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2. Glossary

Term Definition

Access Site Complications Include complications of the study procedure(s) that
arisefromaccess site puncture and introduction of
devices required to establish accessto the intended
vascularterritory beingtreated. These includethe
following:

¢ Hematomas/Hemorrhage — to be further

subcategorized as

o Localized: Painful swellingwithindurated
tissuearoundthe access sitewhichis usually
treated with manual compressionand
analgesia, OR

o Retroperitoneal: Clinical signs including
hypotension, lower abdominal or flank pain
with an acute drop in hematocrit or
hemoglobin. A high puncture at the site of
arterial access (typically alongthe inguinal
ligament) may also benoted. Confirmed with a
computed tomography (CT) scan of the
abdomen. May require blood transfusion to
maintain stablehematocrit,and an
endovascular or surgical intervention to treat.

e Pseudoaneurysm (PSA) - an arterial rupture of
one or more layers of its walls, contained by
overlayingfibromuscular tissue, which
communicates with anartery by a neck orsinus.
Clinically presents with painat arterial accesssite
with a pulsatilemass with or without an audible
bruit, with a duplex ultrasound or Doppler
evidence of extra-arterial flow

e Vessel Occlusion - Pain, pallor, paresthesia or
decreased movement inthe respective limb.
Clinical examination thatmayreveal a cold
ischemiclimb with absent pulses or decreased
ankle-brachial index (ABI). Condition may require

endovascular or surgical intervention.
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e Arteriovenous Fistula (AVF) - New femoral bruit,
thrill, fresh hematoma or paininthe lower limbs
on the following day after sheath removal
confirmed by color Doppler ultrasonography
demonstrating an AVF with continuous systolic
anddiastolicflow.

e Deep Vein Thrombosis (DVT) - Lower limb pain
andswellingshortly following the endovascular
intervention, confirmed by venous
ultrasonography of the lower limb.

e Local Neurogenic/Nerve Complications -
Hypoesthesia, dysesthesia and hyperalgesia of the
thigh caused by compression of femoral or
cutaneous nerves or as a resultof hematoma from
the femoral artery access site.

e Pain: Painreported by the subject-specific to
access site

Adverse Device Effect (ADE) An adverseevent related to the use of an
investigational medical device. (1SO 14155:2011 3.1)

Note 1: This definitionincludes adverse events
resulting from insufficient orinadequate instructions
for use, deployment, implantation, installation, or
operation, or any malfunction of the investigational
medical device.

Note 2: This definitionincludes any event resulting
from use error or from intentional misuse of the
investigational medical device.

Adverse Event (AE) Any untoward medical occurrence, unintended
diseaseorinjury,oruntoward clinical signs (including
abnormal laboratory findings) in subjects, users or
other persons, whether or not related to the
investigational medical device. (1ISO 14155:2011 3.2)

Note 1:This definitionincludes events related to the
investigational medical device or the comparator.

Note 2: This definitionincludes events related to the
procedures involved.
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Note 3: For users or other persons, this definitionis
restricted to events related to investigational medical

devices.
Aneurysm Dome Maximum horizontal diameter of the aneurysm.
Aneurysm Neck Opening of the aneurysm where it meets the parent
vessel
Aneurysm Occlusion Accordingto the Raymond—Roy Scale!:

e (Class 1:Complete Occlusion—complete

obliteration of the aneurysm.

e (Class 2:Residual Neck— persistenceof any
portion of the original defect of the arterial
wall as seenon any single projection, but
without opacification of the aneurysmal sac.

e Class 3:Residual Aneurysm—any
opacification of the aneurysmal sac.

Any procedure where Pipeline™ Vantage Embolization
Attempted Procedure Device with Shield Technology™ was attempted i.e.,
successful punctureatthe arterial accesssite.

Bleeding Complications per GUSTO Bleeding complications shall be adjudicated using the
GUSTO bleedingcriteria whichincludes categorizingall
bleeding events into the followingcategories:

e Severe or Life-threatening:
O Intracerebral hemorrhage

O Resulting in substantial hemodynamic

compromise requiring treatment
e Moderate:

O Requiring blood transfusion but not
resultingin hemodynamic compromise

e Mild

O Bleeding that does not meet above criteria

Cerebral Infarction Evidence of new ischemic changes (infarction) on
imaging. Further characterized as:
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e Asymptomatic: no associated focal
neurological deficitsymptoms (i.e., Silent
Infarctions)

e Symptomatic: focal neurological deficit

symptoms lastingless than 24 hours

Contrast Induced Complications

Complications arising dueto the use of contrastagent
used for imagingrequirements during study
procedure(s).

Delayed Intra-Cranial Hemorrhage (ICH)

Any intracranial hemorrhageoccurring >30 days post-
procedure

Device Deficiency (DD)

Inadequacy of a medical device with respect to its
identity, quality, durability, reliability, safety or
performance. (ISO 14155:2011 3.15)

Note: Device deficiencies include malfunctions, use
errors,and inadequatelabeling.

Device Movement

Unintended Pipeline stent (braid) Movement (as
observed/discerned on imaging) of the implanted
device following deployment.

Device movement will be further characterized by:
Timing:

e Intra-procedural: Observed during the study
index procedure

e  Post-procedural: Observed at a follow-up time
point

Type:

e Foreshortening: Movement on either or both
ends of the device in opposite direction towards
the aneurysm neck.

e  Migration: Movement of devicewhere both ends
move in a single direction away from the
aneurysm neck.

e Device Embolization into Aneurysm: Herniation
into the aneurysm
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Clinical Significance:

e Clinically Significant: When device movement
causes unintended opening of the aneurysm neck
leadingto incomplete occlusionoris areason for
retreatment of the aneurysm.

e Not Clinically Significant: When device
movement does not cause unintended opening of
the aneurysm neck leading to incomplete
occlusion nor is a reason for retreatment of the
aneurysm.

Device Technical Success Device level analysis providing the rate of successful
study device implantations at the target site with the
total number of devices attempted to be deployed.

Device Thrombosis Post-procedural, de novo formation of flow limiting
thrombus within the device visualized onimaging.

Each Device Thrombosis event will also be reported
with reference to symptoms reported for the subject:

e Asymptomatic: No symptoms reported that are
presumed to be related to the device
complication.

e Symptomatic: Symptoms reported that are

presumed to be related to device complication.

Dome-to-Neck Ratio Aneurysm dome max diameter/aneurysm neck width

Enrollment Pointat which the subjectsigns the study authorized
Informed Consent.

Excessive Radiation Complications Any noted procedural complicationsthatare
presumed to resultfrom excessiveradiation exposure
due to imaging modalities.

Index Procedure The firstintended procedure to implantthe study
device where a successful punctureatthe arterial
access siteis completed.

Institutional Review Board/Research Ethics Board Institutional Review Board (IRB) is an appropriately
constituted group that has been formally designated
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to review and monitor biomedical researchinvolving
human subjects.

The Research Ethics Board (REB) helps ensure that this
research meets the highestethical standards,and that
the greatest protection is provided to participants who
serve as research subjects.

Intention to Treat Population (ITT)

All subjects who were consented andin whom
deployment of the Pipeline™ Vantage Embolization
Device with Shield Technology™ was attempted
(successful punctureatthe arterial accesssite),
independent of the procedure being completed
successfully.

Intra-Cranial Hemorrhage

e Intra-Cranial Hemorrhage:

Hemorrhage within the fixed vault of the cranium
(skull).1ICHwill befurther categorized as:

o Intracerebral Hemorrhage:
= Intra-Parenchymal Hemorrhage (IPH):

e Bleeding withinthe cerebral matter (brain
parenchyma), not involvingthe ventricles.

Note: Acute Ischemic Stroke with hemorrhagic
transformations includedinthe IPH will be explained
in comments.

= Intra-Ventricular Hemorrhage (IVH):
e Bleeding withinthe brainventricles
o Sub Arachnoid Hemorrhage (SAH):

= Bleeding into the subarachnoid space- the
area between the arachnoid membrane and
the pia mater surroundingthe brain

o Subdural Hematoma (SDH):

= Occurs when there is tearing of the bridging
vein between the cerebral cortex and a
drainingvenous sinus

o Epidural Hematoma (EDH):

= Arapidlyaccumulatinghematoma between
the dura mater andthe cranium
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o Carotid Cavernous Fistula (CCF): A fistula
formation within cavernous sinus or due to

aneurysm perforation/rupture
= Acute (intraoperative)
= Delayed (anytime post-index procedure)

Inthe event that a singlehemorrhage event resultsin
bleeding in multiplelocations, the most severe
category or primary hemorrhage should be selected.

Each ICH etiology shall befurther classified as:
®=  Due to Target Aneurysm Rupture
=  Due to Non-Target Aneurysm Rupture

=  Due to Hemorrhagic Transformation of core
ischemicinfarct

=  Hemorrhagicdue to dual antiplatelet
therapy (DAPT) risk

=  Hemorrhagic due to other causes

Bleeding within the cerebral matter (brain
Intraparenchymal Hemorrhage . . .
parenchyma), not involving the ventricles.

Individual member of the investigationsiteteam
designated and supervised by the Principal

. Investigator atan investigation siteto perform critical
Investigator o .
clinical-investigation-related procedures or to make
important clinical-investigation-related decisions (1SO

14155:2011 3.24)

Neurological Deficit Events other than Strokes/Neurological Death that
causea declinein the mRS of the subjectduring follow
up.

These will becharacterized by:

Focal:

Along the distribution of a cranial nerve or territory
supplied by a particular intracranial vessel that is
related to Target Aneurysm outcome (lpsilateral) or
Non-Target Aneurysm outcome (Contralateral):

=  Cranial NervePalsy
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=  Visual Field Deficit/Visual Loss
= LocalizedIpsilateral Headache

=  NOS (not otherwise specified)

Generalized:
Due to diseaseprocess other than intra-cranial
aneurysms

=  Amyotropic Lateral Sclerosis

=  Motor Neuron Disease(MultipleSclerosis
etc)

=  Myasthenia Gravis
=  Spondylosis

= Alcoholism

= Depression

= Intra-Cranialmass
= Arthritis

=  Trauma

=  Malaise

=  NOS (not otherwise specific)

Ipsilateral Localized Headache Localized headache with a presumed treated vascular
territory origin, thatis new or worsening from baseline.

Ipsilateral Visual Loss Events that causea decreaseinvisual acuityandresult
intransientor permanent visual loss dueto the
intracranialaneurysmor its treatment.

Modified Rankin Scale (mRS) Scalefor measuring general neurologic function
0- No symptoms at all

1- No significantdisability despite symptoms; ableto
carryout all usual duties and activities

2- Slightdisability;unableto carryout all previous
activities, butableto look after own affairs without
assistance

3- Moderate disability; requiringsome help, but able
to walk without assistance
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4- Moderately severe disability; unableto walk
without assistanceand unableto attend to own bodily
needs without assistance

5- Severe disability; bedridden, incontinentand
requiringconstantnursingcareand attention

6- Dead

mRS certified independent assessor

To become a certified independent assessor for mRS,
the assessor should havepassed a certification exam
via online portal BlueCloud (or have evidence of a
previous certification withinthelast2 years).The
assessor,oncecertified, will only betasked with
performing the mRS assessmentfor the trial and will
have no other responsibilities or duties associated
with the trial.

National Institute of Health Stroke Scale (NIHSS)

Tool to quantify neurological impairmentcaused by
stroke

Neurological Death

Any subjectdeath where the primarycauseis
identified as neurological.

Parent Artery Stenosis

Any visually assessed parentartery stenosis report of >
1% stenosis of the parent vessel in the region of
device placement on follow-up imaging. Stenosis will
be classified in the bellow quartiles:

1-25%

>25%- < 50 %
e >50%-<75%
>75-100 %

Each Parent Artery Stenosis event will also be
adjudicated with reference to symptoms reported for
the subject:
-Asymptomatic: No symptoms reported that
are presumed to be related to the device
complication.

-Symptomatic: Symptoms reported that are

presumed to be related to device

complication.
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Per-protocol (PP) population

Per-protocol populationis ITT subjects excluding the
following subjects:

- Subjects with use of more than 1 treatment
device other than Pipeline™ Vantage
Embolization Device with Shield Technology™
(e.g., adjunctivecoils)duringindex procedure

- Subjects with failed implantation of study
device atindex procedure

- Subjects assessed as mRS 23 at baseline by
independent and certified assessors

Principal Investigator (PI)

Qualified person responsible for conducting the
clinicalinvestigationataninvestigation site (ISO
14155:20113.33)

Procedure

The primary study procedure involving the placement
of the Pipeline™ Vantage Embolization Device with
Shield Technology™ atDay 0.

Procedural Technical Success

Procedural Technical Successis measured by the rate
of successful implantation of the study device during
the study index procedure at the target siteregardless
of the number of devices deployed andimplanted at
the target site.

Recurrence

Aneurysm achieving complete occlusion (Raymond
Roy 1) followed by incomplete occlusion (Raymond
Roy 2 or 3) at follow-up exam, as assessed by Core Lab

Serious Adverse Device Effect (SADE)

An adversedevice effect that has resulted inany of
the consequences characteristic of a serious adverse
event. (1SO 14155:2011 3.36)

Serious Adverse Event (SAE)

An adverseevent that:
a) Led to death,

b) Led to serious deteriorationinthe health of the

subject, that either resulted in
1. Alife-threateningillness orinjury, or

2. A permanent impairment of a body
structure or a body function, or
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3. In-subjector prolonged hospitalization, or

4. Medical orsurgicalintervention to prevent
life-threateningillnessorinjury or
permanent impairment to a body structure
or a body function,

c) Led to fetal distress, fetal death or a congenital
abnormality or birth defect (ISO 14155:2011
3.37)

Note: Planned hospitalization for a pre-existing
condition, or a procedure required by the CIP, without

serious deteriorationin health,is not considered a
SAE.

Stroke Stroke is defined as a focal neurological deficit of
presumed vascularorigin persisting 224 hours from
symptom onset and a neuro-imaging study or other
guantitativestudy that does not indicatea different
etiology. The 24-hour criterionis excluded if the
subjectundergoes cerebrovascularsurgeryor dies
duringthe first24 hours.

The definitionincludes:

e Subjects presenting with clinical signsand
symptoms suggestive of SAH, intracerebral
hemorrhage, or cerebral infarction.

e Sudden loss or worseningof visual acuity dueto
retinal artery occlusion or retinal emboli.

The definition excludes:

e Slowly progressivecranial nerve palsies or
progressivevisualfield deficits dueto continued
aneurysm growth.

e Stroke events incases of blood disorders such as
leukemia or external events such as trauma.

Stroke severity will begraded as:

e Major Stroke: A stroke, which is present for>24
hours andincreases the NIHSS of the subjectby >
4.
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e Minor Stroke: A stroke, whichis present for 224
hours andincreases the NIHSS of the subjectby <
3.

NIHSS will be documented at the time of presenting
with Stroke Symptoms, 24 hours later and at the time
of discharge from the hospital where applicable with
date and time of assessment.

Stroke Etiology Will benoted as:

e Ischemic (when the primary cause of the stroke is

ischemic)

e Hemorrhagic: Stroke occurringfollowingan

aneurysm rupture or rapidly progressing sub
arachnoid or IPH.

Stroke Outcome will be noted with respect to mRS
(assessed ata minimum of 90 days poststroke event)
ateach yearly study follow-up (1 year, 2 year, 3 year).:

o Disabling (mRSwith poor functional

outcome i.e. 23 points)

o Non-Disabling (mRS with good functional
outcome 0-2 points)

Successful puncture at the arterial access site

Successful placement of sheath into the arterial access
site

Target Aneurysm Retreatment

Any retreatment of the target aneurysmafter the
primary study procedure implantation with the study
device

These events will befurther categorized by:

e Planned: Retreatment procedure that pre-planned
(elective) and occurs in patients with no declinein
neurological status.

e Unplanned: Retreatment procedure that is either
treatment emergent or occurs in patients with

declinein neurological status

Target Aneurysm Rupture

Any rupture of the target aneurysm (aneurysm treated
during the study index procedure). This will be further
characterized as:
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e Intra-procedural — occurringduringthe index

procedure

e Post-Procedural- occurringanytime post-index
procedure

Thromboembolic Complications

Procedural complication dueto clot(thrombus
formation) duringthe procedure thatis visualized on
angiography, limits blood flow through the vessel
under treatment and requires intervention or causes
neuro-imaging changes (infarctions). Further
categorization will be provided for those events that
meet the definition of:

e Distal Thromboembolic Complication: Thrombus
(or partof) that has broken off from the territory
where it formed (e.g. treated vascularterritory)
andtraveled to a distal location (e.g. untreated
vascularterritory) presumed to have occurred
duringthe study procedure.

For each thromboembolic complication, the
disposition of patientimpact status will be providedin

terms of:

e Symptomatic: Resultinginfocal neurological
status decline (Stroke, Symptomatic Cerebral
infarction, TIA)

e Asymptomatic: Resultingin no focal neurological
status declineandincludes silentcerebral
infarctions.

Transient Ischemic Attack (TIA)

Focal neurological deficitsymptoms lasting <24 hours
(transient) with no evidence of cerebral infarction on
imaging.

Unanticipated Adverse Device Effect (UADE)

Any serious adverse effect on health or safety or any
life-threatening problem or death caused by, or
associated with, a device, if that effect, problem, or
death was not previouslyidentified in nature, severity,
or degree of incidencein the investigational plan or
application (including a supplementary plan or

application), or any other unanticipated serious
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problem associated with a device that relates to the
rights, safety, or welfare of subjects (21 CFR 812.3 (s))

Unanticipated Serious Adverse Device Effect (USADE)

A serious adversedevice effect which by its nature,
incidence, severity or outcome has not been identified
inthe current version of the riskanalysis report. (ISO
14155:20113.42)

Vascular Complications

Includes complications of the procedure thatresultin
vascularinjury dueto introduction of ancillary devices
(access catheters, sheaths, microcatheters, study
device). These includethe following:

e Dissection: Physical separation of intima that
results in exposureof internal arterial walllayers
(media and/or adventitia) to blood.

e Perforation: A tear or holeplacedina vascular
structure of small nature, results in blood loss,
but may not be as severe as a great vessel tear

e  Rupture: Rupture created entirely through the
arterial wall causing significantamount of blood
loss.

e Vasospasm: Vasoconstriction observed during
study procedure access of the aneurysm or
treatment with study device.

The vascular complications will be further classified as:

o Intra-Cranial: Observed within the cerebral
vessels (cerebral vasospasms)

o  Extra Cranial: Observed in neck vessels eg.
external carotid artery

o Peripheral: observed in the peripheral
arteries e.g. femoral, radial, aorticetc.

Visual Symptoms (Ipsilateral)

All visual symptoms thatappear as either a worsening
from baselineor are new events from baselineandare
presumed to be related to the studytreatment inthe
absence of evidence of cerebral ischemia and not
qualifying foripsilateral cranial nerve palsies or
neurological deficits
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These will be categorized further in the following
symptom classifications with one event denoted to a
singlesymptom:

e BlurredVision
e Scintillations (e.g., Flashes of Light)

e Eye Floaters (temporary clumpy obstruction of
vision)
e Diplopia(doublevision)

e Retinal artery occlusion (evidence of retinal
artery occlusion on funduscopicexam)

e Visual disturbance, Not Otherwise Specified
(NOS)

Inaddition, where known a categorization of symptom
frequency will bedone into one of the followings:

o Transient: Continuous symptoms resolving
within the study period.

o Permanent: Continuous symptoms persisting
atthe end of the study period.

o Intermittent: Non-continuous symptoms
appearingand disappearing within the study
period.
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3. Synopsis

Title A Study of the Pipeline™ Vantage Embolization DeVice with Shield
Technology™ for EndovAscular TreatmeNt of Wide-NeCked Intracranial
AnEurysms

Clinical Study Type Investigation Device Exemption (IDE) Study (Interventional)

Product Name Pipeline™ Device Family with Shield Technology™ (referred to as Pipeline™
Vantage Embolization Device with Shield Technology™ in this CIP)

Sponsor Micro Therapeutics, Inc. d/b/a ev3 Neurovascular (a wholly owned subsidiary
of Medtronic)

Indication under The Pipeline™ Vantage Embolization Device with Shield Technology™ is

Investigation intended for endovascular treatment of adults (22 years of age or older) with

wide-necked intracranial aneurysms located in the internal carotid artery (up
to the terminus).

