Note:—MD indicates independent neurointerventionalist evaluator.

*One worst; 5 best. Image quality rating scale described first, followed by device interventional utility rating scale:

1) Poor, no diagnostic value; not useful at all for intervention.

2) Limited diagnostic value; minimally useful, just of research value/interest.

3) Average quality, of possible clinical utility; moderately useful, adds to procedure quality/safety.

4) Good quality, minimal restrictions on visibility, probably adds benefit beyond angiography; significantly useful, should strongly consider for this indication.

5) Excellent quality, adds benefit beyond angiography, could definitely use as an adjunct; extremely useful, would definitely use in most/all such procedures.

desired endothelialization response,

FIG 2. Visualization of a flow-diverting device by the microangioscope. A, The fine-woven mesh
of the PED is seen. B, The interface between the PED and the distal vessel is seen (thin arrow),
and the distal vessel is dark (thick arrow) and beyond the illumination of the microangioscope,
giving depth perception. Thrombus formation is excluded, and good wall apposition is con-
firmed. C, After 1 month post-procedure, the device is partially endothelialized, with struts less
visible (medium white arrow) and endothelium more prominent (medium black arrow).

and microangioscopy (Online Supplemental Data: Video show-
ing the diseased vessel in a rabbit model).

Diagnostic Utility: Device Follow-Up

The fusiform aneurysm created in the prior experiment was then
treated with flow diversion using the Pipeline Embolization
Device (PED; Medtronic). The aneurysm and device were visual-
ized immediately after device deployment to assess apposition
(Fig 2A, -B) and 4 weeks later to assess endothelialization (Fig
2C). The mean rating for the new device placement was 4.3 [SD,
1.2], and the rating at follow-up was 4.7 [SD, 0.6]. Immediately
after deployment, all stent tines and the interface between the
stent and the normal vessel were well-visualized, and the ability
to assess apposition was excellent. No thrombus was seen on the
device surface. At follow-up, the same stent tines were visualized
in only some areas, though less distinct, and in others, there was
complete tissue coverage. We expect that this is secondary to the
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though it could also be a combination of
fibrin deposition, smooth-muscle cell
proliferation, or immune-cell attach-
ment. This was deemed clinically rele-
vant and useful in the follow-up of flow-
diversion treatment by all independent
evaluators.

Interventional Utility: Stroke
Thrombectomy

The feasibility and utility of the micro-
angioscope as an adjunct in stroke
thrombectomy was tested with the 2
main thrombectomy techniques: aspira-
tion (A Direct Aspiration First Pass
Technique [ADAPT] technique, Catalyst
5) and stent-retriever thrombectomy (Trevo, Stryker; and
Embotrap II, Cerenovus) (Fig 3). Experiments were con-
ducted across 3 porcine subjects. The mean rating for the
ADAPT image quality was 3.0 [SD, 1], while the rating of vis-
ualization of the stent retriever thrombectomy was 3.3 [SD,
0.6]. The expected clinical utility was separately assessed,
with a mean rating of 3.0 [SD, 1] for aspiration and 3.3 [SD,
0.6] for the stent retriever. These fall between 3, moderately
useful, adds to procedure quality/safety and 4, significantly
useful, should strongly consider for this indication.

In the aspiration experiment (3 attempts), a clot was delivered
at a bifurcation and the microangioscope was positioned within
the aspiration catheter as the pump was turned on. Distal fluid
was seen flowing backward toward the camera. Once sufficient
force was generated, the clot was aspirated toward the catheter tip
and was “corked.” A “red out” was seen on the microangioscope
as it was obscured by the face of the clot. A few seconds later, the



vessel wall [

FIG 3. Visualization of mechanical thrombectomy. A, A clot is visual-
ized by the microangioscope, and an aspiration catheter is positioned
at the face of the clot. The interface between the artery and the clot
is seen (thin arrow). B, Corresponding view on roadmap fluoroscopy
shows the positioning of the aspiration catheter at the sharp cutoff
point. C, A red thrombus is seen during removal by stent-retriever
thrombectomy. D, The struts of the device can be clearly seen, as can
the endothelium, with clear color differentiation (thick arrows).

clot was then ingested into the inner lumen of the aspiration cathe-
ter past the microangioscope, again giving clear visualization and
confirming successful clot evacuation. The microangioscope then
traversed outside the aspiration catheter and could visualize the
newly recanalized segment. The camera was able to visualize small
residual clot in the aspiration catheter, and this small clot was suc-
cessfully aspirated by a second attempt (Online Supplemental
Data: Data/Videos).

In the stent-retriever experiments (5 attempts), both Trevo
and Embotrap II stent retriever thrombectomy was performed
(Fig 3). In these cases, the tines and expansion of each device
were clearly seen, regardless of their radio-opacity on fluoros-
copy. Furthermore, the interface between the clot and the de-
vice could be visualized as the clot was retrieved. As in
aspiration thrombectomy, the microangioscope could later
adequately inspect the vessel after recanalization to confirm
total revascularization.

All 8 vessels were recanalized after the first pass.