Investigation The investigation purpose is to assess the safety and effectiveness of the

Purpose Pipeline™ Vantage Embolization Device with Shield Technology™ in the
treatment of intracranial aneurysms within the intended indication for use.

Product Status Pipeline™ Vantage Embolization Device with Shield Technology™,
investigational productin U.S.

Primary Objective The primary objective of the study is to assess the safety and effectiveness of

the Pipeline™ Vantage Embolization Device with Shield Technology™ in the
treatment of intracranial aneurysms within the intended indication for use.
Primary Effectiveness Endpoint: Incidence of complete aneurysm occlusion
(Raymond Roy Scale Class 1) without significant parent artery stenosis (<50%)
Primary Study or retreatment of the targetaneurysm at 1-year post-procedure.

Endpoints

Primary Safety Endpoint: Incidence of majorstroke inthe territory supplied by
the treated artery or neurological death at 1-year post-procedure.

Secondary Objective | The secondary objective of the study is to assess the safety and effectiveness
of the Pipeline™ Vantage Embolization Device with Shield Technology™ in the
treatment of intracranial aneurysms within the intended indication for use.

Secondary Effectiveness Outcome measures:

Endpoint(s . . . ,
point(s) 1. Incidence of successful deviceimplantation at the targetsite

2. Incidence of complete aneurysm occlusion (Raymond Roy Class 1) at 1-
and 3-years post-procedure

3. Incidence of target aneurysm recurrence at 1- and 3-years post-
procedure
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Safety Outcome measures:
1. Incidence of majorstroke inthe territory supplied by the treated artery
or neurological death at 2- and 3-years post-procedure

2. Incidence of majorstroke inthe territory supplied by the treated artery
or neurological death at 30 days post-procedure

3. Incidence of delayed intraparenchymal hemorrhage >30 days post-
procedure through 1-year post-procedure

4. Incidence of subjects with disabling strokes that have amRS decline to
a score of 3 or more (MRS > 3) due to a stroke-related cause assessed
at a minimum of 90days post-stroke eventat 1 year, 2 year, and 3 year
post-procedure

Study Design A prospective, global, multi-center, single-arm, IDE clinical study
e EnrollmentDuration: Approximately 1year
e Follow-up:3years

e Total Study Duration: Approximately 4years

Sample Size Up to 140 subjects may be enrolled (consented) to ensure 100 evaluable
subjects undergo attempted treatment with the Pipeline™ Vantage
Embolization Device with Shield Technology™ at up to 30 sites, including up to
25 sitesinthe U.S. and up to 5 sites outside U.S. (OUS). The targetsample size
for thisclinical investigation is 100 patients enrolled and treated and followed
for safety events with the expectation of having follow-up imaging at 1-year
post-procedure on a minimum of 80 patients.

Inclusion/Exclusion | Inclusion Criteria:
Criteria Imaging Criteria (Core Lab Assessed)

1. Subjecthasa targetintracranial aneurysmlocatedinthe internal
carotid artery (up to the terminus).

2. Subjecthasa targetintracranial aneurysm with ananeurysm neck
>4mm or a dome-to-neck ratio of < 2.

3. Subjecthasa targetintracranial aneurysmthathasa parentvessel
with diameter 1.5-5.0 mm distal/proximal to the targetintracranial
aneurysm.

Clinical Criteria

4. Subject(orsubject’slegally authorized representative) has provided
writteninformed consent usingthe IRB/REB and Medtronicapproved
Informed Consent Form and agrees to comply with protocol
requirements. HIPAA/data protection authorization has been
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10.

11.
12.

13.

14.

Exclusion Criteria:
Imaging Criteria (Core Lab Assessed)

Clinical Criteria

provided andsigned by the subject (or subject’s legally authorized
representative).

Age 22-80 years at the time of consent.

Life expectancy 23 years

Subjecthasa mRS< 2 at baseline to be determined by acertified
independent assessorat the site.

Subjecthas already been selected forendovasculartreatment of the
target aneurysm.

Subject’s last recorded P2Y,, reaction units (PRU) value is between
260 and <200 prior to study procedure. For OUS sites, a
Thromboelastogram (TEG) test may be carried out instead of the PRU
test(depending on PRUtest availability). In cases where TEG testis
carried out, the subject should have a pre-procedure therapeutic
ADP% between >30% to <90%.

Subject has multiple increased risk factors forintracranial aneurysm
rupture, including but notlimited to, aneurysm morphology, smoking,
hypertension, diabetes, age, priorand/orfamily history of rupture,
and/or history of subarachnoid hemorrhage that mayresultina
benefitrisk profile of endovascular treatment to outweigh the risks of
intracranial aneurysm rupture during the subject’s expected lifetime if
left untreated.

Subject hasinternal carotid artery bifurcation aneurysm.
Aneurysms thatarise from the Posterior Communicating Artery
(PComm).

The internal carotid artery aneurysms of the C7 segment willbe
excluded underthe following conditions:

a. Observedfetal posteriorcommunicatingartery (PComm) (A
PComm of fetal originis defined as asmall, hypoplastic, or
absent P1segmentof the posteriorcerebral artery (PCA) with
the PComm artery supplying a majority of blood flow to the
P2 and higherordersegments of the PCA)

b. PCommoverlappingwiththe aneurysm neck

c. PCommbranch arisingfromthe dome of the aneurysm

Subject has aneurysmarising frominternal carotid artery butis
primarily fed by posteriorcirculation (i.e., retrograde flow from the
basilarartery) as confirmed by DSA
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

Subjectrequires treatment of anotheraneurysm (with another
treatment modality) within the affected territory of the target
aneurysmduringthe study period.

Subjecthasreceived anintracranial implant (e.g. coils)in the area of
the target intracranial aneurysm within the past 6 months priorto the
study procedure.

Subjecthas had a SAH and/ortarget aneurysm rupture in the past 30
days prior to the study procedure.

Subjecthasundergone asurgeryincluding endovascular procedures
inthe last 30 days priorto the study procedure.

Vessel characteristics (e.g. severetortuosity, stenosis, morphology)
that preclude safe endovascularaccess to the aneurysmto allow for
necessary accessto treat with the study device.

Aneurysmvessel characteristics (e.g., parentvessel stenosis, irregular
morphology) that would preclude the device from fully conforming to
the parentvessel toreduce any risk of emboliccomplications, re-
treatment, or device movement.

Subject has active vasospasm, malignant brain tumororvascular

malformation (e.g. arteriovascular malformation).

History of majorbleeding disorder (based on coagulation profileand
platelet count) and/orsubject presents with signs of active bleeding.
Subjectrequiresadjunctive device use (e.g. coils) during the index
procedure.

Subject has extradural targetaneurysm <12mm whichis not
symptomaticornot exhibitinganeurysm growth (exception: unless it
isa fusiformaneurysm<12mm i.e., asymptomaticextradural fusiform
aneurysms <12 mmcan be included).

Any known contraindication to treatment with the Pipeline™ Vantage
Embolization Device with Shield Technology™, or use of antiplatelet
therapyincluding:

a. Active bacterial infection
b. Contraindicationto DAPT agents

Pre-existing stent is in place in the parent artery at the target
intracranial aneurysm location

Platelet count<100 x 10® cells/mm?3orknown platelet dysfunction.
The Investigator determines that the health of the subject or the

validity of the study outcomes (e.g., high risk of neurologicevents,
conditions that mayincrease the chance of stroke) may be

compromised by the subject’s enrollment.
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29. Subjectis pregnantor wishesto become pregnantduringthe first
year of study participation.

30. Subjectis participatinginanotherclinical trial atany time during the
duration of the study that could confound the treatment or outcomes
of thisinvestigation.

31. Subjectwith known allergy to platinum or cobalt chromium alloy
(including the major elements platinum, cobalt, chromium, nickel or
molybdenum).

32. History of previous acute ischemicstroke

33. Subjectisunable toundergo DSA or CTA imaging at follow-up.

Study Procedures Treatment/Follow-up:

and Assessments The study will consist of the following study visits:

e Baseline
e  Pre-Procedure
e  Post-Procedure
e  Discharge exam
e  30-day follow-up
e  180-day follow-up
e 1l-yearfollow-up
e 2-yearfollow-up
e  3-yearfollow-up
Eligible subjects will be treated with the Pipeline™ Vantage Embolization

Device with Shield Technology™ perthe Instructions For Use (IFU).

All subjects will receive DAPT pre-and post-procedure as described in the
protocol.

A schedule of assessments to be performed at each study visitis listed in the
table below:
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Baseline Procedure e Follow-up
Visits exam
[“EIJ mﬂ] Day 1-7 30-day 1B0-day 1-year 2-year 3-year . cl::ul ed
E = + ¥ + ¥
Assessments Sl o B O ol = = = I~ =
Assess Inclusion/Exclusion X X
Informed Consent X
Demographics X
Medical History X
Risk Factors X
Pregnancy Test X5 W X5 W
WBC X
Platelet count X1
Coagulation Profile [PT/aPTT) e
Platelet Reactivity Testing X
Protocol ified icati X X X X X X X X X X
Concomitant Medications X X X X X X X X X X
DSA Imaging X X X X X X X
MRA x X X X
CTA Wi i1 X+
Meodified Rankin Scale (mRS) X X kS X X X X X
NIH Stroke Scale X X LS
Neurological Exam X X X X X X X X
Assess Adverse Events Xz X X X X X X X X X

* Rizk factors to be assessed and collected for all subjects regardiess of aneurysm size

*The baseline DSA, CTA DR MRA images must be taken no mare than 90 calendar days prior to the pracedure nd core lab can use this for diagnastic or eligibility determination_ Note that
the pre-procedure exam for imaging would be with 2 D3A.

*If zneurysm is not accluded at 1 yesr or subsequent follow-up visits, DSA must be performed at 2- snd 3- year follow-up. I child bearing potential woman becomes pregnant during the
study, subject may obtain MRA without contrast instead of DSA.

4Ta be collected if conducted per standard of care

* mRS to be carried out by 2 certified indepandent assessor at the site. To become a certified independznt assessar for mRS, the 3ssessor should have passed a certification exam via
online portal BlueCloud [or have evidence of 2 previous certification within the last 2 years). The assessor, once certified, will only be tasked with performing the mRS assessment for the
trial and will have no other responsibilities or duties associated with the trial.

#Pregnancy test (serum ar urine] only required for females of childbearing potential. Females wha are surgically sterile or post-menapausal are not required to take a pregnancy test. At
the 2- and 3- year follow-up, pregnancy test is only required for female subjects of childbearing potential that are undergaing D34 imaging.

"I PRU is found below 60 or above 200 on the day of the procedurs, the precedure should be delayed until it is within therapeutic range. In such cases, bassline measurements should be
repeated If the next procedure is scheduled >30 days from the initial baseline measurements. If pracedure is performed <30 days from the initial baseline measurements, the PRU must
be repeated, however, the baseline measurements may be repeated per standard of care at the treating hospital. For OUS sites, a TEG test may be carried out instead of the PRU test
(depending on PRU test availability). In cases where TEG test is carried out, the subject should have a pre-procedure therapeutic ADPS between >20% to <30%. If ADF% is <30% or »30%
on the day of the procedure, the procedure should be delayed until it is within therapeutic range. In such cases, baseline measurements should be repeated if the next procedure is
schedule »30 days from the initial baseline measurements. If procedure is performed <30 days from the initiz| baseline measurements, the TEG measurements must be repeated but the
other haseline maasurements may be repeated per standard of care 2t the treating hospitz|. Mote: treating physicians should sl assess if ARU testing is required to 2ssecs aspirin
responsiveness based on subject condition and response (per standard of care)

#For stroke events, mRS should be performed minimum of 90 days post event and NIHSS should be performed at the time of event and 24 hours after event.

4DSA at pre-procedure to be used for final aneurysm measurements can be done any time prior to the index procedure

%0 Can be done any time prior to the index procedure

*1f DSA not collected per standard of care, subject must underge CTA imaging. For follow-up images after the 1-year follow-up, under certain conditions, MRA imaging may be abtained
instead of a DSA or CTA imaging e.g., subjects with iodine allergies, borderiine renal function, pregnancy, or concerns over excessive radiztion. The justification for using MRA over DSA or
CTA should be captured in the case report form. Precaution: DSA or CTA imaging are preferred over MRA imaging due to the risk of reduced image quality (artifact) when attempting to
visusliza near or inside the implanted device with MRA imaging. Note that MRA should not be used for any follow-up imaging within 1-yesr

“2Assess adverse events after informed consent is signed.

Statistics Primary Hypothesis for Evaluating Study Success

The hypothesis for evaluating the primary safety endpoint will be evaluated
accordingto the following 2 requirements:

Requirement 1: The incidence of primary safety events must be <7%, and
Requirement 2: The null hypothesis must be rejected infavor of the alternative:

H,: Incidence at 1-year post-procedure of majorstrokeand/or neurological
deathis> 14.0%

H.: Incidence at 1-year post-procedure of major stroke and/or neurological

deathis< 14.0%
Giventhe primary safety endpointreported in PMA P100018 (PUFs)was 5.6%,
an incidence of <7% for the primary safety endpoint would be considered
clinically acceptable within the confines of a study of this general size. If the
incidence of primary safety eventsis <7% and the upper bound of the 1-sided
97.5% exactbinomial confidence intervalis <14%, the primary safety endpoint
will have been met.

The primary effectiveness endpoint is the incidence of complete aneurysm
occlusion (Raymond Roy Scale Class 1) without significant parent artery
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stenosis (< 50%) or retreatment of the target aneurysm at 1l-year post-
procedure. The incidence will be summarized using counts and percentages;
the 1-sided upperbound of the 97.5% confidence limit for the incidence will be
evaluated relative to the a priori threshold of 50%. The hypothesis for
evaluatingthe primary effectiveness endpointis stated below:

Ho: Incidence at 1-year post-procedure of complete aneurysm

occlusion withoutretreatment or significant parent artery stenosis is <

50.0%

H.: Incidence at 1-year post-procedure of complete aneurysm

occlusion without retreatment orsignificant parentartery stenosis is >

50.0%
The pre-specified threshold of 50% for effectiveness endpoint is based on the
effectivenessthreshold of the recent PREMIER study withthe Pipeline™ Device.
This threshold must be exceeded at a certain magnitude to reject the null
hypothesis and merely serves a statistical boundary for analysis. If the upper
bound of the 1-sided 97.5% exact binomial confidence intervalis >50%, the
primary effectiveness endpoint will have been met.

Sample Size

The target sample size for this clinical investigationis 100 patients enrolledand
treated and followed for safety events with the expectation of having digital
imagery at 1-year post-procedure on a minimum of 80 patients. To calculate
the sample size, simulations were prepared in SAS assuming an observed
incidence inthe ADVANCE IDE study of primary safety events rangingfrom 5.6%
to 6.9%. With 100 patients and an observed incidence of safety event from
5.6% to 6.4%, the powerexceeded 80%. Between the ranges of 6.5% to 6.9%,
the power ranged from 79.8% to 74.7% for the primary safety endpoint and
slightly below 80%. Althoughthe poweris lessthan 80 when the incidence of
safety events was 6.5% or higher, the power was still considered adequate
when contrasted against the actual upper bound of the 1-sided 97.5% exact
binomial confidenceinterval. Specifically, if 7of the 100 patients experiencea
primary safety event, the upper bound of the 1-sided 97.5% exact binomial
confidence interval would be 13.89% and below the 14% threshold.

For primary effectiveness endpoint, the powerwas estimated for an observed
rate between 65% to 80% considering sample sizes from 80 to 100 patients.
With atype 1 errorrate of 2.5%, 100 patients would have 82.8% power to reject
the null hypothesisif the observedincidence of complete aneurysm occlusion
without parent artery stenosis or retreatment was 65%. Under the same
scenario with 80 patients, the powerwould be 83.5% if the observed inddence
of complete aneurysm occlusion without parent artery stenosis was 67%. To
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ensure atleast 95% power with 80 and 100 patients, the observed incidence of
complete aneurysmocclusion without parent artery stenosis would need to be
a minimum of 71% and 69%, respectively, which is relatively in-line with the
previous results with the results from previous Pipeline studies.

Statistical Analysis

With the general exception of the tests comparing the response to an a priori
threshold, all statistical tests will be 2-sided, performed atthe 5% significance
level. Baseline is defined as the last observation recorded prior to the study
procedure.

The primary effectiveness endpoint is the incidence of complete aneurysm
occlusion (Raymond Roy Scale Class 1) without significant parent artery
stenosis (< 50%) or retreatment of the target aneurysm at 1l-year post-
procedure; the 1-sided lower bound of the 97.5% confidence limit for the
incidence will be evaluated relative to the a priori threshold of 50%. The
primary presentation of the results forthe ITT population will be based on the
observed data with multiple imputation for missing endpoint data using SAS
PROC MI.

The primary safety endpoint is the incidence of major stroke in the territory
supplied by the treated artery or neurological death recorded within 1 year of
the study procedure. The incidence will be summarized using counts and
percentages; the 1-sided upper bound of the 97.5% confidence limit for the
incidence will be evaluated relative to the a priori threshold of 14%.
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4. Introduction

4.1. Background

Intracranial aneurysms are common vascularabnormalities estimatedto occurin 3-5% of the population.*
8 Intracranial aneurysms can be classified accordingto size: small (<7 mm), medium (7-12mm), large (13-
24 mm), and giant (225 mm). In terms of aneurysm morphology, the majority are saccular and are
classifiedinto either of two anatomical locations: side-wall or bifurcation aneurysms. The neck of the
aneurysmforboth of these aneurysm subtypes can be either narrow (<4 mm) or wide (=4 mm).”"®

Most intracranial aneurysms are asymptomatic until they rupture, which can occur suddenly and without
warning, leading to cerebral bleeding or subarachnoid hemorrhage (SAH). SAH is a devastating
complication with areportedcase-fatality rate of up to 45%, leavingnearlyhalf of its survivorsfunctionally
incapacitated with less than 5% good outcomes.1%'! Aneurysm characteristics including larger size,
location (BasA bifurcation, vertebral/basilar artery, AcomA or PcomA), and morphology and shape
(irregularity or lobulation, size ratio > 3 or aspect ratio > 1.6) have been shown to contribute to rupture
risk.121® Other aneurysm-related factors that may impact the risk of rupture include aneurysm de novo
formation on serial imaging, contralateral steno-occlusive vessel disease, and aneurysm multiplicity. In
addition to aneurysm-related factors, several patient-related factors, such as prior individual history or
familial history of SAH, hypertension, cigarette smoking, drug use, alcohol abuse, cardiac conditions
(including atrial fibrillation, cardiac arrhythmias, congestive heart failure, and myocardial infarction),
psychiatric disorders, and epilepsy have been shown to contribute to rupture risk. Risk of aneurysm
rupture has alsobeenshownto be associated with aneurysm growth.’-2° A meta-analysis conducted by
Brinjinki etal.including 21 studies with 3,954 subjects examined the risk factors associated with aneurysm
growth. The overall proportion of growing aneurysmswas 3.0% peraneurysm-year, and aneurysm growth
was associated with a rupture rate of 3.1% per year, compared with 0.1% per year for non-growing
aneurysms (p < 0.01). Recent data suggests that aneurysmal growth is likely non-linear and occurs in
episodes of instability and growth followed by periods of stability, which could add to the risk of rupture
regardless of size.?! Given the high mortality rate and poor prognosis associated with ruptured intracranial
aneurysms, the goal of aneurysmtherapyistoreducethe incidence of spontaneous rupture orto alleviate
symptoms of mass effect related to aneurysm growth. The anatomic goals of intracranial aneurysm
treatment are 1) to completely isolate the aneurysm sac from the circulation (i.e. complete occlusion)
and, 2) to restore the morphologicintegrity of the parentartery.??

In evaluating intracranial aneurysm treatment options, physicians commonly consider both surgical
clipping and endovascular therapy, which differ in their ability to achieve complete occlusion. Surgical
clipping of intracranial aneurysms is generally associated with good aneurysm occlusion, but high
procedure-related mortality and morbidity rates. Endovascular treatment generally provides a safe and
effective alternative to surgical treatment. Prospective controlled trials have demonstrated that
endovascular coil embolizationis associated with better outcomes compared to surgical clipping.2-2?
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In cases of wide-neck aneurysms, which are difficult to treat with coils alone, stent-assistance can be
employed to prevent coil protrusion into the main vessel lumen. Stent-assisted coiling (SAC) uses
conventional intracranial stents with low-metal-surface-area (high porosity), which are labeled as a
humanitarian use device in the U.5.28 SAC is used to treat wide-neck aneurysms by the scaffold they
provide and can provide betterinitial occlusion rates while sparingthe parentartery lumen and decrease
likelihood of recanalization by altering the intra-aneurysmalhemodynamics.%®

Although SAC of wide-necked aneurysmsof varioussizes represents a well-established and widely-applied
treatment option, thistreatment approach may be associated with sub-optimal long-term outcomes. In
particular, SAC has shown diminished efficacy in the treatment of large and giant complex aneurysms,
differing widely in terms of reported occlusion rates, ranging from 48-87.3%.28-3* Furthermore, despite
achieving complete occlusion, coil compaction over time may lead to aneurysm recurrence, necessitating
retreatment. In asystematicreview by Shapiro etal. on 39 published studiesincluding 1,517 subjects with
various-sized aneurysms treated by stent-assisted coiling, complete aneurysm occlusion was achieved in
61% of subjects at various follow-up times among studies.>* In the same review, aneurysm recanalization
was reportedin 14% of subjects.3® In other publishedliterature on SACforthe treatment of aneurysms of
varioussizes, recanalization after treatment with coiling or SAC has been reportedat rates between 16.8%
and 59.1% for large/giantaneurysms®6-* and between 6.2% and 16.9% for small/medium aneurysms.*#
Recurrence rates as high as 16.9% in small/medium aneurysms and 59.1%*® in giant aneurysms after
coiling alone, and as high as 10.5% for small/medium aneurysms after stent-assisted coiling have been
reportedinthe literature.

Complications following SAC of large and giant complex aneurysms include neurological morbidity, such
as ischemic and hemorrhagic events. 2834 Reported morbidity rates ranged from 0-9.4% and a mortality
rates from 0-4.1%.%%3* Procedural and long-term outcomes across the studies evaluated indicate that the
potential harms from coiling techniques include thromboembolic/stroke (1.4-8.7%) and hemorrhage (1.7-
6%). Inthe aforementioned systematicreview by Shapiro et al., 9% of cases were confounded by technical
stent-related issues, including 4% failure of deployment.3®> The overall procedural complication rate was
19%, with a peri-procedural mortality of 2.1%. Thromboembolicissues were most prevalent at close to
10% while hemorrhagic complications occurred in 2.2% of cases—accounting for approximately 1% of all
deaths. The authors concluded that next-generationendoluminal devices will likelyexpandthe scope and
effectiveness of endovascularaneurysm treatment.3®

Flow-diverting devices represent a paradigm shift in the endovascular treatment philosophy for
intracranial aneurysms and act in a two-fold manner:

(1) They divert flow away from the aneurysm sac, thereby inducing thrombosis within the sac and
obviatingthe needfor coil embolization; and

(2) They facilitate reconstruction of the parent vessel by providing a scaffold for endothelialization.
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Pipeline™ Flex Embolization Device flow diverter is currently indicated in the US for the endovascular
treatment of adults (22 years of age orolder) with large orgiant wide-necked intracranialaneurysms (IAs)
inthe internal carotid artery from the petrous to the superiorhypophyseal segments. The Pipeline™ Flex
embolization device is also indicated for use in the internal carotid artery up to the terminus for the
endovascular treatment of adults (22 years of age or older) with small and medium wide necked (neck
width 24 mm or dome-to-neck ratio < 2) saccular or fusiform intracranial aneurysm (lAs) arising from a
parentvessel withadiameter>2.0 mm and < 5.0 mm. The Pipeline™ Embolization Device and Pipeline™
Flex Embolization Device consist of the same device implant. The main difference lies in the delivery
system. The Pipeline™ Flex Embolization Device improves on the Pipeline™ Embolization Device delivery
systemviaincorporation of aresheathing mechanismand the replacement of the Pipeline™ Embolization
Device protective coil with polytetrafluoroethylene (PTFE) sleeves. The resheathing mechanism allows
physicians to reposition and redeploy the Pipeline™ Flex Embolization Device and the PTFE sleeves
improve the physician’s ability toreleasethe implant.

Published dataon the Pipeline™ Embolization Device used to treat complex large/giant aneurysms show
rates of 68-94.4% complete occlusion that remains persistent 2-3 years after the index procedure and 0-
13.9% associated morbidityand 0-6.9% mortality.*->>The PREMIER study (Section 4.2.5) on the Pipeline™
Embolization Device and the Pipeline™ Flex Embolization Device included 119 (84.4%, 119/141) small
aneurysms (<7 mm) and 22 (15.6%, 22/141) medium aneurysms (7-12 mm). Through 1-year follow-up,
81.9% (113/138) aneurysms had complete occlusion, none (0%; 0/138) had aneurysm recurrence and
2.9% (4/139) had aneurysm retreatment; delayed intracerebral hemorrhage >30 days through 1-year
post-procedureoccurredin 0.73% of subjects and the overall mortalityrate was 0.7% (1/141). These rates
are similar to or better than those for conventional intracranial aneurysm treatment of surgery or
coiling.3®® Technical results of Pipeline™ Flex Embolization Device use show highprocedural success(93-
100%).°7-2 Additionally, the Pipeline™ Flex Embolization Device was associated withsignificant reductions
in total procedure time, fluoroscopy time, patient radiation exposure, contrast usage, and rate of
deploymentfailure compared with Pipeline™ Embolization Device.

Even though the Pipeline™ Embolization Device and Pipeline™ Flex Embolization Device have been
associated with high long-term complete aneurysm occlusion rates, low retreatmentand no recurrence
rates, one of the major concerns has been the associated ischemic complications (including
thromboembolic complications) and stenosis.®*%* Thus, the next developmental modification to the
Pipeline™ Device was adding the Shield Technology™ to the next generation device, Pipeline™ Flex
Embolization Device with Shield Technology™. Shield Technology™ utilizes a phosphorylcholine (PC)
surface modification to the existing implant combined with the Pipeline™ Flex Embolization Device
delivery system. The Shield Technology™ surface modification applied to the implant is an inert, PC
polymer material that is chemically bonded to the braid surface. The polymeris a chemically derived
material, created to mimicthe outermembrane of a human red blood cell. Shield Technology™ reduces
the material thrombogenicity of the braid surface compared to the bare metal PFED implant based on
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bench data with human platelets and plasma.®>®® In vitro assessment of PC-coated stainless steel
demonstrated that it is resistant to fibrinogen adsorption, platelet activation, platelet adherence, and
erythrocyte adherence.®¥7° Platelet adherence and thrombosis are also inhibited on PC-coated stents
implantedin peripheral arteries of rabbits, pigs, dogs, and baboons.®*7173 The SHIELD OUS (Section 4.2.7)
and PFLEX (Section 4.2.8) prospective, multi-centre, post-market studies were carried out to gather real-
world safety and effectiveness data of the Pipeline™ Flex Embolization Device with Shield Technology™.
These studies, combined, gathered substantial real-world evidence on more than 250 subjects. Both
SHIELD OUS and PFLEX studies achieved a high rate of complete aneurysm occlusion with the use of the
Pipeline™ Flex Embolization Device with Shield Technology™ in the treatment of intracranial aneurysms.
The incidence of major stroke, neurological death, and delayed intracerebral hemorrhage in both these
studies were low. Therefore, results from the SHIELD OUS and PFLEX studies demonstrated that the
Pipeline™ Flex Embolization Device with Shield Technology™ is effective and safe for the endovascular
treatmentof intracranial aneurysms (Section4.2.7and 4.2.8).

The latestiterationof the Pipeline™ Embolization Device, the Pipeline™ Vantage Embolization Device with
Shield Technology™ (herein afterreferred to as Pipeline™ Vantage), employs an enhanced version of the
Pipeline™ Flex Embolization Device with Shield Technology™. Pipeline™ Vantage implant is a braided,
multi-alloy, mesh cylinder woven from Drawn Filled Tubes (DFT) constructed from cobalt-chromium-
nickel (MP35N LT) that is filled with a platinum core. The implant is modified with an inert surface
treatment (Shield Technology™) thatincorporates adurable, non-reactive material specifically designed
to mimic human red blood cell membrane. The surface treatment is primarily composed of a
phosphorylcholine polymer (Lipidure®-NH01). Design enhancements to the braided implant (Section
7.1.1) are intended to enhance radiopacity, delivery forces, distal, middle and proximal opening. The
delivery system (Section 7.1.1.4) utilizes a single tapered core wire for improved one to one response,
includingalarger proximal portion forenhanced pushability. The newly designed Advanced Resheathing
Mechanism (ARM) engages the pores of the braid to enable resheathing with enhanced reliability. Design
enhancements to the delivery system are intended to enhance tactile feedback, delivery forces and
include alow-profile delivery.

For pre-clinicalapplication, 9 published pre-clinical studies analyzed thrombogenicity, endothelialization,
stenosis, and aneurysm occlusion for Pipeline™ Flex Embolization Device with Shield Technology™.”##
Three of these studies’*”>8! compared thrombogenicity of Pipeline™ Shield to other flow diverters such
as Pipeline™ Embolization Device (PED),”® Pipeline™ Flex,*8! SILK+,’* P64,%' Derivo®,8! and Flow
Redirection Endoluminal Device (FRED™)’*7> in vitro under varied antiplatelet regiments. These studies
reported that the Pipeline™ Shield device led to significantly lower thrombin generation,”*®' platelet
activation,®' aggregation,®® and deposition on device surface,”>® and significantly lower fibrin
accumulation’® than the other flow diverters studied, with or without antiplatelet therapy. These results
provided clinically relevant evidence that the Shield Technology™ surface modification of endoluminal
stents could be an effective method to mitigate thrombogenic complications associated with aneurysm
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treatments. Further, 6studies’®8%2 comparedthe Pipeline™ Shield device to the otherflowdiverters such
as PED,”%77.7982 pipeline™ Flex,’®® and FRED™?? using animal models. Under various single or dual
antiplatelet therapy regimens, Pipeline™ Shield implantation was shown to be associated with less
thrombus formation on the surface of the device,””2%82especially post-angioplasty.®2 As compared to PED,
in-stent stenosis was reduced in Pipeline™ Shield without DAPT’® and was reported as 0% with DAPT,”
and neointimal hyperplasia was reducedwithout reducing aneurysm occlusion.”® At the same time, these
studies demonstrated faster endothelium growth®® with more evenly distributed concentric neointimal
formation,”® comparable neointimal volume (to other flow diverters),’®8° and earlier healing response’
after the Pipeline™ Shield device implantation. Overall, the published in-vivo preclinical studies
demonstrated thatthe Shield Technology™ resulted inreduced thrombus formation and in-stentstenosis;
while demonstrating similar occlusion and fasterand more uniform healing response as compared to the
previous generations of PED and otherflow diverters.

4.2. Clinical Experience with the Pipeline™ device

The clinical benefits achieved with the use of use of Pipeline™ Embolization Device have been consistently
demonstrated in multiple clinical trials.?%-°%>2-548388 pipe|ine™ Embolization Device demonstrates high
efficacy and a good safety profile in treating aneurysms of diverse morphology, ranging from small to
more complex and difficult to treat aneurysms (e.g.large aneurysms, wide-neck aneurysms, or aneurysms
with complex morphology).>%>45>8%-%! Clinical outcomes from 8 key studies on the Pipeline™ Device
(including, Pipeline™ Embolization Device, Pipeline™ Flex Device, and Pipeline™ Flex with Shield
Technology) have been summarized below.

4.2.1. PITA: Pipeline for Intracranial treatment of Aneurysms

The PITA study was the first prospective multi-center trial of a flow-diverting construct forthe treatment
of complex intracranial aneurysms. Thirty-one subjects with wide-necked (>4 mm) and unfavorable
dome/neck ratios (<1.5 mm) and subjects with an intracranial aneurysm that had failed previous
endovasculartreatment wereincluded. Ofthe 31aneurysms, 65% were small (<10 mm) and the remaining
35% were large and giant in size. In total, 46 of 47 Pipeline™ device braids were placed successfully
(97.9%). In 30 out of 31 subjects, the entire neck of the targetedintracranial aneurysm was covered by
the Pipeline™ device braid. Complete aneurysm occlusion was observed in 93.3% (28/30) subjects at 180
days. Two subjects experienced a major peri-procedural stroke and no deaths occurred.

4.2.2, PUFs: Pipeline™ Embolization Device for Uncoilable or Failed Aneurysms

The PUFs study was a multi-center, prospective, single-arm trial to evaluate the safety and effectiveness
of the Pipeline™ Embolization Device (PED) in complex large and giant intracranial aneurysms. One
hundred seven subjects with large and giant unruptured wide-necked aneurysms in the petrous to the
superior hypophyseal segment of the ICA were treated with the PED. The aneurysms measured 210 mm
in diameter and had eithera neck 2 4 mm or no discernable neck. A total of 104 subjects with 106
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aneurysmswere includedin the primary effectiveness cohortand evaluated by anindependent core lab.
Of the 106 aneurysms, 78 demonstrated complete occlusion without major stenosis at 180 days (73.6%;
95% posterior probability interval: 64.4%—81.0%). At one year, 86.8% (79/91) of the target aneurysms
were completely occluded. This rate increased to 95.2% (59/62) complete occlusion at five years. There
were no cases of aneurysm recurrence. The primary safety endpoint was the occurrence of major
ipsilateral stroke or neurologic death at 180 days, which occurred in six of the 107 subjects (5.6%; 95%
posterior probability interval: 2.6%—-11.7%). At five year follow-up, and the rate of majoripsilateral stroke
or neurologicdeath remained 5.6%.%2

4.2.3. IntrePED: International Retrospective Study of the Pipeline™ Embolization Device

The IntrePED study was a retrospective global post-market study of subjects treated with the PED at 17
centers worldwide.?>%3 A total of 793 subjects with 906 aneurysms of various sizes and locations were
included. The median follow-up period was 19.3 months with 89% subjects with greater than 1 year
follow-up. The overall neurological morbidity rate was 7.4% (59/793) and the neurological mortality rate
was 3.8% (30/793). The combined neurological morbidity and mortality rate was 8.4% (67/793). The
combined neurological morbidity and mortalityforthe subset of subjects with unruptured aneurysmswas
lower at 7.5% (54/720). Data from the IntrePED study report the safety of the PED in the treatment of
variousintracranial aneurysmsin areal-world clinical setting.

4.24. ASPIRe: Aneurysm Study of Pipeline™ in an Observational Registry

ASPIRe was a prospective, multi-center, single-arm, post-market registry of 191 intracranial aneurysm
patients with 207 aneurysms from 28 worldwide centers who underwent PED treatment. The 207
aneurysmsin the study had a median follow-up duration of 6.6 months. The majority of aneurysms
treated were saccular and overall average size of treated aneurysms was 14.5 mm.

Neurological morbidity was 6.8% (13/191) and the neurologic mortality rate was 1.6% (3/191). The
combined rate of neurological morbidity and mortality was 6.8% (13/19), with the most common major
adverse event of interest being intracerebral hemorrhage (3.7%, 7/191) followed by ischemic stroke
(1.6%, 3/191). Most of the majoradverse events (6.3%, 12/191) occurred in the early post-operative phase
withinthe first 30 days following PED treatment.

Aneurysm occlusion was assessed by an independent core lab according to the Scale of Roy at last visit
for all subjects with imaging follow-up of at least 6 months. The median follow-up duration was 7.8
months and complete occlusion was reported in 75% of subjects (77/103).

The ASPIRe registry, asa comprehensive evaluation of PED use in the real world, confirmed thatthe PED
issafe when usedforthe treatment of intracranialaneurysms in routine clinical practice, reporting a 6.8%
rate of associated major morbidity and neurological mortality.
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4.2.5. PREMIER: Prospective Study on Embolization of Intracranial Aneurysms with the
Pipeline™ Device

PREMIER was the first prospective, multicenter trial to evaluate the use of the Pipeline™ device for the
treatment of small and medium, unruptured aneurysms of the intracranial carotid and proximal vertebral
artery. The study was conductedin 1 Canadianand 22 US centers.

Atotal of 141 subjects with 141 target aneurysms weretreated in the study; target aneurysm was defined
as the largest aneurysm treated in the procedure. The majority of target aneurysms (96.5%, 136/141)
were unruptured at the time of entry into the study. The target aneurysms were mostly locatedin the ICA
(95.0%, 134/141), most of which were located in C6 (ophthalmic segment, 74.6%, 100/134) and C7
(communicating segment, 14.2%, 19/134). Five percent (7/141) of aneurysms were located in the VA. The
mean dome/neck ratio was 1.1+0.28 and the mean aneurysm size was 5.0£1.92 mm. Of the 141 target
aneurysms, 119 (84.4%, 119/141) were small (<7 mm) and 22 (15.6%, 22/141) were medium (7-12mm)
aneurysms. No large or giant aneurysms (213 mm) were included in the PREMIER Study.

Subject follow-uprates were high, with 98.6% (139/141) of subjects completingthe 1-year clinical follow-
up. Complete aneurysm occlusion without significant parent artery stenosis (<50%) or retreatment of the
target aneurysm 1-year post-procedure (primary effectiveness endpoint) occurredin 76.71% of subjects.
Occurrence of major stroke inthe territory supplied by the treated artery or neurological death at 1-year
post-procedure (primary safety endpoint) occurred in 2.17% of subjects. A total of 81.9% (113/138)
aneurysms had complete occlusion, none (0%; 0/138) had aneurysm recurrence and 2.9% (4/139) had
aneurysmretreatmentat the 1-year follow-up. There were no major strokesin the territory supplied by
the treated artery or neurological death at 30 days post-procedure due to procedural complications.
Delayedintracerebralhemorrhage >30days through 1-year post-procedure occurredin 0.73% of subjects.
The overall mortality rate was 0.7% (1/141).

Overall, ahigh rate of complete aneurysm occlusion was achieved with the use of the Pipeline™ devicein
the treatment of small/medium-sized wide-necked aneurysms. The incidence of major stroke,
neurological death, and delayed intracerebral hemorrhage in the PREMIER study were low. Therefore,
results from the PREMIER Study demonstrated that the Pipeline™ device is effective and safe for the
endovascular treatment of unruptured, small and medium, wide-necked intracranial aneurysms in the
intracranial carotid and proximal vertebral artery.

4.2.6. INSPIRE: Innovative Neurovascular Product Surveillance Registry

INSPIRE is a neurovascular registry of patients treated for either intracranial aneurysms or large vessel
occlusion-acute ischemic stroke (LVO-AIS) with a Medtronic market approved device. INSPIRE aims to
continuously assess safety and measure effectiveness of market released neurovascular products.
Additionally, the cumulatively collected high volume of patientdata drives therapy evidence to support
treatment paradigmsinthe rapidly evolving neurovasculartherapy field. The objectives of the study are
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toidentify unforeseen adverse eventsand potential signals for emerging performance issues, characterize
patient outcomes and patterns of product use, and determine predictors of performance and
effectiveness. Study endpoints are specific to each device; and include safety endpoints adjudicated by
Clinical Events Committee and effectiveness endpoints measured by an independent core laboratory.
INSPIRE was launched in December 2016; and up to July 2019 includes 600 patients with intracranial
aneurysms treated with the Pipeline™ Flex or Pipeline™ Shield flow diverting devices. Patients were
enrolled from 30 neurointerventional centers across Europe, Asia, Australia, Latin America, Middle East
and Russia. INSPIRE is the neurovascular arm of a larger global Medtronic Product Surveillance Registry
(PSR) Platform which builds on more than 25 years of post-market clinical surveillance experience.