Interventional Utility: Aneurysm Treatment

The feasibility and utility of the microangioscope as an adjunct in
aneurysm treatment were tested with multiple devices, including
coil embolization and intrasaccular flow disruption (Woven
EndoBridge, WEB; MicroVention).

Aneurysm coiling was simulated in an in vivo porcine model.
The microangioscope and the coiling microcatheter were simul-
taneously placed in a balloon guide catheter. The coils were
deployed with the camera positioned at the origin of a vessel to
simulate aneurysm coiling. The mean rating for this video was
4.3 [SD, 1.2]. The vessel origin, a surrogate of the aneurysm neck,

was well-visualized with the microangioscope. The distal vessel,
however, as a surrogate for the aneurysm fundus, was better seen
with conventional angiography. The mean rating for the clinical
utility was 4.7 [SD, 1.2], which ranges between 4, significantly
useful and 5, extremely useful, would definitely use in most/all
such procedures.

Finally, an intrasaccular flow-disruption device (WEB),
deployed at a vessel origin, was visualized with the microangio-
scope. The fine mesh of the device, very similar to the lattice of
the PED, was visualized clearly, as was the interface between the
device and the normal vessel as a surrogate for the aneurysm
neck. The mean rating for this video was 3.3 [SD, 1.5]. The mean
rating for the clinical utility was 4.7 [SD, 1.2].

DISCUSSION

Shortcomings of Diagnostic Angiography

DSA is the criterion standard for all modern neuroendovascular
interventions but has notable disadvantages. Namely, high cumu-
lative radiation doses, contrast usage, and poor visualization over
bony anatomy limit its safety and utility. Furthermore, the proper
visualization of devices with DSA relies largely on their radio-
opacity. To this end, there has been interest in using IVUS and
OCT as adjuncts to DSA. However, these methods have their
own limitations, chiefly their cumbersome size and stiffness that
limit safe neurovascular navigation.

From Angioscope to Microangioscope

Angioscopy, as described in previous iterations, has been limited
by visualization through blood in vivo, camera size, and image
quality. In this study, we demonstrate the utility of a further-
improved'' high-resolution microangioscope. The miniaturiza-
tion of the angioscopic technology is truly transformative and
allows access into the distal intracranial vasculature (MCA bifur-
cation), as seen in the human cadaver experiments. In the itera-
tive process used between our proof-of-concept study and the
current version, the microangioscope optics have also been
improved with better diagnostic quality. Specifically, improve-
ment in the fiberoptic light source allowed better image resolu-
tion (increased image fibers) as well as intravascular illumination
and depth of view (improved light source and increased illumina-
tion fibers). Additional improvements were also made to the flex-
ibility and FOV of the device. Each successive iteration made for
a quantitatively improved experience.

Diagnostic Applications

Four discrete diagnostic applications were evaluated in this study:
clot identification/differentiation, plaque identification, inspec-
tion of vessel wall injury, and flow-diverter apposition and endo-
thelialization. The mean rating for these all reached above 3/5,
qualifying for potential clinical benefit/use per the clinicians
viewing the video.

The clot identification and differentiation have clear implica-
tions for mechanical thrombectomy. The ability to identify vessel
wall injury and inspect the vessel wall surface is important for
identifying subtle vascular dissection and differentiating vasculi-
tis/vasospasm from diffuse atherosclerotic disease. These entities
are often difficult to diagnose and differentiate on angiography,
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and a microangioscope can clarify these diagnoses with direct vis-
ual inspection.

The uses of other intravascular visualization technologies
(IVUS, OCT) have been studied in the context of flow-diversion
follow-up.” In follow-up angiograms, usually obtained at 3- to
12-month intervals after aneurysm treatment, the neurointerven-
tionalist evaluates parent artery patency, aneurysm occlusion,
branch vessel patency, and in-stent stenosis. The goal of flow
diversion is to achieve durable aneurysm occlusion by endotheli-
alization of the stent across the aneurysm neck. However, com-
plete aneurysm occlusion is only inferred by angiography in these
experiments. In this study, the microangioscope was able to
clearly identify the tissue response across the fine struts of the
PED. With this technology, the successful treatment with a device
can be monitored and could then dictate the necessary duration
of antiplatelet therapy.

Interventional Applications: Stroke
Various interventional applications were evaluated in this study,
namely aneurysm treatment by several modalities (flow diversion
with the PED, intrasaccular flow disruption with WEB, and aneu-
rysm coiling) and stroke thrombectomy. In all interventions, de-
vice adjustments were made on the basis of real-time feedback to
increase workflow and accuracy in a clinical setting. Overall, there
is potential for assistance in thrombectomy as per the clinician
ratings.