4.2.7. SHIELD OUS: Pipeline™ Flex with Shield Technology Embolization- An International
Multicenter Observational Post Market Study of treated Intra Cranial Aneurysms

The primary objective of the SHIELD Study was to assess the outcomes of the Pipeline™ Shield devicein
subjects undergoing treatment forintracranial aneurysmsinareal-world, post-market setting. The SHIELD
study, conducted in 21 sites outside the United States (OUS), which included European Union (EU),
Australia and Israel, prospectively consented 205 subjects and attempted to treat a total of 204 target
aneurysms in 204 subjects. The aneurysms were located in the parentarteries of the ICA (segments Cl-
C7) (76.0%, 155/204), MCA (7.8%, 16/204), Vertebral Artery (6.4%, 13/204), Anterior Communicating
Artery (5.9%, 12/204), and ACA (3.9%, 8/204). The majority of aneurysms were located in the ICA (76.0%,
155/204), most of which were locatedin C6 (ophthalmicsegment, 41.2%, 84/204) and C7 (communicating
segment, 19.1%, 39/204). Of the 204 target aneurysms, 50.0% (102/204) were small (< 7 mm), 33.8%
(69/204) were medium (7-12 mm), 13.7% (28/204) were large (13-24 mm), and 2.5% (5/204) were giant
(225 mm). The majority of target aneurysms (81.4%,166/204) were never ruptured at the time of entry
intothe study, while previously ruptured targetaneurysms were reported as acutely ruptured (<30 days)
in 1.5% (3/204) and as previously ruptured >30 daysin 16.7% (34/204); rupture status was not reported
in the remaining 0.5% (1/204) of target aneurysms. Device deployment success on a subject level was
observedin 98.0% (200/204) of subjects.

In the SHIELD Study, follow-up visits were notrequired by the Clinical Study Protocol and only conducted
perstandard of care at the investigational site.In the study population, 87.3% (178/204) subjects retumed
for the 30-day follow-up visit, 81.4% (166/204) subjects returned for the 3 month follow-up visit, 91.2%
(186/204) subjects returned for the 6 month follow-up visit, and 83.8% (171/204) subjects returned for
the 1 yearfollow-up visit. Complete aneurysmocclusion without significant parent artery stenosis (< 50%)
or retreatment of the targetaneurysm 1-year post-procedure (primary effectiveness endpoint) occurred
in71.67% of subjects. A total of 75.0% (141/188) subjects had complete targetaneurysm occlusion, 0.0%
(0/204) subjects had aneurysm recurrence and 2.0% (4/200) subjects had aneurysm retreatment through
1-year follow-up; residual neck was seen in 4.8% (9/188) of subjects and residual aneurysm was seenin
20.2% (38/188) of subjects. Through 1-year follow-up, majority of subjects (98.94%, 186/188) did not have
significant stenosis, defined as >50% stenosis of the parentartery.
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Occurrence of major stroke inthe territory supplied by the treated artery or neurological death at 1-year
post-procedure (primary safety endpoint) occurred in 3.23% of subjects. Major stroke in the territory
supplied by the treated artery or neurological death at 30 days post-procedure due to procedural
complications wereobserved in 2.9% (6/204) of subjects. No delayed intracerebral hemorrhage (>30days
to 1-year post-procedure) was observed (0.0%). Overall, the incidence of major stroke, neurological death,
and delayed intracerebral hemorrhage in the SHIELD study was low. Through the 1-year follow-up, the
rate for death was 1.0% (2/204) (same for neurological death), all stroke was 6.4% (13/204), disabling
stroke as observed (including death) was 1.0% (2/200), and ICH was 4.4% (9/204). Summary of primary
endpoints of SHIELD study is presented in Table 4-1.

Table 4-1. Summary of Primary Endpoints of SHIELD Study

Endpoints Rates 2-sided 95%
exact binomial
confidence
interval

Primary Effectiveness Endpoint: Complete aneurysm ocdusion (defined as Raymond-Roy grade 11) without significant
parentarterystenosis (<50%) or retreatment of the targetaneurysmat 1-year post-procedure
FAS# population (N=200) 71.67% (64.95%,77.74%)
ICAT-FAS population (N=149) 75.30% (67.58%,81.99%)
Primary Safety Endpoint: Occurrence of major stroke in the territorysupplied bythe treated arteryorneurologicaldeathat
1-yearpost-procedure
ITT* population (N=204) 3.23% (1.27%,6.68%)
ICAT population (N=153) 3.27% (1.07%,7.46%)
*Intentionto Treat (ITT) population includes all consented subjects in whom deployment of the Pipeline™ Shield device was attempted. For
the ITT population, primary effectiveness endpoint analysis was based on Full Analysis Set (FAS) population andsafety analysis was based on

the ITT population.
#Full Analysis Set (FAS) is defined as a subset of the ITT populationincluding only those in whom the Pipeline™ Shield device was implanted.
Tinternal Carotid Artery population (ICA population) is definedas a subset of ITT population thatincluded only those subjects in whom the
Pipeline™ Shield device was implantedin the ICA (segments C2-C7). For the ICA population, primary effectiveness endpointanalysis was
based onFAS (referredto as|CA-FAS) and safety analysis was based on the ICA population.

Overall, a high rate of complete aneurysm occlusion was achieved with the use of the Pipeline™ Shield
device inthe treatment of intracranialaneurysms. The incidence of majorstroke, neurological death, and
delayedintracerebralhemorrhage inthe SHIELD study were low. Therefore, results fromthe SHIELD study
demonstrated that the Pipeline™ Shield device is effective and safe for the endovascular treatment of
intracranial aneurysms.

In summary, wide-neck aneurysms are poor candidates forendovasculartreatment with coils. Along with
the possibility of coil protrusion into the parent vessel, there are reportedly high rates of aneurysm
recurrence or recanalization after treatment.”**% Current evidence demonstrates that the Pipeline™
device meetsthe needforthe treatment of wide-neck intracranial aneurysms and resultsin highcomplete
occlusion rates, low recurrence rates and a favorable safety profile.
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4.2.8. PFLEX: Pipeline™ Flex Embolization Device with Shield Technology™ Clinical Study

The primary objective of the Pipeline™ Flex Embolization Device with Shield Technology™ Clinical Study
or PFLEX Study was to assess the outcomes of the Pipeline™ Shield device in patients undergoing
treatment for intracranial aneurysms in a real-world, post-market clinical setting. The PFLEX study was
conductedin 7 European Union study centers which prospectively consented 58 subjects and attempted
to treat a total of 50 target aneurysms in 50 subjects. Ninety-four percent (47/50) of target aneurysms
were located in the intracranial ICA (C2to C7 including the terminus),and 6.0% (3/50) of aneurysms were
located inthe vertebral artery. Most target aneurysms (48.0%, 24/50) were small (<7 mm), 30.0% (15/50)
were medium(7-<13mm), 20.0% (10/50) were large (13- <25 mm), and 2.0% (1/50) were giant aneurysms
(>25mm). Most subjects (88.0%, 44/50) had unruptured target aneurysms at the time of entry into the
study, and 6 (12.0%, 6/50) subjects had previously ruptured aneurysms (>30days) which were treated in
this study. None of the subjects had previously ruptured aneurysms acutely (<30 days from the study).
Device deployment success on a subjectlevelwas observed in 100.0% (50/50) of subjects.

In the PFLEX Study, subject follow-up rates were high, with 6-month clinical follow-up data available for
98.0% (49/50) and 1-year clinical follow-up data available for 98.0% (49/50) of subjects for analysis of
safety endpoints. Complete aneurysm occlusion without significant parent artery stenosis (< 50%) or
retreatment of the targetaneurysm 1-year post-procedure (primary effectiveness endpoint) occurred in
73.62% of subjects. A total of 78.7% (37/47) subjects had complete occlusion of their target aneurysms
and none (0%) had aneurysmrecurrence orretreatment through the 1-yearfollow-up; residual neck was
seenin 4.3% (2/47) of subjects, and residual aneurysmwas seenin 17.0% (8/47) of subjects. Through 1-
year follow-up, majority of subjects (95.7%, 45/47) did not have significant parent artery stenosis, defined
as >50% stenosis of the parentartery.

Occurrence of major stroke inthe territory supplied by the treated artery or neurological death at 1-year
post-procedure (primary safety endpoint) occurred in 0.0% of subjects. There were no major strokes in
the territory supplied by the treated artery or neurological death at 30 days post-procedure due to
procedural complications. There was no delayed intracerebralhemorrhage >30days through 1-year post-
procedure (0.0%; 0/50). The overall mortality rate was 0.0% (0/50). Summary of primary endpoints of
PFLEX studyis presentedin Table 4-2.

Table 4-2. Summary of Primary Endpoints of PFLEX Study

Endpoints Rates 1-Sided
97.5% Exact
Binomial
Confidence
Interval

Primary Effectiveness Endpoint: Complete aneurysm ocdusion (defined as Raymond-Roy grade 11) without significant

parentarterystenosis (<50%) or retreatment of the target aneurysmat 1-year post-procedure
ITT$ population (N=50) 73.62% 59.39%*
| CA# Population (N=47) 74.23% 59.24%*
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Primary Safety Endpoint: Occurrence of major stroke in the territorysupplied by the treated arteryor neurologicaldeathat
1-yearpost-procedure
ITT$ population (N=50) 0.0% 7.1%t
ICA# population (N=47) 0.0% 7.5%t
*Lower Bound of the Binomial Confidence Interval
TUpper Bound of the Binomial Confidence Interval
fIntentionto Treat (ITT) population included all consented subjects in whom deployment of the Pipeline™ Shield device was attempted.
#internal Carotid Artery Population (ICA Population) is defined as a subset of ITT population thatincluded only those subjectsin whom the
Pipeline™ Shield device was implantedin the ICA (segments C2-C7 including the terminus).

Overall, a high rate of complete aneurysm occlusion was achieved with the use of the Pipeline™ Shield
device inthe treatment of intracranialaneurysms. The incidence of majorstroke, neurological death, and
delayed intracerebral hemorrhage inthe PFLEX study were low. Therefore, results from the PFLEX Study
demonstrated that the Pipeline™ Shield device is effective and safe for the endovascular treatment of
intracranial aneurysms.

4.3. Purpose

A Study of the Pipeline™ Vantage Embolization Device with Shield Technology™ for Endovascular
Treatment of Wide-Necked Intracranial Aneurysms (ADVANCE Study) is a prospective, global, multi-
center, single-arm IDE study of the Pipeline™ Vantage deviceforthe treatment of adults (22 years of age
or older) with wide-necked intracranial aneurysms located in the internal carotid artery (ICA) (up to the
terminus). The primary purpose of the ADVANCE Study is to assess the safety and effectiveness of the
Pipeline™ Vantage device in the treatment of unruptured intracranial aneurysms within the intended
indication for use. The safety of the Pipeline™ Vantage will be assessed through incidence of major stroke
in the territory supplied by the treated artery or neurological death at 1-year post-procedure. The
effectiveness of the Pipeline™ Vantage will be assessed through incidence of complete aneurysm
occlusion (Raymond Roy Scale Class 1) without significant parentartery stenosis (< 50%) or retreatment
of the targetaneurysm at 1-year post-procedure. Additional safetyand effectiveness analyses willinclude
incidence of majorstroke in the territory supplied by the treated artery or neurological death at 2-and 3-
years post-procedure, incidence of major stroke in the territory supplied by the treated artery or
neurological death at 30 days post-procedure, incidence of delayed intraparenchymal hemorrhage >30
days post-procedure through 1-year post-procedure, incidence of subjects with disabling strokes that
have amRS decline to ascore of 3or more (mRS > 3) due to a stroke-relatedcause assessedat a minimum
of 90 days post-stroke eventat 1 year, 2 year, and 3 year post-procedure, incidence of successful device
implantation at the target site, incidence of complete aneurysm occlusion (Raymond Roy Class 1) at 1-
and 3-years post-procedure, incidence of target aneurysmrecurrence at 1- and 3-years post-procedure.
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5. Objectives and Endpoints

5.1. Objectives

5.1.1. Primary Objective(s)

The primary objective of this study is to assess the safety and effectiveness of the Pipeline™ Vantage
Device inthe treatment of intracranial aneurysms within the intended indication for use*.

*The Pipeline™ Vantage Embolization Device with Shield Technology™ is intended for endovascular
treatment of adults (22 years of age or older) with wide-necked intracranial aneurysms located in the
internal carotid artery (up to the terminus).

5.1.1.1. Primary Endpoints

5.1.1.1.1. Primary Effectiveness Endpoint

The following will be assessed for the primary effectiveness endpoint:

o Incidence of complete aneurysm occlusion (Raymond Roy Scale Class 1) without significant
parentartery stenosis (< 50%) orretreatment of the target aneurysm at 1-year post-procedure.

Complete occlusion and parent artery stenosis will be adjudicated by the Imaging Core Laboratory.
Retreatment willbe assessed persite records.

5.1.1.1.2. Primary Safety Endpoint
The following will be assessed for the primary safety endpoint:

e Incidence of major stroke in the territory supplied by the treated artery or neurological death at 1-
year post-procedure

This endpoint will be adjudicated by the independent Clinical Events Committee (CEC).

For the purposes of this study protocol, stroke is defined as a focal neurological deficit of presumed
vascular origin persisting 224 hours from symptom onset and a neuro-imaging study or other quantitative
study that does notindicateadifferent etiology. The 24-hour criterionisexcluded if the subject undergoes
cerebrovascularsurgery ordies duringthe first 24 hours.

The definitionincludes:

e Subjects presenting with clinical signs and symptomssuggestive of SAH, intracerebralhemorrhage, or
cerebral infarction.

e Suddenlossorworsening of visual acuity due to retinal artery occlusion or retinal emboli.
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The definition excludes:

e Slowly progressivecranial nerve palsiesor progressive visual field deficitsdue to continuedaneurysm
growth.

e Stroke eventsin cases of blood disordersuch as leukemia or external events such as trauma.
Severity of stroke will be classified by the CEC as major or minor:

e Major Stroke: A stroke, whichis presentfor>24 hoursand increases the NIHSS of the subject by > 4.
e Minor Stroke: Astroke, whichis presentfor>24 hours and increases the NIHSS of the subjectby < 3.

Disability status of the Stroke eventswillbe assessed based on mRS assessment conducted at a minimum
of 90 days post stroke event:

e Disabling: (mRS with poorfunctional outcomei.e. >3 points)
e Non-Disabling (mRS with good functional outcome 0-2 points)

The following assessments are required to be performed (if hospitalized at the primary investigative
site) orsource documents obtained (if hospitalized at an outside hospital) for All Stroke Events:

o NIHSS at time of Stroke presentation to the hospital

o NIHSSat 24 hrsfrom the Stroke presentation

o mRS assessmentata minimum of 90 days post-Stroke event

o Anylmaging/imagingreportavailable during Stroke hospitalization

Neurological death is any death of a subject in which the primary cause of death is due to neurologic
reasons.

The following documents are to be obtained for all events thatlead to Death:

- Hospitalization Record (whereavailable)
- AutopsyReport(where available)
- Death Certificate (where available)

A Pl note describingthe last subject contact with detail of any assessmentsto be provided where Death
Certificate is notavailable.
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5.1.2. Secondary Objective(s)

The secondary objective of this study is to assess the efficacy and safety of the Pipeline™ Vantage Device
inthe treatment of intracranial aneurysms within the intended indication for use.

5.1.2.1. Secondary Endpoint(s)

The following will be assessed for the effectiveness outcome measures:

1. Incidence of successful deviceimplantation at the targetsite

2. Incidence of complete aneurysm occlusion (Raymond Roy Class 1) at 1- and 3-years post-
procedure

3. Incidence of targetaneurysmrecurrence at 1- and 3-years post-procedure

For the purposes of this study protocol, successful device implantation will be presented in terms of
Procedural Technical Success and Device Technical Success. Procedure technical success is measured by
the rate of successful implantation of the study device during the study index procedure at the target site
regardless of the number of devices deployed andimplanted at the target site. Device technical success
is measured by the rate of successful study device implantation at the target site with the total number
of devices attempted to be deployed.

Successful device implantation and retreatment will be site reported. Aneurysm occlusion class,
recurrence, and parentartery stenosis will be assessed by the independent Imaging Core Lab.

The following will be assessed for the secondary safety endpoints:

1. Incidence of majorstroke inthe territory supplied by the treated artery or neurological death at
2- and 3-years post-procedure

2. Incidence of majorstroke inthe territory supplied by the treated artery or neurological death at
30 days post-procedure

3. Incidence of delayed intraparenchymal hemorrhage >30 days post-procedure through 1-year
post-procedure

4. Incidence of subjects with disabling strokes that have amRS decline to a score of 3 or more (mRS
> 3) dueto a stroke-related cause assessed ata minimum of 90 days post-stroke eventat1 year,
2 year, and 3 year post-procedure

The events comprising the safety endpoints will be adjudicated by the independent CEC.
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6. StudyDesign

The study is a prospective, global, multi-center, single-arm IDE clinical study evaluating the performance
of the Pipeline™ Vantage Device. The Pipeline™ Vantage Deviceis investigational in the United States and
Canada.

6.1. Duration

Subjects will actively participate for approximately 3 years. Study participation includes Baseline, Pre-
Procedure, Post-Procedure, Discharge exam, and follow-up visits at 30-day, 180-day, 1-year, 2-year and
3-year. Enrollment will be approximately 1year. The total study duration is expected to be approximately
4 years.

6.2. Rationale

The Pipeline™ Embolization Device has been commercialized in the US since 2011 for the endovascular
treatment of adults with large (2 10-24 mm) or giant (= 25 mm) wide-necked intracranial aneurysms in
the ICA from the petrous to the superior hypophyseal segments. Overtime, additional long-term data has
been generatedwhich further confirms the safety and effectiveness of the Pipeline™ Embolization Device
forthisindication.Additionally, outside the US, the Pipeline™ Embolization Device has been approved and
commercialized since 2008 for endovascular embolization of cerebral aneurysms.

The latest developmental modification to the Pipeline™ Embolization Device (PED) system is Pipeline™
Vantage Embolization Device with Shield Technology™. Pipeline™ Vantage utilizes the same
phosphorylcholine (PC) surface treatment (Shield Technology™) as the Pipeline™ Flex Embolization
Device with Shield Technology™. Additionally, the wire design and braid pattern are unchanged in
Pipeline™ Vantage. However, there are some key enhancements in the Pipeline™ Vantage device.
Pipeline™ Vantage implant has larger implant diameters and longer lengths, drawn filled tubes and
decreased wire diameteras well as increased pore density (Section 7.1.1). These changes to the implant
increase radiopacity, optimize deliverability and enhance the ability of the implant to open upon
deployment. The Pipeline™ Vantage delivery system (Section 7.1.1.4) was designed to be compatible with
0.021” inner diameter micro catheters for select sizes and also includes a new Advanced Resheathing
Mechanism, Corewire-based Delivery System and Corewire Subassembly for improved reliability. The
Shield Technology™ surface treatment applied to the implantis an inert, PC polymer material that is
chemically bonded to the braid surface. The polymer is a chemically derived material, created to mimic
the outer membrane of ahuman red blood cell. Shield Technology™ reduces the material thrombogenicity
of the braid surface compared to the current bare metal Pipeline™ Embolization Deviceimplant based on
bench data with human platelets and plasma.

Objective evidence on the safety and effectiveness of the Pipeline™ Vantage Device is best collected by
conducting a prospective study with standardized follow-up evaluations. The use of anindependent core
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lab is uncommon in studies evaluating intracranial aneurysms despite evidence showing site reported
data underestimates unfavorable angiographicappearance.®’°8 Along with anindependent core lab, the
Pipeline™ Vantage Device trial will employ an independent Data Monitoring Committee (DMC) and an
independent Clinical Events Committee (CEC) to assist in the oversight and analysis of the study data.
Treatment with the Pipeline™ Vantage Device is expected to show high complete aneurysm occlusion
ratesand minimal safety events.

The patient population proposed for enroliment in the study includes patients with a wide-neck
intracranial aneurysmlocatedintheinternal carotid artery (up to the carotid terminus). The justification
for the patient population and the single-arm study designis provided below.

Small, Medium, Large, and Giant Wide-Necked Aneurysms

Pipeline™ Flex Embolization Device flow diverteris currently indicated in the US for the endovascular
treatment of adults (22 years of age orolder) with large orgiant wide-necked intracranialaneurysms (IAs)
inthe internal carotid artery from the petrous to the superiorhypophyseal segments. The Pipeline™ Flex
embolization device is also indicated for use in the internal carotid artery up to the terminus for the
endovascular treatment of adults (22 years of age or older) with small and medium widenecked (neck
width >4 mm or dome-to-neck ratio < 2) saccular or fusiform intracranial aneurysm (lAs) arising from a
parentvessel with adiameter>2.0 mm and £ 5.0 mm. The device has shown high effectiveness and low
complication ratesforthisindication.®*

In addition to evaluating large and giant wide-neck aneurysms, the proposed study also aims to include
wide-neck aneurysms measuring <10mm. There is a lack of consensusinthe literature and guidelineson
whethersmall and medium size aneurysms shouldbe treated. The natural course of untreated aneurysms
of specificsize ranges has not been clearly identified.®1% Although several studies have reported a wide
range of rupture rates over time for untreated small and medium size aneurysms of various locations;
annual rupture rates for small and medium size aneurysms vary significantly up to a 20 fold difference
(0.05% vs. 1.0%, annually).%9191% This most likely can be explained by the fact that in addition to
aneurysm size, the risk of aneurysm rupture is attributed to various other factors, including aneurysm
morphology, location, previous subarachnoid hemorrhage, and subject characteristics.100:105107,108

In the Small Unruptured Intracranial Aneurysm Verification (SUAVe) Study, patient age, aneurysm
diameter24 mm, hypertension, and aneurysm multiplicity were significant predictive factors forrupture
of small aneurysms.'% The average annual risk of rupture for small aneurysms (<5 mm) in the study was
0.54% overall, 0.34% for single aneurysms and 0.95% for multiple aneurysms (mean follow-up: 41
months).1%® Another study which followed the natural course of unruptured aneurysms with amean size
of 5.7 mm in 5720 patients reported a similar annual rupture rate to the SUAVe study at 0.95% (follow-
up: 3 monthsto 8 years). The annual rupture rates from both studies, however, may be an underestimate
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due to possible selection bias. Data from patients who underwent surgical intervention were censored
and some of these patients may have been atan increased risk for rupture .100.108

Although the rupture rate for untreated unruptured small and medium aneurysms is low, it is also
important to consider that the majority of unruptured intracranial aneurysms are small and medium in
size. Inthe International Study of UnrupturedIntracranial Aneurysms (ISUIA) study, out of 1692 untreated,
1917 surgically treated, and 451 endovascularly treated subjects, 85%, 78%, and 58% of the subjects’
aneurysms were <12 mm in size, respectively. In a meta-analysis of 71 studies investigating the
endovasculartreatment of intracranial unruptured aneurysms, of the 2688 patientsincluded, 75% of the
patient’saneurysms’ were<10 mm insize. Furthermore, in recent randomized controlled trials in which
bare metal coils were studied against alternative treatment options in hundreds of patients, both
unruptured and ruptured aneurysms were included and the majority of patients treated had small and
medium size aneurysms,14109-112

Data for ruptured aneurysms also supports the treatment of small and medium aneurysms. Many of the
aneurysms that rupture are small or medium in size. In the International Subarachnoid Aneurysm Trial
(ISAT), a landmark trial on the treatment of 2143 ruptured intracranial aneurysms, 92% of the ruptured
aneurysms were <10 mm.?’ Similarly, in the CLARITY study of ruptured aneurysms, 89.5% (700/782) of
the subjects had an aneurysm <10 mm.*3 Treatment of a ruptured aneurysm is critical in order to stop
the bleeding and attempt to reduce the risk of potentially devastating complications. Since a significant
majority of ruptured aneurysms reportedin the literature appear to be small and medium in size, these
findings supportthe fact that these aneurysms poseaconsiderablerisk and warrant careful consideration
for treatment,26:27/101,114

Multiple publications demonstrate that these small and medium wide-necked aneurysms are commonly
treated endovascularly with SAC.1*>-122 Although initial occlusion rates are good, the primary limitation of
SACistheinability to provide sustained long-term aneurysm occlusion. Aneurysm recurrence rates of up
to 16% have been reported in the literature after SAC treatment of small and medium
|As 30115,117,118121,123124 The presence of major aneurysm recurrence requires retreatment, which is
evidenced by aneurysmretreatment rates of up to 10% for small and medium |As.11%121126 Therefore, an
alternative approach for obtaining sustained aneurysm occlusion, such as flow diversion, is needed for
small and medium wide-necked intracranial aneurysms.

In the IntrePED trial, a post-market registry to evaluate the Pipeline™ Embolization Device in which all
consecutive subjects treated with the Pipeline™ Embolization Device were required to be enrolled, more
than half the aneurysms treated (473/896, 52.8%) were small (<10 mm).8>® Combined neurologic
morbidity and mortality for small unrupturedanterior circulation aneurysmswas 3.5% (11/311) and 0.0%
(0/24) forsmall unruptured posterior circulation aneurysms. When specifically evaluating small (<10 mm)
aneurysms located in the ICA, the rate of neurologic morbidity in ruptured and unruptured aneurysms
was4.1% (12/291), neurologicmortality was 1.4% (4/291) and the combined rate of neurologic morbidity
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and mortality for unruptured aneurysms was 3.4% (9/268). The overall IntrePED study results show that
intracranial aneurysms measuring less than 10 mm are treated frequently and are associated with low
complication rates.

Althoughthere is some debate within the medical community regarding treatment of small and medium
sized wide-neck aneurysmes, it is clear from the literature that physicians worldwide treat a significant
number small and medium aneurysms, both unruptured and ruptured. When deciding treatment
approach, physicians take numerous factors into account in addition to aneurysm size, including age,
aneurysm morphology, location, medical history and co-morbidities, previousSAH, and individual subject
characteristics. After consideration of these factors, many times physicians conclude that the benefit of
endovascular treatment outweighs the risk and subsequently treat these aneurysms. These cases
demonstrate the need forendovasculartreatmentin aselected subject population and further, that these
subjects may benefitfromtreatment with the Pipeline™ Vantage Device.

Itis also important to note that subjects with unruptured or ruptured (>30 days since occurrence) small
and medium aneurysms proposed for enrollment in the current trial are those who have already been
identified by their physician as being appropriate for endovascular treatment of their aneurysm.
Investigators and subjects will first make the collective determination regarding the appropriateness of
endovascular treatment based on their clinical expertise and experience. This will be the same process
and decision that physicians, in consultation with subjects are currently performing when determining
whether to treat subjects with small and medium aneurysms using endovascular coils. Only after the
decision hasbeen madebythe physician and subject to treat the aneurysm through endovascular means,
will the potential forenrollmentinto the proposed study be considered.

The following inclusion criterion will be used as a treatment inclusion risk mitigation measure to ensure
only those small aneurysm subjects who demonstrate an appropriate level of aneurysm rupture risk, will
be enrolledintothis study. “Subject has been already selected forendovasculartreatment of the target
aneurysm. If the target aneurysm measures <5mm, risk factors leading to the determination to treat the
aneurysm must be identified.”

Internal Carotid Artery (up to the terminus)

Treatment with the Pipeline™ Flex Embolization Device is currently indicated in the U.S. for the
endovascular treatment of adults (22 years of age or older) with large or giant wide-necked intracranial
aneurysms (IAs)inthe internal carotid artery fromthe petrous to the superior hypophyseal segments.The
Pipeline™ Flexembolization device is also indicatedfor usein theinternal carotid artery up to the terminus
for the endovascular treatment of adults (22 years of age or older) with small and medium widenecked
(neck width =4 mm or dome-to-neck ratio < 2) saccular or fusiform intracranial aneurysm (lAs) arising
from a parent vessel with a diameter> 2.0 mm and < 5.0 mm. The proposed study aims to include
intracranial aneurysms in the ICA up to the terminus. The majority of aneurysms in the IntrePED study
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were locatedinthe ICA (684/906, 75.5%) and ranged in size from small to giant (360 small, 272 large and
45 giantaneurysms, respectively).®°3 The combined neurologic morbidityand mortality rate for subjects
with unruptured ICA aneurysms <10mm was 3.4% (9/268) and the combined neurologic morbidity and
mortality rate for subjects with unruptured ICA aneurysms >10mm was 9.5% (27/285). These rates
demonstrate that the Pipeline™ Vantage Device can serve as a potentially safe treatment option for
aneurysms of all sizes in the ICA (up to the terminus). Within this current study, the Pipeline™ Vantage
Device forthe treatment of unruptured or ruptured (>30days since occurrence), wide-necked intracranial
aneurysmslocatedinthe ICA (up to the terminus) will be investigated.

Single- Arm Study Design

The proposed study design is a single-arm trial. As with the evaluation of the Pipeline™ Embolization
Device in the PUFs IDE study, a randomized controlled trial is not feasible for the evaluation of the
Pipeline™ Vantage Device due to the lack of an appropriate control treatment for small/medium and
large/giantwide-neck intracranialaneurysms.

The target intracranial aneurysm population is likely to include many aneurysms that can be treated by
Pipeline™ Vantage Device but not by any particular single alternative treatment. In the U.S., wide-neck
aneurysms are most commonly treated with stent-assisted coiling. Although intracranial stents are
available, theyare currently approved through a Humanitarian Device Exemption (HDE) and as such have
only been proventodemonstrate safetyand not effectiveness. Even therecent PMA approvedstent, LVIS
and LVIS Jr. showed relatively lower effectiveness outcomes with large/giant aneurysms (compared to
small/medium aneurysms in the same study) (PMA 170013). As a result, stent-assisted coiling is not a
feasible option forthe control treatment. The use of coil embolization alone, is predicted to be infeasible
inmany subjects due to the wide-neck nature of the target aneurysms.

As a result, the study design for the evaluation of the Pipeline™ Vantage Device is a prospective single-
arm trial.

Conclusion

In summary, intracranial aneurysms can potentially rupture and lead to serious complications with
significantly poor outcomes. SAH resulting from aneurysmal rupture is associated with a high mortality
rate of greater than 40%.%° In addition to large and giant aneurysms, which have rupture rates of 18.4%
and 50%, small and medium aneurysms warrant consideration for treatment.®® The average size of
ruptured intracranial aneurysms is approximately 6.6-6.8 mm. Small and medium wide-necked
intracranial aneurysms are most commonly treated endovascularly with SAC, however, treatment
outcomes are sub-optimal. Given the high long-term recanalization and retreatment rates reported with
SAC, alternative options with sustained curative effects are necessary. Treatment with the Pipeline™
Embolization Device has demonstrated high rates of long-term complete occlusion, low rates of
retreatmentandlow rates of adverse transient and persistent neurologiceventsinlarge and giant wide-
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necked intracranial aneurysms.>*>>8%93127 Datg collected in the IntrePED retrospective study and
published literature suggests that the Pipeline™ Embolization Device could also be a possible treatment

option forsmall and medium wide-necked intracranial aneurysms.®3

Thus, the aim of the present studyisto assessthe Pipeline™ Vantage Device beyond the presentindication
to include wide-neck intracranialaneurysms of all sizesin the ICA (up to the terminus).
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7. Product Description

7.1. General

The device under investigation is the Pipeline™ Vantage Embolization Device with Shield Technology™
(Pipeline™ Vantage).

Figure 7-1. Pipeline™ Vantage Embolization Device with Shield Technology™ Implant

The Pipeline™ Vantage consists of a permanent implant (Figure 7-1) combined with a guidewire-based
delivery system (Figure 7-2).
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Figure 7-2. Pipeline™ Vantage System
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The Pipeline™ Vantage implant is a braided, multi-alloy, mesh cylinder woven from Drawn Filled Tubes
(DFT). The DFT wires are constructed from a Cobalt-Chromium-Nickel (MP35N LT) that is filled with a
platinum core. The woven wires of the device provide approximately 30% metal coverage of the arterial
wall surface area. The Pipeline™ Vantageimplantis designed for placementin a parent vessel across the
neck of an intracranial aneurysm to disrupt pulsatile blood flow from the parent artery into the fundus
andto serve as ascaffold upon which endothelial cells can grow. The expandedorunconstrained diameter
of the Pipeline™ Vantage implant is 0.25 mm larger than the labeled diameter. The Pipeline™ Vantage
Embolization Device includes a surface-modification referred to as Shield Technology™.

The Pipeline™ Vantage implant is assembled on a guide-wire based delivery system and is supplied
compressedinside anintroducersheath. The core wire subassembly of the delivery system consists of a
stainless-steel core wire, a hypotube and a radiopaque proximal bumpertoindicate the proximal end of
the implant. The Pipeline™ Vantage implantis mountedat the distal portion of the core wire subassembly.
During delivery, the proximal bumper advances the implant, which can be deployed either by forward
motion of the delivery wire or by retracting the microcatheter. Advanced Resheathing Mechanism (ARM)
is constructed from stainless steel components to allow the user to resheath the implant back into the
microcatheter. A Platinum-Iridium restraintis located distal to the resheathing components and is termed
the Resheathing Marker to indicate the resheathing limit for the implant. The Distal Protective
Subassembly (DPS) is constructed from ePTFE and a Platinum/Tungsten coil to protect the distal portion
of the implantwhilethe device is advanced through the microcatheter.

The hypotube is welded at the proximal and distal end to the core wire. The proximal bumperiswelded
to the core wire and the distal end of the hypotube. The tip coil, distal, and proximal solder joints are
manufactured using tin-silver solder material. Refer to Figure 7-2 for assembled device drawings
indicating overall dimensions and marker locations. The Pipeline™ Vantage implant is designed to be
delivered through a compatible microcatheter with an inner diameter of 0.021” (0.53 mm) for implant
diameters <3.50mm and inner diameter of 0.027” (0.69 mm) for implant diameters 23.50mm with a
minimum length of 135 cm (Figure 7-2).

The Pipeline™ Vantage device will be referred to as PED3-XXX-XXX-XX (the first three-digits signify
catheter compatibility,the second three-digitsreferto the braided implant labeled diameter, and the last
two-digits represent the implantlength at labeled diameter). The Pipeline™ Vantage will be available in
the configurations aslistedin Table 7-1.

Table 7-1. Pipeline™ Vantage Embolization Device with Shield Technology™ Implant

Legend: Braided Implant Length (mm)

Pipeline Vantage .021”

Pipeline Vantage .021” &
0277 -10 | -12 ( -14 [ -16 | -18 | 20 | 25 | -30 | -35 | -40 | -45 | 50

Pipeline Vantage .027”
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2.50 PED3-021 -250 48 | 48 | 48 | 48 | 48 | 48

The values listed
indicate the total
number of wires in the
braided implant.

2.75 PED3-021-275 48 [ 48 | 48 | 48 | 48 | 48

3.00 PED3-021-300 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48

3.25 PED3-021-325 48 | 48 | 48 | 48 | 48 | 48 [ 48 [ 48

3.50 PED3-021-350 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48

3.50 PED3-027-350 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48

4.00 PED3-027-400 64 | 64 64

4.50 PED3-027-450 64 | 64 64

Braided Implant Diameters (mm)

IR

64 64 | o4 64
64 64 | o4 64
5.00 PED3-027-500 64 | 64 | 64 | 64 | 64 | 64 | 64
5.50 PED3-027-550 64 | 64| 64 | 64 | 64 64

64 64 | o4

6.00 PED3-027-600 64 | 64| 64 | 64 | 64 | 64 | 64 | 64 | 64 | 64 | 64 | o4

The Pipeline™ Vantage device is similar to the FDA approved Pipeline™ Flex Embolization Device
(P100018/S011). Similarto Pipeline™ Flex, the Pipeline™ Vantage implant is constructed from Cobalt-
Chromium-Nickel alloy and platinum material.No new alloys have beenintroduced in the manufacture of
the Pipeline™ Vantage implant. Additionally, the Pipeline™ Vantage device has the same Shield
Technology that was utilized in Pipeline™ Flex with Shield Technology™ Device.

Shield Technology™ (same as Pipeline™ Flex Embolization Device with Shield Technology™)

The Pipeline™ Vantage implantis treated with an inert surface modification (Shield Technology™) process.
This is the same surface modification, applied via the same manufacturing (submerge) process, and
composed of the same materials as previously submitted and characterized in the ADVANCE IDE
(G170234). The Shield surface modification adds an inert, non-biodegradable phosphorylcholine (PC)
polymer that is covalently bonded to the surface of the braided implant. The result is a layer only 3
nanometersinthickness onthe surface of the braid wire (the smallest braid wire itself has a thickness of
22860 microns). Inaddition, the 3-nanometerthick layerissignificantly smaller than 10 microns (10,000
nanometers), which is the smallest collection size for particulate matterininjections per USP <788>. The
surface modification is primarily composed of a Phosphorylcholine polymer (Lipidure®-NH01), The
implant is also pretreated with (3-Glycidyloxypropyl) trimethoxysilane, which acts a coupling agent to
covalently bond the Phosphorylcholine polymer to the implant. Phosphorylcholine is an electrically
neutral component of the outermembrane of red bloodcells. Because Phosphorylcholineis abundant on
the surface of red blood cells, surface modification of a device with Phosphorylcholine physiologically
mimics the cell membrane. In vitro assessments of Phosphorylcholine surface modified devices have
demonstrated reduced material thrombogenicity.
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Wire Design and Braid Pattern

There has been no change to the fundamental braid pattern or wire design of the Pipeline™ Vantage
implantwhen compared to the existing Pipeline™ Flex device. Each implant diameter offered has a unique
wire diametercombination of eithertwo or three differently sized wires for optimized deliverabilityand
deployment performance. All Pipeline™ Vantage implants are designed with a 1-over-2 under-2 braid
pattern. This is the same pattern utilized by the Pipeline™ Flex braid. Wire diameter distribution and
braid patternis uniformthroughout the device regardless of braid orientation or direction. The diagram
in Figure 7-3 shows the wire diameterdistribution for both 2- and 3-wire size configurations. The 1-over-
2-under-2 pattern can be observed by following the path of asingle wire which passes over 2 consecutive
wiresthen passes underthe next 2 consecutive wires.

Figure 7-3. Wire Design and Braid Pattern

2-Wire Design 3-Wire Design

=

m—— Wire Size 1 e \Nire Size 1
e \Wire Size 2 e \ire Size 2
= \Nire Size 3

The key design modifications from the Pipeline™ Flex Embolization Device (Pipeline™ Flex)
(P100018/S011) to Pipeline™Vantage are detailed below.

7.1.1. Key Design Modifications of the Pipeline™ Vantage compared to the Pipeline™ Flex
Device

The design enhancements implemented to the Pipeline™ Vantage implant are intended to optimize
radiopacity, delivery and resheathing forces, proximal, distal opening, and middle opening. The impact of
the design enhancement is most appropriately assessed through non-clinical bench testing such as
implantopening, chronic outward force, fatigue, and metal coverage.
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7.1.1.1. Larger Implant Diameter/LongerLength

The Pipeline™ Vantage implant is offered in both larger diameters and longer lengths in comparison to
the Pipeline™ Fleximplant. The Pipeline™ Vantageimplantisalso offered ina 64-wire configuration (Table
7-1).

7.1.1.2. Drawn Filled Tubes/Wire Size

Drawn Filled Tubes of the Pipeline™ Vantage Implant Increases Radiopacity (comparedto Pipeline™ Flex)

The currently approved Pipeline™ Flex Embolization Device (Pipeline™ Flex) Implant is a braided, multi-
alloy, mesh cylinder woven from a combination of distinct Cobalt-Chromium-Nickel and
Platinum/Tungsten monofilaments. The Cobalt-Chromium-Nickel monofilaments provides mechanical
benefits to the Pipeline™ Flex implant for shape retention which facilitates braid deployment. The
Platinum/Tungsten monofilaments providesvisual benefits to the Pipeline™ Fleximplant for visualization
underfluoroscopy.

Cobalt-Chromium-Nickel

Alloy (MP35NLT)
l/MPESN LT Outer Shell

Platinum Core Platinum Core

Figure 7-4. Cross sectional view of Drawn Filled Tubes (DFT) (Left), Drawn Filled Tubes (DFT)
Visualization (Right) of the Pipeline™ Vantage Device

In comparison, the Pipeline™ Vantageimplantis a braided, multi-alloy, mesh cylinder woven from Drawn
Filled Tubes (DFT). The DFT are cylindrical wires constructed from Cobalt-Chromium-Nickel alloy tube
filled with aPlatinumcore. The outer element of the DFT is the same alloy as the Cobalt-Chromium-Nickel
alloy usedin the monofilamentsinthe Pipeline™ Fleximplant. The innerelement (or core) of the drawn
filled tube is 99.95% Platinum (Figure 7-4). The Pipeline™ Flex Embolization Device Implant
Platinum/Tungsten monofilaments are 92% Platinum and 8% Tungsten.