Practically, we envision the potential use of the microangio-
scope in stroke thrombectomy as an adjunct to the current treat-

14,15 and

ment paradigm, which is meant to be performed swiftly
with a high first-pass efficacy.'® First, given the ability of the
microangioscope to directly visualize and differentiate between
white clot (high fibrin content, firm, recalcitrant) and red clot
(high red blood cell content, softer, easier to remove), the optimal
thrombectomy strategy could be chosen (aspiration versus stent
retriever). If using aspiration, as in the case of a fibrin clot, the
microangioscope can help identify when corking or when contact
has been established and can identify any uncaptured/residual
clot to be ingested. If using a stent retriever, in the case of a red
thrombus, the microangioscope can visualize clot integration and
identify residual, especially because some thrombi were not seen
on conventional angiography. In this sense, the microangioscope
shows up-close what was previously seen only in clear silicone
flow models with simulated clots. The microangioscope practi-
cally gives us a “new set of eyes” in the angiography suite. Future
translational research is certainly needed to corroborate some of
the potential applications in our models and bring them to the
angiography suite. Most important, these applications are limited
by visualization just to the clot face (and not distal to it) and the
flow-arrest requirement.

In another scenario, when there is re-occlusion, the microan-
gioscope can be used to evaluate and differentiate between intra-
cranial atherosclerosis and vasospasm/vasculitis and can help
guide additional treatment such as rescue stent placement'” in
the case of ICAD or antispasmodics in case of vasospasm. From
the perspective of carotid disease and stroke work-up, microan-
gioscopy could potentially identify high-risk plaques (eg, throm-
bus or ulceration) in the setting of mild or normal-appearing
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angiographic stenosis for patients with an otherwise unremark-
able stroke work-up. This could be a key development in identify-
ing the embolic source in this clinically challenging group of
patients.'®

Interventional Applications: Aneurysm Treatment

The clinical utility ratings for the 2 aneurysm treatments (coil
embolization and WEB deployment) were both very high, 4.7
[SD, 1.2]. In both of these treatments, visualization of the neck of
the aneurysm is critical to ensure complete coverage and treat-
ment and to prevent encroachment of the implant into the parent
artery or branch artery. In standard fluoroscopy, oblique views
are often needed to optimize visualization of the aneurysm neck
and the normal artery. However, this can be challenging, depend-
ing on patient anatomy and aneurysm projection. Therefore, the
ability of the microangioscope to directly visualize this critical
area of the neck to ensure complete and safe device deployment
is clinically significant.

Workflow

The imagined workflow of angiography and microangioscopy is
demonstrated in the Online Supplemental Data. These are com-
plementary technologies. Generally, the microangioscope helps
visualize proximal pathology and is somewhat limited distally,
given the 3-cm tether from the balloon catheter. Thus, the distal
anatomy is well-seen with angiography, which also provides a
roadmap to go further with the microangioscope. Practically, this
is similar to what neuroendoscopy has done in operative micro-
neurosurgery; bringing the light source and visualization closer
to the pathology has been revolutionary.'”” The ergonomics of
where to position the operating instruments (microcatheter and
microwire device) relative to the endoscope (microangioscope)
are quite similar. Thus, in the aneurysm experiments, fluoroscopy
and the microangioscope each had their own distinct advantages
and were quite complementary. Overall, standard angiography
demonstrates the distal aneurysm fundus and the walls well,
whereas the neck of the aneurysm can be well-visualized with the
microangioscope.

Future Directions
This technology has myriad potential applications in neuroendo-
vascular surgery and for both clinical and translational research
to further our understanding of cerebrovascular diseases. For
example, further quantitative studies should be performed to
truly assess its value in microangioscope-assisted thrombectomy.
In this study, we were able to visualize intracranial atherosclerotic
disease in a cadaver experiment, but the results should be vali-
dated in further cadaveric and possibly in vivo human subjects.
Our thrombectomy experiments suggest that direct visualization
of thrombi could help the clinician with revascularization, and
more quantitative revascularization outcomes should be tested.
Other types of vascular injury (intimal flaps/dissections, webs)
can also be difficult to assess by angiography alone. In the assess-
ment of its use in aneurysm treatment, these experiments were
only a proof-of-concept and also deserve future study using well-
established aneurysm models to explore the visualization of



device apposition, intraprocedural clot detection, and aneurysm
neck healing with time.

Limitations

The limitations of this technology were discussed in our prior
proof-of-concept study.' Briefly, these are the inability to see dis-
tally beyond the pathology and the necessity for flow arrest. The
duration of flow arrest could theoretically vary from procedure
to procedure but certainly carries potential morbidity with the
use of balloons and increased ischemic time during device
manipulation.

The study itself additionally has limitations. This study has
established the feasibility of its use in a human cadaver and a por-
cine model. The cadaver model had no flowing blood and did not
require the ability to obtain intracranial flow arrest, and the exter-
nal carotid artery of the porcine model had limited tortuosity and
was of large diameter. Additionally, the outcome measures used to
assess imaging quality and device compatibility are not validated.

CONCLUSIONS

Current neuroendovascular imaging relies on fluoroscopy-based
DSA. We used a recently developed fiber optic microangioscope
to visualize the intravascular space in human cadaveric and in
vivo animal models. In this series of experiments, we demonstrate
its feasibility in diagnostic and neurointerventional applications.
An independent rating of video capture suggested satisfactory
visualization and potential utility, particularly in aneurysm embo-
lization procedures. Further studies are needed to evaluate its
potential in this and other applications, including diagnosis, de-
vice deployment, and treatment monitoring.
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