Removal of the Platinum/Tungstenmonofilaments optimizes the opening of the implant by incorporating
the mechanical benefits of the cobalt-chromium-nickel alloy intoall wires that comprise the braided mesh
of the Pipeline™ Vantage device. The DFT wires also optimize the visual benefits of platinum by
incorporating a 99.95% Platinum fill within all wires that comprise the braided mesh of the Pipeline™
Vantage. Figure 7-4 depicts the Platinum core extending beyond the outer shell to distinguish the two
metalliccomponents; however, each of the alloys have the sameterminationpointin the finished device.
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Decreased Wire Diameter of the Pipeline™ Vantage Implant Optimizes Deliverability (compared to

Pipeline™ Flex)

The Pipeline™ Vantage will be offered in diameterrange of 2.50 to 6.00 mm in comparisonto Pipeline™
Flex’s 2.50to 5.00 mm. For eachimplantdiameteroffered, the average wire diameter has been reduced
(Table 7-2). This reduction in wire diameter minimizes the crimped braid profile, reduces the effective
wall thickness of the implant and optimizes the metal coverage. The reduction in wire diameter was
engineered with the intent to enhance deliverability and promote the healing response once delivered.
With the incorporation of Cobalt-Chromium-Nickel alloy into all wires of the braid by means of DFT,
reduction in wire diameter was achieved with improved opening performance of the implant itself. The
woven wires of the Pipeline™ Vantageimplant provide approximately 30% metal coverage of the arterial
wall. The reductionin wire diameter, increasein wire count (4.0-6.0mm braids), and optimized braidangle
resulted inamarginal reductionin metal coverage, without sacrificing pore density.

Table 7-2. Implant Wire Comparison of Pipeline™ Flex and Pipeline™ Vantage

Labeled . . . Implant Braid Angle
Implant Wire Diameter (inches) P &
Implant (degrees)
Diameter
FLEX VANTAGE FLEX VANTAGE
(mm)
250 Wirel 24 x0.0010” Wirel 24 x0.0009” 61° 61°
) Wire2 24 x0.0011” Wire?2 24 x0.0011”
275 W!rel 24 x0.0010 W!rel 24 x0.0009 5g° 5g°
Wire?2 24 x0.0011” Wire2 24 x0.0011”
3.00 W!rel 24 x0.0010 W!rel 24 x0.0009 56 57
Wire2 24 x0.0012” Wire?2 24 x0.0012"
395 W!rel 24 x0.0011 W!rel 24 x0.0010 530 540
Wire2 24 x0.0012” Wire?2 24 x0.0012”
3.50 W!rel 24 x0.0011 W!rel 24 x0.0010 5o 530
Wire 2 24 x0.0013” Wire 2 24 x0.0013”
Wirel 12 x0.0011” Wirel 16 x0.0009”
4.00 Wire2 36 x0.0013” Wire2 16 x0.0010” 48° 55°
N/A Wire3 32 x0.0011”
450 Wirel 24 x0.0012” Wirel 32 x0.0010” 45° 590
’ Wire2 24 x0.0014" Wire2 32 x0.0012"
Wirel 12 x0.0012” Wirel 32 x0.0010”
5.00 Wire2 12 x0.0013” Wire?2 32 x0.0013” 43° 50°
Wire3 24 x0.0014" N/A
Wirel 16 x0.0010”
5.50 N/A Wire?2 16 x0.0012” N/A 49°
Wire3 32 x0.0014”
6.00 N/A W!rel 32 xO.OOlOH N/A 48°
Wire?2 32 x0.0015
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7.1.1.3. Wire Count (available in 48-wire and 64-wire configuration)

The Pipeline™ Vantage implant will be offered in diameter range of 2.50 to 6.00 mm. To accommodate
forthe diameterrange, thebraided implantis offered in a 48-wire and a 64-wire configuration (Table 7-1).
The 48-wire configurationis offered for braid diameters <3.5mm and the 64-wire configuration is offered
forbraid diameters 24.0 mm. Whereas, the currently approved Pipeline™ Flex is available in the diameter
range 2.50 to 5.00 mm and is only offeredin a48-wire configuration. The 64-wire configuration enhances
the ability of the implantto openupon deploymentfrom the delivery system.

In addition to the 64-wire configuration, individual pore sizes were decreased while pore density was
increased for the larger diameter implants (Figure 7-5 and Table 7-3). Pore density, which is defined as
the numberof pores per mm? (pores/mm?2) is considered to determine efficacy for flow diverters 128129

In Figure 7-5, the white diamonds represent pores and the black diamonds represent metal. The porosity
of the two are identical at 50%. However, the image on the left has a higher pore density (sixteen-fold)
than the image on the right. The concept of pore density (or pore size) is important for the biological
response of the artery to the implant since pore density determines the properties of the scaffold over
which cellularelements proliferate and populate.??

Figure 7-5. Pore Density of the Pipeline™ Vantage Device (left) and the Pipeline™ Flex Device (right)

In the figure above, the white diamonds represent pores and the black diamonds re present metal. The porosity of the two
are identicalat 50%. However, theimage on the left hasa higher pore density (sixteen-fold) thanthe image ontheright.

Table 7-3. Implant Property Comparison of Pipeline™ Flex and Pipeline™ Vantage

Labeled Pore Densi Average Wall  Foreshortenin
Implant (pores/mm?; il Cora ) Thickr?ess (um) (%) :
Diameter FLEX VANTAGE FLEX | VANTAGE | FLEX VANTAGE ‘ FLEX VANTAGE
2.50 33 33 30 29 53 51 48 47

2.75 29 29 29 27 53 51 50 49
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Labeled Pore Density Metal Coverage (%) Average Wall | Foreshortening
Implant (pores/mm?) Thickness (um) (%)

Diameter FLEX VANTAGE FLEX | VANTAGE | FLEX VANTAGE FLEX VANTAGE
3.00 26 25 28 27 56 53 52 50
3.25 22 22 29 27 58 56 54 53
3.50 20 20 29 27 61 58 56 55
4.00 17 26 28 27 64 52 59 53
4.50 14 22 27 27 66 56 61 52
5.00 12 18 26 26 67 58 63 51
5.50 N/A 15 N/A 27 N/A 64 N/A 54
6.00 N/A 13 N/A 25 N/A 64 N/A 58

7.1.1.4. Pipeline™ Vantage Delivery System

Similar to the Pipeline™ Flex, the Pipeline™ Vantage implantis mounted on a guide-wire based delivery
system approximately 200 cm longand is supplied compressed insideanintroducer sheath. The primary
component remains a 304-stainless steel core wire that extends from the proximal end of the delivery
systemto the distal tip. Like that of Pipeline™ Flex, aspiral cut 304L stainless steel hypotube is mounted
over the core wire and covered with a polytetrafluoroethylene (PTFE) jacket. The below design
enhancements implemented to the Pipeline™ Vantage Delivery System are intended to enhance tactile
feedback, deliverability, and include a low-profile delivery system to enable compatibility with micro
cathetersthathave an innerdiameterof 0.021” for deliveringimplants with a diameter of <3.50 mm.

7.1.1.4.1. Corewire-based Delivery System

The Pipeline™ Vantage Delivery System utilizes asingle tapered core wire subassembly design, including
a larger proximal portion for .027” microcatheter compatible sizes for enhanced pushability when
compared to Pipeline™ Flex Embolization Device. In comparison, the existing Pipeline™ Flex delivery
system uses separate proximaland distal core wires secured by the spiral cut hypotube.

7.1.1.4.2. Advanced Resheathing Mechanism

The Pipeline™Vantagedeliverysystemincorporates a newlydesigned Advanced Resheathing Mechanism
(ARM) that allows the user to resheath the implant up to two times. The ARM is a stainless-steel
subassembly that engages the pores of the braid with gear-like functionality to enable resheathing with
enhanced reliability. During resheathing, the user holds the delivery wire and simultaneously advances
the microcatheter to recapture the implant. The ARM secures the implant within the microcatheter to
facilitate resheathing. In comparison, the existing Pipeline™ Flex Delivery System uses a friction based
resheathing pad which exerts a constant radial force against the implant during both delivery and
resheathing.

7.1.1.4.3. Distal Protective Subassembly (DPS)

The Pipeline™ Vantage delivery system also includes a Distal Protective Subassembly (DPS), like that of
Pipeline Flex, which protects the distal portion of the implant while the device is advanced through a
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microcatheter. The DPS is comprised of protective sleeves made from ePTFE and a Platinum-Tungsten
coil. The sleeves are attached to the radiopaque coil to allow the DPS to be mounted over the distal
portion of the core wire and cover the distal end of the Pipeline™ Vantage braid. The coil has been
designedto be smallerin outerdiameter compared to Pipeline™ Flexto enable compatibility with 0.021”
microcatheters.

7.1.1.4.4. Corewire Subassembly

The Pipeline™ Vantage Corewire Subassembly includes the core wire, spiral cut hypotube, and proximal
bumper. PTFE shrink tubing covers the spiral cut hypotube and tapered section of the core wire to provide
a smooth lubricious liner to facilitate navigation. The PTFE shrink tube length is longer for devices
compatible with .021” microcatheter. The hypotube length and the overall length of the delivery system
remains constant for all sizes. The implantis mounted on the distal portion of the core wire and is
compressedinsidean introducersheath priorto delivery. The radiopaque proximal bumperis secured at
the distal end of the hypotube to indicate the proximal end of the implant. During delivery, the proximal
bumperadvancesthe implant, which can be deployed either by forward motion of the delivery wire or by
retracting the microcatheter.

7.2. Manufacturer

The manufacturer of the Pipeline™ Vantage Deviceis Micro Therapeutics, Inc. d/b/aev3 Neurovascular (a
wholly owned subsidiary of Medtronic) located at 9775 Toledo Way, Irvine, CA 92618, United States.

7.3.  Pre-clinical Summary

7.3.1. Biocompatibility Summary

Biocompatibility was conducted for the Pipeline™ Vantage Implant and Delivery System. The Pipeline™
Vantage Implantand Delivery Systemmet the acceptance criteria specified per1SO 10993-1:2009 and FDA
Guidance on the Use of International Standard I1SO 10993-1, "Biological evaluation of medical devices -
Part 1: Evaluation and testing within a risk managementissued on June 16, 2016.

7.3.2. Animal Studies Summary

7.3.2.1. 7-DayPorcine Study Summary:

Test report: D00026019

Objective: Assess the acute inflammatory tissue response, thromboembolism, and endothelization of
Pipeline™ Vantage as compared to Pipeline™ Flex and verify the conformance of the Pipeline Vantage
Delivery system to established biocompatibility requirements.

Number of animals & devices: Seven (7) animals were usedin this study. One animal was excluded due
to failure to meeting exclusion criteria per protocol. Six (6) animals were successfully implanted with two
paired testand control braids (fourdevices peranimal)in like vessels.
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Endpoint: 7-day survival

Procedure: The Pipeline™ Vantage Delivery System was tested in six porcine models by navigating the
Pipeline™ Vantage Delivery System to the target location, unsheathing and resheathing the Pipeline™
Vantage Implant (a maximum of three times) followed by a 30-minute dwell time. Following the 30-minute
dwell, the Pipeline™ Vantage Delivery System was removed and the 7-day survival time point began.

Results:

1. All animals survived to their designated 7-day survival time point. Study met the protocol specified
acceptance criteria.

2. No safety risks were identified with Pipeline™ Vantage when compared to Pipeline™ Flex and it was
determined that there is a non-inferior difference of < 20% for Pipeline™ Vantage as compared to
Pipeline™Flex.

Conclusion: The pathology findings of the study are supportive ofan acceptable safety profile for all braids
and delivery systems, with no safety concernsidentified in the animal model.

7.3.2.2. 90-Day Porcine Study Summary

Test report: D00026003

Objective: Demonstrate the safety, efficacy, and usability of the of Pipeline™ Vantage as compared to
Pipeline™ Flexat 90 days.

Number of animals & devices: Six (6) animals were successfully implanted with two paired test and
control braids (four devices peranimal) in likevessels.

Endpoint: 90-day survival

Procedure: Six (6) animals were successfully implanted with two paired test and control braids (four
devices peranimal)inlikevessels.

Results:

1. Allanimalssurvivedtotheirdesignated time point. The study metthe protocol specified acceptance
criteria.

2. Nosafetyrisks were identified with Pipeline™ Vantage when compared to Pipeline™ Flex and it was
determined thatthere isanon-inferior difference of <20% for the Pipeline™ Vantage as compared to
Pipeline™ Flex.

3. No significant acute and/or sub-acute complications from implantation to the 90-day survival time
pointwere noted.

Conclusion: Findings of the study support an acceptable safety profile forall braids and delivery systems,
with no safety concernsidentified in the animal model.

7.3.2.3. 90-Day Laprine (Rabbit) Study Summary:
Test report: D00026006
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Objective: Demonstrate the safety, efficacy, and usability of Pipeline™ Vantage as compared to Pipeline™
Flex at90 days.

Number of animals & devices: Thirty-six (36) animals had aneurysms created using elastase in the right
carotid artery (one aneurysm per model) ~41-48 days priorto implantation.

Endpoint: 90-day survival

Procedure: Priorto the study, three animalsdied, leavinga total of thirty-three available. Throughout the
study, three animals were omitted due to exclusion criteria (e.g. incorrect aneurysm formation). A single
device was successfullyimplanted in the right brachiocephalic/right subclavian artery across the neck of
the aneurysmin thirty animals as well as three devices successfully implanted across the ostia of lumbar
arteriesinthe descendingaorta.

Results:
1. Theremainingtwenty-nine animals survived to their designated survivaltime point.
2. Nosafetyrisks were identified with Pipeline™ Vantage when comparedto Pipeline™ Flex and it was

determinedthatthere isanon-inferior difference of <20% for the Pipeline™ Vantage as compared to
Pipeline™Flex.

3. No significant acute and/or sub-acute complications from implantation to the 90-day survival time
pointwere noted.

Conclusion: Findings of the study support an acceptable safety profile forall braids and delivery systems,
with no safety concernsidentified in the animal model.

7.3.2.4. 180-Day Laprine (Rabbit)Study Summary:

Test report: D00026887

Objective: Demonstrate the safety, efficacy, and usability of Pipeline™ Vantage as compared to Pipeline™
Flex at 180 days.

Number of animals & devices: Thirty-six (36) animals had aneurysms created using elastase in the right
carotid artery (one aneurysm per model) ~21-48 days prior to implantation. Two (2) of thirty-six (36)
animals were intended as backup animals. Three (3) of thirty-four animals (were excluded following
baseline imaging due to meeting protocol exclusion criteria.

Endpoint: 180-day survival

Procedure: Thirty-one (31) animalswereimplanted with the test or control devices were implanted inthe
right brachiocephalic/right subclavian artery (BCA/RSC) across the neck of an aneurysm of each animal.
Of the 31 animals with test or control devicesimplanted, four (4) were excluded from the study.

Results:

1. Three animals died within 1-2 days post implant procedure and were most likely procedure related
(unrelatedtotreatmentordevice).
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2. One (1) animal was humanely euthanized on day 27 due to declining health (fractured left femur) and
the cause of thisfinding was considered unrelated to the device.

3. Atotal of twenty-seven (27) animals completed this study at the intended 180 time point.

4. No safetyriskswere identified with Pipeline™ Vantage when compared to Pipeline™ Flex and it was
determinedthatthereisanon-inferior difference of <20% for the Pipeline™ Vantage as compared to
Pipeline™ Flex.

5. Nosignificant acute and/or sub-acute complications from implantation to the 180-day survival time
pointwere noted.

Conclusion: Findings of the study supportan acceptable safety profile forall braids and delivery systems,
with no safety concernsidentified in the animal model.

7.4. Packaging

Pipeline™Vantage is aninvestigational device. Pipeline™ Vantage is limited by Federal (or United States)
law to investigational use andislabeled as such.

Physicians using the device should follow the current IFUversion at the site.
7.5. Intended Population
The Pipeline™ Vantage Embolization Device with Shield Technology™ is intended for endovascular

treatment of adults (22 years of age or older) with wide-necked intracranial aneurysms located in the
internal carotid artery (up to the terminus).

7.6. Contraindications

o Patients with active bacterial infection

o Patients in whom dual antiplatelet and/or anticoagulation therapy (aspirin and clopidogrel) is
contraindicated.

o Patientswhohave notreceived dual antiplatelet agents priorto the procedure.
o Patientsinwhomthe parentvessel sizedoes notfall within the indicated range.

7.7. Product Training Requirements

Pipeline™ Vantage should only be used by attending physicians trained in percutaneous, intravascular
techniques and procedures at medical facilities with the appropriate fluoroscopicequipment. Fellows are
not permitted to implant Pipeline™ Vantage or any other adjunctive device for the treatment of
aneurysms during the study procedure. Physicians who participate in this study are responsible for
implanting the study device and are required to self-attest to completing a minimum of 20 cases with
Pipeline™ Flex Embolization Device. Prior to implantation of the Pipeline™ Vantage, implanting
Investigator(s) will be trained on the CIP and IFU.
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7.8. Product Accountability

Pipeline™ Vantage is tracked by lot number and usage of all study devices will be recorded. All devices
must be keptin a secured location with limited access complete accountability for each device must be
maintained, including shipping, receiving and return of the devices. Anyunused devicesmust be retumed
to Medtronicat the conclusion of the study or upon product expiration.
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8. Selection of Subjects

8.1. StudyPopulation

The study population will consist of subjects with unruptured or ruptured (>30 days since occurrence)
wide-neckintracranial aneurysmsinthe ICA.

For subjects with more than one aneurysmrequiring treatment, the following guidance is to be followed
for subjectstobe enrolledin the study.

e If morethan one aneurysm can be covered by a single Pipeline™ Vantage Device, the largest
aneurysm meeting study criteria will be designated the target aneurysm. For equal sized
aneurysms, the Core Lab will designate the target aneurysm. Overlapping of Pipeline™
Vantage device (i.e., stacking of devices) to be allowed if the investigator determines thatitis
requiredto coverthe target aneurysm neck adequately. Amaximum of 3 Pipeline™ Vantage
Devices may be stacked at any pointinthe arterial vessel.

e Provided the subject has more than one aneurysm and all aneurysms requiring treatment
cannot be covered by a single Pipeline™ Vantage Device (unless overlapping with devices is
for covering the target aneurysm neck adequately), AND the non-target aneurysms are
outside of the affected territory, the non-target aneurysms should be treated first. After

waiting at least 30 days per exclusion, the subject may return for treatment of the target
aneurysminthe study with the Pipeline™ Vantage Device.

o [f the subjecthas more than one aneurysmand all aneurysms requiring treatment cannot be
covered by a single Pipeline™ Vantage Device (unless overlapping with devicesis for covering
the target aneurysm neck adequately), AND the non-target aneurysmsis inside the affected
territory of the target aneurysm, the subjectisineligible forthis study perexclusion criterion.

8.2. Subject Enroliment

Subjects are considered enrolled in the study when the subject (or subject’s legally authorized
representative) signs the Informed Consent Form. Each site will follow the same protocol, and no single
site will be allowed to enroll more than 20% of the total subjects.

8.3. Inclusion Criteria

Subjects must meet all of the following Imaging (determined by the core lab) and Clinical inclusioncriteria:
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Imaging Criteria (Core Lab Assessed)

1. Subjecthasa targetintracranial aneurysmlocatedintheinternal carotid artery (up tothe
terminus).

2. Subjecthasa targetintracranial aneurysm with an aneurysm neck 24mm or a dome-to-neck
ratioof < 2.

3. Subjecthasa targetintracranial aneurysmthathasa parentvessel with diameter 1.5-5.0 mm
distal/proximal to the targetintracranial aneurysm.

Clinical Criteria

4. Subject(orsubject’slegally authorized representative) has provided written informed consent
usingthe IRB/REB and Medtronicapproved Informed Consent Form and agrees to comply with
protocol requirements. HIPAA/data protection authorization has been provided and signed by
the subject (orsubject’s legally authorized representative).

5. Age 22-80 years at the time of consent.
6. Life expectancy>3years

7. Subjecthasa mRS< 2 at baselinetobe determined by acertified independentassessoratthe
site

8. Subjecthasalreadybeenselected forendovasculartreatment of the targetaneurysm.

9. Subject’slastrecorded P2Y,, reaction units (PRU) value is between 260 and <200 prior to study
procedure. For OUS sites, aTEG test may be carried outinstead of the PRU test (dependingon
PRU testavailability). In cases where TEG testis carried out, the subject should have apre-
procedure therapeutic ADP% between >30% to <90%.

10. Subject has multiple increased risk factors forintracranial aneurysm rupture, including but not
limited to, aneurysm morphology, smoking, hypertension, diabetes, age, priorand/orfamily
history of rupture, and/or history of subarachnoid hemorrhage that may resultin a benefitrisk
profile of endovasculartreatment to outweigh the risks of intracranial aneurysm rupture during
the subject’s expected lifetimeif left untreated.
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8.4. Exclusion Criteria

The subject must not meetany of the following exclusion criteria:
Imaging Criteria (Core Lab Assessed)
11. Subjecthasinternal carotid artery bifurcationaneurysm.
12. Aneurysmsthatarise fromthe Posterior Communicating Artery (PComm).

13. Theinternal carotid artery aneurysms of the C7 segment will be excluded underthe following
conditions:

a. Observedfetal posteriorcommunicating artery (PComm) (A PComm of fetal originis
defined asasmall, hypoplastic, orabsent P1 segment of the posterior cerebral artery
(PCA) withthe PComm artery supplying a majority of blood flow to the P2 and higher
ordersegmentsof the PCA)

b. PCommoverlappingwiththe aneurysm neck
c. PComm branch arising fromthe dome of the aneurysm

14. Subject has aneurysmarising frominternal carotid artery butis primarily fed by posterior
circulation (i.e., retrograde flow from the basilarartery) as confirmed by DSA

Clinical Criteria

15. Subjectrequirestreatment of anotheraneurysm (with another treatment modality) within the
affected territory of the targetaneurysm during the study period.

16. Subjecthasreceived anintracranial implant(e.g. coils)inthe area of the targetintracranial
aneurysmwithin the past 6 months priorto the study procedure.

17. Subjecthas had a SAH and/ortarget aneurysm rupture in the past 30 days priorto the study
procedure.

18. Subjecthasundergone asurgeryincluding endovascular proceduresinthe last 30 days prior to
the study procedure.

19. Vessel characteristics (e.g. severetortuosity, stenosis, morphology) that preclude safe
endovascularaccess tothe aneurysmto allow for necessary access to treat with the study
device.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Aneurysm vessel characteristics (e.g., parentvessel stenosis, irregular morphology) that would
preclude the device from fully conforming to the parentvessel to reduce any risk of embolic
complications, re-treatment, or device movement.

Subject has active vasospasm, malignant brain tumor orvascular malformation (e.g.
arteriovascular malformation).

History of majorbleedingdisorder (based on coagulation profileand platelet count) and/or
subject presents with signs of active bleeding.

Subjectrequires adjunctive device use (e.g. coils) duringthe index procedure.

Subject has extradural target aneurysm <12mm whichis not symptomaticor not exhibiting
aneurysm growth (exception: unlessitisafusiformaneurysm<12mm i.e., asymptomatic
extradural fusiform aneurysms <12 mm can be included).

Any known contraindication to treatment with the Pipeline™ Vantage Embolization Device with
Shield Technology™, or use of antiplatelet therapyincluding:

d. Active bacterial infection

e. Contraindicationto DAPTagents
Pre-existing stentisin place inthe parentartery at the targetintracranial aneurysm location.
Plateletcount<100 x 10° cells/mm?3 or known platelet dysfunction.

The Investigator determines that the health of the subject or the validity of the study outcomes
(e.g., highrisk of neurologicevents, conditions that may increase the chance of stroke) may be
compromised by the subject’s enroliment.

Subjectis pregnant or wishesto become pregnantduringthe first year of study participation.

Subjectis participatinginanotherclinical trial atany time during the duration of the study that
could confound the treatment or outcomes of this investigation.

Subjectwith known allergy to platinum or cobalt chromium alloy (including the major elements
platinum, cobalt, chromium, nickel or molybdenum).

History of previous acute ischemicstroke

Subjectis unable toundergo DSA or CTA imaging at follow-up.
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9. Study Procedures

9.1. Schedule of Events

Anoverviewof the assessments to be performed at each follow-up intervalalong with the required timing
is providedin Table 9-1. Scheduled visits occurring outside of the specified date range will be considered
clinical protocol deviations. After the clinical investigation has been completed, subjects will be followed
accordingto standard of care.

Table 9-1. Visitand Assessment Schedule

Baseline Procedure Discharge Follow-up
Visits B T s o
(Dar:-o) (D:: 5) Day 1-7 30-day | 180-day 1-year 2-year 3-year sche:t-xled
o X = = T + +
ssessments window | pcms | OO £ 00 | 170w | v | e | ogme | e | s
Assess Inclusion/Exclusion X X
Informed Consent X
Demographics X
Medical History X
Risk Factors X!
Pregnancy Test X6 X6 X6 X6
WBC X0
Platelet count x10
Coagulation Profile (PT/aPTT) X0
Platelet Reactivity Testing X7
Protocol Specified Medications X X X X X X X X X X
Concomitant Medications X X X X X X X X X X
DSA Imaging X2 X x4 X X3 X34 x4
MRA X2 X3 X1 x4
CTA X1 Xt x4
Modified Rankin Scale (mRS) X X3 X3 X3 x> X5 X5 X8
NIH Stroke Scale X X X8
Neurological Exam X X X X X X X X
Assess Adverse Events x12 X X X X X X X X X

1 Risk factors to be assessed and collected for all subjects regardless of aneurysm size

2 The baseline DSA, CTA OR MRA images must be taken no more than 90 calendar days prior to the procedure and core lab can use this for diagnostic or eligibility determination. Note that
the pre-procedure exam for imaging would be with a DSA.

3 |f aneurysm is not occluded at 1 year or subsequent follow-up visits, DSA must be performed at 2- and 3- year follow-up. If child bearing potential woman becomes pregnant during the
study, subject may obtain MRA without contrast instead of DSA.

4 To be collected if conducted per standard of care

> mRS to be carried out by a certified independent assessor at the site. To become a certified independent assessor for mRS, the assessor should have passed a certification exam via
online portal BlueCloud (or have evidence of a previous certification within the last 2 years). The assessor, once certified, will only be tasked with performing the mRS assessment for the
trial and will have no other responsibilities or duties associated with the trial.

5 Pregnancy test (serum or urine) only required for females of childbearing potential. Females who are surgically sterile or post-menopausal are not required to take a pregnancy test. At
the 2- and 3- year follow-up, pregnancy test is only required for female subjects of childbearing potential that are undergoing DSA imaging.

71f PRU is found below 60 or above 200 on the day of the procedure, the procedure should be delayed until it is within therapeutic range. In such cases, baseline measurements should be
repeated if the next procedure is scheduled >30 days from the initial baseline measurements. If procedure is performed <30 days from the initial baseline measurements, the PRU must
be repeated, however, the baseline measurements may be repeated per standard of care at the treating hospital. For OUS sites, a TEG test may be carried out instead of the PRU test
(depending on PRU test availability). In cases where TEG test is carried out, the subject should have a pre-procedure therapeutic ADP% between >30% to <90%. If ADP% is <30% or >90%
on the day of the procedure, the procedure should be delayed until it is within therapeutic range. In such cases, baseline measurements should be repeated if the next procedure is
schedule >30 days from the initial baseline measurements. If procedure is performed <30 days from the initial baseline measurements, the TEG measurements must be repeated but the
other baseline measurements may be repeated per standard of care at the treating hospital. Note: treating physicians should also assess if ARU testing is required to assess aspirin
responsiveness based on subject condition and response (per standard of care)

8 For stroke events, mRS should be performed minimum of 90 days post event and NIHSS should be performed at the time of event and 24 hours after event.

9 DSA at pre-procedure to be used for final aneurysm measurements can be done any time prior to the index procedure

10 Can be done any time prior to the index procedure

1f DSA not collected per standard of care, subject must undergo CTA imaging. For follow-up images after the 1-year follow-up, under certain conditions, MRA imaging may be obtained
instead of a DSA or CTA imaging e.g., subjects with iodine allergies, borderline renalfunction, pregnancy, or concerns over excessive radiation. The justification for using MRA over DSA or
CTA should be captured in the case report form. Precaution: DSA or CTA imaging are preferred over MRA imaging due to the risk of reduced image quality (artifact) when attempting to
visualize near or inside the implanted device with MRA imaging. Note that MRA should not be used for any follow-up imaging within 1-year

12Assess adverse events after informed consent is signed.
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An overviewof the study proceduresis shownin Figure 9-1

Figure 9-1. Overview of Study Procedures

Baseline (7 to 30 days prior toprocedure)
Subject meets all eligibility criteria evaluated by standard of care assessments

Pre-Screen Failure (Consent not Signed)
@ | Recordonscreeninglog. Noentry should
be made on eCRFs.

Screening Image Review*

Core Laboratory reviews de-identified image (image must be within 90 days of
procedure).

{

Informed Consent (Point of Enroliment)

¥ Subjects Consented but Device not Attempted

Pre-Procedure (Screen Failure)

(On the day of Procedure) Subject meets all v | Subjectsthat are consented/enrolled inthe study but
eligibility criteria evaluated bystudy-specific A “| do not undergo Pipeline™ Vantage device implant
assessments attempti.e., puncture atthearterial access site (for
| not meeting eligibility criteria) should be exited from
A 2 the study withthe reason for exit recorded on eCRFs.
Procedure (Day 0) (Puncture at the arterial access
site)
A 4
Procedure (Day 0) % Collect
Deploy Pipeline™ Vantage Device to target adverse events
aneurysm

v

Discharge Exam (Day1-7)

v

30 Day Visit (7 days)

2

180 Day Visit (30 days)

v

1 Year Visit (£56 days)

2

2 Year Visit (56 days)

v

3 Year Visit (56 days)

*As permitted by the IRB/REB, de-identified images taken per standard of care may be sent tothe core labfor screening committee review prior
to informed consent.
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9.2. Baseline

The baseline visit must occur 7 to 30 days priorto the procedure day.
During baseline, the following assessments should be completed.
e Inclusion/exclusion criteriaassessment

Informed consent

e Demographics: age, gender, ethnicity and race
e Medical and surgical history

e Riskfactors, includinganeurysmhistory; note that riskfactors to be collected forallenrolled
subjectsregardless of the aneurysmsize

e Plateletcountand WBC (can be done anytime priorto index procedure)
e Coagulation Profile (can be done any time priortoindex procedure)

e Protocol specified Medications

e Record concomitant medications

e DSA, CTA or MRA imaging (The baseline DSA, CTA or MRA images must be taken no more
than 90 calendardays priorto the procedure)

e Neurological Exam
e Assessmentof Adverse Events (Assess adverse events afterinformed consentis signed)

This data will be collected in the electroniccase reportforms (eCRF) forall subjects enrolled and treated
inthe study. The de-identified images will be sentto the Core Lab forreview. Enrolled subjects determined
to be ineligible for the study prior to the puncture at the arterial access site on the day of the study
procedure (Day 0), will only require the reason for the eligibility failure and study exit to be recorded in
the eCRF. No furthereCRFs are required.

9.2.1. Baseline Imaging

Baseline imaging (DSA, CTA, or MRA) must be taken within the 90 calendar days prior to the planned
procedure date and core lab can use this for eligibility determination. As permitted by the IRB/REB, de-
identified images taken perstandard of care may be sentto the core lab for screening committee review
priorto informed consent.
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At Screening, all of the followingimages shallbe collected:

e Imagingshowingthe aneurysm measurements

Screening imaging to characterize the aneurysm must be reviewed and approved by the Core Lab. As
permitted by the IRB/REB, de-identified images taken per standard of care may be submitted to the Core
Lab prior to the subject (or subject’s legally authorized representative) signing the Informed Consent
Form.

9.2.2. Medical History

Medical/surgical history and aneurysm specific history will be collected for all subjects at the time of
enrollment and will include those conditions that are observed or self-reported by the subject at the
baseline visit. Risk factors will be assessed and collected forall subjects regardless of aneurysmsize.

Aneurysm history and detailed symptoms and signs present at baseline shall be collected as medical
history. Any worsening of these symptoms after the point of consent shallbe collectedas adverse events.
9.2.3. Concomitant Medications

Concomitant medications are to be collected starting at baseline and through the duration of the study
whichinclude:

1) All medicationsthe subjectison at the time of enrollment (consent)

2) Medications received on the study procedure day (Day O)—further detail regarding these
medicationsis providedinSection9.2.4and 9.6

3) Anynew medicationstaken forintervention of study reportable events of interest

4) Change in previously recorded concomitant medications after the study procedure (Day 0)
through study exit
9.2.4. Pre-Procedure Antiplatelet/Anticoagulation agents

All protocol specified medications will be collected from the point of consent or from the first day of
anticoagulation/antiplatelet treatment (whicheveris earlier) through study exit.

The following dose of antiplatelet agents will be given before treatment with the Pipeline™ Vantage
Device as defined below. The DAPT regimen should be taken for a minimum of 5 consecutive days prior
to theindex procedure

e Aspirin: 81-325 mg daily

e P2Y,, PlateletInhibitor: Only the following agents shall be utilized:
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o Clopidogrel: 75-100 mg daily
In situations where subjects are hypo-responders to Clopidogrel:

= Prasugrel (Onlyforsubjects <75 years of age and should not be usedin subjects
with a history of TIA or stroke): 5-10 mg once daily

Or

= Ticagrelor: 60-90 mg twice daily with a maximum daily dose of Aspirin not
exceeding 100 mg

The PRU value will be collected on eCRFs and treatment with the Pipeline™ Vantage Device can only be
undertaken when PRUlevels within therapeuticof > 60 and <200 is achieved. If PRUis found below 60 or
above 200 on the day of the procedure, the procedure should be delayed until it is within therapeutic
range. In such cases, baseline PRU measurements must be repeatedif the next procedure is scheduled
>30 days from the initial baseline measurements. If procedure is performed <30 days from the initial
baseline measurements, the PRUmeasurements must be repeatedbut the other baseline measurements
may be repeated per standard of care at the treating hospital. For OUS sites, a TEG test may be carried
out instead of the PRU test (depending on PRU test availability). In cases where TEG test is carried out,
the subjectshould have a pre-procedure therapeuticADP% between >30% to <90%. If ADP% is <30% or
>90% on the day of the procedure, the procedure should be delayed untilitis withintherapeuticrange.
Insuch cases, baseline measurements shouldbe repeatedif the next procedure is schedule >30days from
the initial baseline measurements. If procedure is performed <30 days from the initial baseline
measurements, the TEG measurements must be repeated but the otherbaseline measurements may be
repeated perstandard of care at the treating hospital.

Note: Treating physicians should also assess if ARU testing is required to assess aspirin responsiveness
based on subject condition and response (perstandard of care).

9.3. Subject Consent

Informed consentis defined as legally effective, documented confirmation of a subject’s (ortheirlegally
authorized representative’s) voluntary agreement to participate in a particular clinical investigation after
information has been given to the subject on all aspects of the clinical investigation that are relevant to
the subject’s decision to participate.

Pre-screening (visit to collect standard of care assessments according to institution) may be permitted
priorto informed consent.

The Investigator(s) and/or staff delegated for this task are responsible for obtaining written informed
consent and the HIPAA/data protection authorization from each potential subject before any study-
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specificprocedures required by the clinical protocol are performed. Informed consent should be obtained
in written format and using a form approved by the local IRB/REB and Medtronic. All subjects (or their
legally authorized representative) must sign and date the Informed Consent Form and the HIPAA/data
protection authorization prior to any procedures/tests that go beyond pre-screening assessments
associated with thestandard of care for subjects with intracranialaneurysms and before any study-related
treatmentassessments are administered and subject-related health informationis entered into the study
database. The Informed Consent Form and HIPAA/data protection authorization should be given to the
subject (ortheirlegally authorized representative) in alanguage he/she is able to read and understand.

Priorto inclusioninthe study, itis the responsibility of the Investigator and/or staff delegated to this task
to give each subject (or subject’s legally authorized representative) full and adequate verbal and written
information regarding the objective of this studyand the confidentiality of the data collected. The process
of obtaininginformed consent mustalso be documentedin the subject’sfile. The original or a copy of the
signed Informed Consent Form should be filed in the hospital/clinical chart or with the subject’s study
documents. A copy of the consent and HIPAA/data protection authorization must be provided to the
subject.

A thorough explanation will be provided to the subject (orsubject’s legally authorized representative) as
to the nature and objectives of this study. Details of the study will be included according to country
regulatory requirements whichinclude butare notlimited to the following:

e Purpose of the study
e Alternativetreatments

e Procedures of the study including the need to return for 30-day, 180-day, 1-year, 2-year, and 3-
year follow-up visits

e Participationisvoluntary, andthereis no penalty for withdrawal
e Potential risks and benefits of participation

e Compensationand expensestosubject

e Contact information to ask questions orvoice concerns

Medtronic will maintain the sample Informed Consent Form and all materials used to consent including
the HIPAA/data protection authorization within the Trial MasterFile.
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9.4. Pre-Procedure Assessment

Subjects must undergo the device placement procedure within 30 calendar days of completion of all
baseline assessment tests and procedures. On the day of the procedure and prior to treatment, the
subject will again be evaluated and the following data shall be collected and recorded in the eCRF:

e Inclusion/exclusion criteriaassessment

e Pregnancy test (Pregnancy test (serum or urine) only required for females of childbearing
potential. Females who are surgically sterile or post-menopausal are notrequired totake a
pregnancy test)

e Plateletcount(canbe done anytime priorto the procedure)

e Platelet reactivity testing (If PRU is found below 60 or above 200 on the day of the
procedure, the procedure should be delayed until itis within therapeutic range. In such
cases, baseline measurements should be repeated if the next procedure is schedule >30
daysfromtheinitial planned procedure.If procedure is performed <30 days from the initial
planned procedure, the PRU measurements must be repeated but the other baseline
measurements may be repeated per standard of care at the treating hospital). For OUS
sites, a TEG test may be carried out instead of the PRU test (depending on PRU test
availability). In cases where TEG testis carried out, the subject shouldhave a pre-procedure
therapeutic ADP% between >30% to <90%. If ADP% is <30% or >90% on the day of the
procedure, the procedure should be delayed until it is within therapeutic range. In such
cases, baseline measurements should be repeated if the next procedure is schedule >30
days fromthe initial baseline measurements. If procedure is performed <30 days from the
initial baseline measurements, the TEG measurements must be repeated but the other
baseline measurements may be repeated perstandard of care at the treating hospital.

e Record protocol specified medications

e Record concomitant medications

e DSA imagingforfinal aneurysm measurements

e mRSassessmentto be carried out by certified independent assessor at the site
o NIHSS

e Assessmentof Adverse events of interest
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9.5. Procedure

Eligible subjects will be treated with the Pipeline™ Vantage Device per the IFU. During the procedure,
Heparinshould be administered as an anticoagulation agent.

Note: The Investigator(s)should reviewand understand the complete CIP and IFU prior to performing any
study implant placementinthis clinical study.

During or afterthe procedure, the following data shall be collected and recorded in the eCRF:
e Procedure dateandtime
e Primaryinterventionalist firstand last name
e Target aneurysmlocationand dimensions
e Studydevice placementandresheathinginformation
e Deviceimplantsuccess (yes/no)- perdevice used
e Technical procedural success (persubject)
e Subject’sradiation exposure(dose and fluoroscopy time)*
e Volume of contrastused

e Post-Pipeline™ Vantage Device implant aneurysm occlusion, device placement and
aneurysm status

e Procedural Complications
e Record protocol specified anticoagulation medications
e Record protocol specified DAPT

e ACT: Record at the start, after heparinis given, and atthe end of the procedure if collected
perstandard of care

e Concomitant medications

*Take all necessary precautions to limit X-ray radiation doses to patients and themselves by using
sufficient shielding, reducing fluoroscopy times, and modifying X-ray technical factors where possible.

Medications appropriate for general anesthesia will be administered using standard hospital practice.
Capture all peri-procedural medications specific to the endovascular study procedure (e.g., anti-
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hypertensives, prophylacticantibiotics) on the eCRFs. Anesthetics and other standard of care medications
for surgical procedures (e.g., saline, povidone-iodine antiseptic, etc.) do not need to be collected.

Medications during treatment:

Anesthetics: The subject will undergo the Pipeline™ Vantage placement under general anesthesia.
Medications appropriate for general anesthesia will be administered using standard hospital practice.
These are not required to be collected.

Anticoagulants: Heparin use will be required during Pipeline™ Vantage placement with confirmation of
anticoagulation via activated clotting time (ACT) prior to insertion of Pipeline™ Vantage. During the
procedure, ACT values should be monitoredper standard practice and heparin dose adjusted, as clinically
appropriate. Heparin may be usedup to 24 hours after procedure. If medically indicated, heparinuse may
be continued after 24 hours, but the Investigator must document the reason for the continued use.
Heparin use (dose in ug/dl), frequency, start and stop dates will be collected. ACT values at the start of
procedure, during procedure and at the end of procedure will be collected per standard of care.

Other Procedural Medications: Any anti-thrombotic agents e.g., GPlIb3a inhibitors, Bivalirudin, Calcium
Channel Blockers, Vasodilators, Antibiotics administered during the procedure shall be collected with their
reason for use (prophylacticorforan AE intervention).

9.5.1. Ancillary Devices

Ancillary devices that may be required for the study procedure include, but are not limited to, access
devices, intermediate support catheters, guidewires and microcatheters. Access devices, intermediate
support catheters, and guidewires may be selected for use from FDA cleared devices as per Investigator
preference and standard of care.

The Pipeline™ Vantage implantis designed to be delivered through a compatible microcatheter of either
0.021 inch (0.53 mm) or 0.027 inch (0.69 mm) inside diameter and minimum 135 cm in length.
Compatibility testing with the Phenom™ 0.021” and 0.027” Microcatheter has been performed. Any
compatible 0.021” and 0.027” microcatheter may be used but Phenom™ Microcatheteris recommended.
Refertothe below table (Table 9-2) for microcatheter compatibility for each device size.

Table 9-2. Size ranges: Pipeline™ Vantage Embolization Device with Shield Technology™

Labeled Diameter (mm) Compatible catheterinner diameter
2.50
2.75 0.021 inch (0.53 mm)
3.00
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3.25

3.50 0.021 inch (0.53 mm) or 0.027 inch (0.69 mm) per
productlabel

4.00

4.50

5.00 0.027 inch (0.69 mm)

5.50

6.00

Ancillary Device Instructions: All endovascular devices are to be used in accordance with directions for
use inthe package insertapproved by the FDA.

The use of guide catheters and microcatheters willbe documented in the eCRFs.

9.5.2. Usage of Multiple Pipeline™ Vantage Devices

Based on aneurysm and anatomical factors, if an investigator determines that multiple devices are
required to cover the aneurysm neck adequately, aninvestigator may choose to deploy a maximum of 3
Pipeline™Vantage Devices that may be stacked at any pointinthe arterial vessel.

9.5.3. Adjunctive Device Use

Adjunctive devices are defined as devices (other than the Pipeline™ Vantage Device) that are used to treat
the target aneurysm.

Adjunctive device use (e.g. coils) is not allowed during the index procedure. Subjects that will require
concomitant coiling should be excluded from the study (exclusion criteria). However, previous coiling
failed subjects can be included.

9.5.4. Day 0 Imaging

At the beginning of the procedure priortoimplantation, the followingimages shallbe collected:
e 3-D DSA imaging pre-procedure to be used forfinal aneurysm measurements (if available)

o Two planes showing the entire vascular territory (either complete hemisphere or full posterior
circulationfilmedin the early venous phase)

e Viewsinthe workingprojection with and without subtraction

At the end of the procedure afterimplantation, the followingimages shall be collected:
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e 3D DSAimaging(ifavailable)

e Two planes showing the entire vascular territory (either complete hemisphere or full posterior
circulationfilmedinthe early venous phase)

e Viewsinthe workingprojection with and without subtraction

The Investigator or delegated study staff will submit procedural images to the core laboratory. The
Investigator or delegated study staff will ensure that subject identifiers are removed from all submitted
images. Image files/CDs should be labeled with the subject’s study ID number.

9.5.5. Screen Failure

Subjectsthat are consented/enrolled in the study but do not undergo Pipeline™ Vantage device implant
attempti.e., puncture atthe arterial access site (for not meetingeligibility criteria) should be exited from
the study with the reason for exit recorded on eCRFs. Baseline CRFs should also be recorded for Screen
Failure subjects.

9.5.6. No Treatment of an Eligible Subject with the Pipeline™ Vantage Device

In the event that the subject was confirmed to be eligible for the study at baseline, signed informed
consent, but the target intracranial aneurysm is not treated with the Pipeline™ Vantage Device at the
initially scheduled procedure, the subject may be brought in later to undergo the Pipeline™ Vantage
Device. Inthis case:

1) Intheeventthe subjectdoesnot meetprotocol specified PRUvalue range (260 and <200) or TEG
value range (>30% to <90%) on the day of the procedure, the procedure should be delayed (and
no puncture atthe arterial access site performed) until a protocol specified therapeuticrange for
PRU/TEG isachieved. The day of the puncture at the arterial accesssite is considered day 0.

2) Incaseswhere PRU/TEG criteriais met and puncture at the arterial accesssite is performed, and
the aneurysmis not able to be accessed or a study device unable to be deployed, the reasons of
the inaccessibility of the aneurysm or study device failing to deploy (incomplete treatment) will
be captured. Any alternate treatments if received will be captured. Such subjects will not be
included in the per-protocol analysis. In cases where the subject is brought back at a later time
and undergoes a second procedure with the study device, the date of the first intervention will
be considered Day 0. The second intervention (if successful) will not be consideredaretreatment.
The subject must be brought back for the second intervention within 6 weeks of the initial
attempted treatment.
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9.6. Post-Placement Antiplatelet Agents

The subjectshould be tested for antiplatelet response perstandard of care and the appropriate dose of
antiplateletagents will be given afterthe Pipeline™ Vantage Device implant procedure as defined below.

e Aspirin: At least 81 mg daily fora minimum of 6 months

e P2Y,, Platelet Inhibitor: Daily for a minimum of 3 months. Only the following agents shall be
utilized:

Clopidogrel: Atleast 75 mg daily fora minimum of 3 months
In situations where patients are hypo-responders to Clopidogrel:

= Prasugrel (Onlyforsubjects <75 years of age and should not be usedin subjects
with a history of TIA or stroke): 5-10 mg once daily fora minimum of 3 months

Or

= Ticagrelor: 60-90 mg twice daily with a maximum daily dose of Aspirin not
exceeding 100 mg for a minimum of 3 months

Note: Treating physicians should evaluate extending the DAPT regimen based on individual subject
conditionand response (pertheir standard of care) Dosing amount will be collected on eCRFs.

9.7. Discharge Exam

At day 7 or discharge (whicheveris earlier), the following study assessments shall be performed:
e Record protocol specified medications
e Record concomitant medications
e mRSto be carried out by a certifiedindependent assessoratsite

e Full neurological exam and assessment of aneurysm symptoms (new, worsened, improved,
stable)

e Assessmentof Adverse events

Subject discharge disposition will be documentedinthe eCRFs.
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9.8. Retreatment

At the Investigator’s discretion, the target aneurysm may be retreated at any time during the study. The
retreatment procedurecaninclude any endovascularorsurgical intervention including the implant of the
Pipeline™ Vantage Device. In such situations, the date that the subject receives the initial Pipeline™
Vantage Device implant (and not the date of the retreatment) will be considered Day 0.

Reason(s) for retreatment of aneurysmshall be documented:
e Device Movement
o Foreshortening (Peri-procedural or Delayed)
o Migration
e Aneurysm Growth
e AneurysmRupture
e Aneurysm Non-Occlusion
e Insufficient Neck Coverage
Type of Retreatment will be documented:
e Planned
e Unplanned

A retreatment will be considered an “Unscheduled Visit” and subjects will be required to undergo the
following study assessments:

e Full neurological exam and assessment of aneurysm symptoms (new, worsened, improved,
stable)

e Record concomitantand protocol-specified medications

e Imaging(perstandard of care)

e NIHSS

e mRS assessmenttobe carried out by a certified independent assessor at site

e Assessmentof Adverse events
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Data will be collected forall retreatment proceduresin the Retreatment eCRFs. Retreatments should be
reported asan SAE.

9.9. Follow-up Evaluations

Subjects that consented/enrolled and underwent a successful Pipeline™ Vantage Device implant will
undergoin-clinicfollow-up at 30days, 180 days, 1year, 2 years, and 3 years. Subjects that had a Pipeline™
Vantage device attempt but were not successfully implanted with the Pipeline™ Vantage device at the
index procedure or subsequent attempts, will undergo in-clinicfollow-up at 1 year.

9.9.1. 30-Day

At day 30 post-procedure (£ 7 days), the following study assessments shall be performed and recorded in
the eCRFs:

e Record protocol specified medications
e Record concomitant medications
e mRS assessmentto be carried out by a certified independent assessor at site

e Full Neurological Exam and assessment of aneurysm symptoms (new, improved, worsened,
stable)

e Assessmentof Adverse events of interest

9.9.2. 180-Day

At day 180 post-procedure (30 days), the following study assessments shall be performed and recorded
inthe eCRFs:

e Record protocol specified medications
e Record concomitant medications

e DSA imaging, if done per standard of care; if DSA not performed per standard of care,
subject mustundergo CTA imaging.

e mRS assessmentto be carried out by a certified independent assessorat site

e Full neurological exam and assessment of aneurysm symptoms (new, worsened,improved,
stable)

e Assessmentof Adverse events of interest
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9.9.3. 1-Year

At 1-year post-procedure (£ 56 days), the following study assessments shall be performed and recorded
inthe eCRFs:

e Pregnancy test (Pregnancy test (serum or urine) only required for females of childbearing
potential. Females who are surgically sterile or post-menopausal are notrequired to take a
pregnancy test)

e Record protocol specified medications

e Record concomitant medications

e DSAimaging

e mRS assessmentto be carried out by a certified independent assessor at site

e Full neurological exam and assessment of aneurysm symptoms (new, worsened,improved,
stable)

e NIHSS

e Assessmentof Adverse events of interest

9.9.4. 2-Year

At 2-year post-procedure (£ 56 days), the following study assessments shall be performed and recorded
inthe eCRFs:

e Pregnancy test (Pregnancy test (serum or urine) only required for females of childbearing
potential. Females who are surgically sterile or post-menopausal are not required to take a
pregnancy test). Atthe 2-yearfollow-up, pregnancy testis onlyrequired for female subjects
of childbearing potential thatare undergoing DSA imaging.

e Record protocol specified medications
e Record concomitant medications

e If aneurysm is not occluded at 1 year or subsequent follow-up visits (per core lab
assessment), DSA must be performed at 2-year follow-up. If child bearing potential woman
becomes pregnant during the study, subject may obtain MRA without contrast instead of
DSA.

e mRSassessmenttobe carried out by a certified independent assessoratsite
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e Full neurological exam and assessment of aneurysm symptoms (new, worsened,improved,
stable)

e Assessmentof Adverse events of interest

9.9.5. 3-Year

At 3-year post-procedure (56 days), the following study assessments shall be performed and recorded
inthe eCRFs:

e Pregnancy test (Pregnancy test (serum or urine) only required for females of childbearing
potential. Females who are surgically sterile or post-menopausal are notrequired totake a
pregnancy test). Atthe 3-yearfollow-up, pregnancy testis onlyrequired for female subjects
of childbearing potential thatare undergoing DSA imaging.

e Record protocol specified medications
e Record concomitant medications

e |f aneurysm is not occluded at 1 year and subsequent follow-up visits (per core lab
assessment), DSA must be performed at 3- year follow-up. Subjects with aneurysm
occluded at 1 year and subsequent follow-up visits (per core lab assessment) to undergo
DSA, if performed per standard of care; if DSA not collected per standard of care, subject
must undergo CTA imaging. Under certain conditions, MRA imaging may be obtained
instead of a DSA or CTA imaging e.g., subjects with iodine allergies, borderline renal
function, pregnancy, or concerns over excessive radiation. The justification for using MRA
over DSA or CTA should be captured in the case report form. Precaution: DSA or CTA imaging
are preferred over MRA imaging due to the risk of reduced image quality (artifact) when
attemptingtovisualize nearorinside the implanted device with MRA imaging.

e mRS assessmentto be carried out by a certified independent assessorat site

e Full neurological exam and assessment of aneurysm symptoms (new, worsened,improved,
stable)

e Assessmentof Adverse events of interest

9.9.6. Unscheduled Visits

At unscheduled follow-up visit (any visit to the study site that is performed between the planned follow-
up visits) that occurs post-procedure through the 3-year visit, the following study assessments shall be
performedandrecordedinthe eCRFs:
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e Record protocol specified medications
e Record concomitant medications
e DSAimaging(collected if performed perstandard of care)

e Imagingofthe treated aneurysmusing CTA/MRA (collected if conducted perstandard of
care)

e mRS (forstroke events, mRS should be performed ata minimum of 90 days post event)
assessmentto be carried out by a certifiedindependent assessor at site

e NIHSS (Forstroke events, NIHSS should be performed at the time of eventand 24 hours
afterevent)*

e Full neurological exam and assessment of aneurysm symptoms (new, worsened,
improved, stable)

e Assessmentof Adverse events of interest

*Note that for assessments not performed at study center, the medical charts need to be obtained and
sentto SponsorforCEC evaluation.
9.10. Assessment of Effectiveness

The methods and timing forassessing effectiveness parametersis seenin Table 9-1.

9.11. Assessment of Safety

The methods and timingforassessing safety parameters, including adverse events, is seenin Table 9-1.

9.12. New Information

Study subjects will be informed of newinformation that becomesavailable duringthe course of this study
by theirtreating physician. Subjects will be notified, ata minimum, in accordance with the procedure of
IRB/REB for providing updated information to clinical study subjects.

9.13. Recording Data

Study data will be collected using electroniccase report formsand a 21 CFRPart 11-compliant electronic
data capture system. The system allows the capability of data collectionremotely throughthe intemet so
the participatingclinical site personnel may log ontothe system securelyand enterthe data. All subjects’
data collected in the system will be extensively verified through data validation programs, database
integrity rules, and investigation-specific data entry conventions for data accuracy and logical
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meaningfulness. Periodicanalysis of all subjects’ collecteddatawill be performedin orderto examine the
expected distributions of dataand to identify outliers for possible dataentry errors.

The Investigatoris responsible forreviewing all eCRF entries for completion and correctness. Changesin
case report forms will be made electronically and the system used will keep an audit trail of changes. If
necessary, an explanation for the change(s) may be provided. The Investigator will electronically approve
all eCRF data.

All study staff that enter data into eCRFs will undergo appropriate training for use of eCRFs. Further
information regarding eCRF navigation and use may be found in the eCRF Completion Guidelines.

9.14. Deviation Handling

A protocol deviation is defined as an event where the Investigator or clinical study personnel did not
conduct the study according to the clinical protocol. Protocol deviations will be reported to the Sponsor
within the eCRF regardless of whether it was medically justifiable or taken to protect the subjectin an
emergency.

Except under emergency circumstances to protect the rights, safety and well-being of human subjects,
the clinical protocol will be followed as described. Subject-specific protocol deviations and non-subject-
specificprotocol deviations must be reported. Investigators will also adhere to procedures forreporting
protocol deviations to their IRB/REB inaccordance with their specific IRB/REB reporting policies, timelines,
and procedures.

The Sponsoris responsible for analyzing deviations and assessing their significance. Protocol deviations
will be routinely reviewed by the Sponsor study team. Where deviations occur, clinical sites are expected
to implement preventative and corrective actions to prevent further protocol deviations. Clinical sites
with a high rate of protocol deviations will be closely evaluated. If a clinical site demonstrates persistent
protocol deviations, the clinical site may be prohibited from enrolling additional subjects, and in some
cases, sponsor may terminate the Investigator’s participationin the study.If astudy required assessment
ismissed, thenitwill be considered as a protocol deviation.

9.15. Subject Withdrawal or Discontinuation

Upon completion of the specified studyfollow-up, the subject will be exempt fromfurther data collection.
The subject will be seen by the treating physician according to standard of care followingintracranial
aneurysmtreatment.

Subjects may withdraw from the study at any time without penalty or loss of medical care, or they may
be withdrawn at any time at the discretion of the Principal Investigator or Sponsor for safety or
administrativereasons. Subjects that withdraw from the study willnot be replaced.
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9.15.1. Subject Withdrawal

All enrolled subjects have the right to withdraw their consent at any time during this study. All data
collected until the time of subject withdrawal will remain in the study database and will be used for
analysis. If a subjectis withdrawn fromthe clinical study, the reason for withdrawal shall be recorded in
the eCRFand in the subject’s hospitalrecord.

Whenever possible, the clinical site staff should obtain written documentation from the subject who
wishestowithdraw his/herconsentforfuture follow-up visits. If the clinical site staffis unable to obtain
written documentation, all information regarding the subject’s withdrawal must be recorded in the
subject’s medical record. In addition, the appropriate eCRFs must be completed forthe subjectand clear
documentation of the subject’s withdrawal should be provided to the Sponsor.

9.15.2. Subject Discontinuation by Investigator

An Investigator may discontinue a subject from the study, with or without the subject’s consent for any
reason that may, inthe Investigator’s opinion, negatively affect the well-being of the subject, subject non-
compliance, Sponsor decision due to early termination of the study, or if the IRB/REB or regulatory
authority stops the study for any reason. If a subjectis discontinued from the study, the Investigator will
promptlyinform the subjectand Sponsor.

9.15.3. Lost to Follow-up

A subject will be considered lost to follow-up if the subject cannot be reached aftera minimum of three
(3) attempts to contact the subject for a follow-up visit. The clinical site must document a minimum of
three (3) attempts, and the final documented attempt should be made viaregistered letter.
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10.Risks and Benefits

10.1. Potential Risks

Residual risks fromthe risk management workbook (RMW15-0012_L) for Pipeline™ Vantage was analyzed
to determine the potential clinical harms that may be associated with the use of the Pipeline™ Vantage
device. Residual risks, as identified in the risk management work (RMW15-0012_L) are included in the
below potential risks. Note that the Risk Management Workbook is a document that is continuously
updated. The most current associated risks are also captured in the Instructions For Use (IFU), (P/N
M993912ADOC2). Anticipated Adverse Events and Adverse Device Effects associated with use ofthe study
device and the study procedure(s) include:

Neurological Events An event of interest related to the target aneurysm clinical outcomeand includes the
of Interest following events of interest:

Death
Neurological Death
Stroke*
Major
Minor
ICH*
Target Aneurysm Rupture
Transient Ischemic Attack
Cerebral Infarction
Symptomatic
Asymptomatic
Target Aneurysm Retreatment
Planned
Unplanned
Neurological Deficit (decline in mRS)*
Focal
Generalized
Visual Symptoms*:
Scintillations
Blurredvision
Floaters
Diplopia
Retinal Artery Occlusion
Amaurosis Fugax
Vision Loss
Visual Field Deficit
*|psilateral Territory: Presumed to be of the vascular origin of the treated vascular
territory

Medtronic Controlled Information
This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099

Version C Page 90 of 144

Procedural Events of
Interest

Events representing the endovascular procedural complications of the study aneurysm

treatment. Complications could befatal or non-fatal, Serious or Non-Serious, Acute or
Delayed. These include:

Access Site Complications:

Hematoma/hemorrhage
Retroperitoneal
Localized
Pseudoaneurysm (PSA)
Vessel occlusion
Arteriovenous fistula (AVF)
Deep Vein Thrombosis (DVT)
Local neurogenic or nerve complications
Pain
Vascular Complications (Intra-Cranial or Extra Cranial):
Dissection
Perforation
Rupture
Vasospasms (vasoconstriction)
Intracranial fistulaformation
Occlusion
Thromboembolic Complications
Distal Thromboembolic complication
Anesthesia related complications
Aspiration
Hypertension
Hypotension
Contrast Related Complications:
BurningSensation
Nausea
ContrastNephropathy
Visual Impairment/Visual symptoms
Excessive Radiation Complications:
Skin reddening,
Blisters and ulcers,
Hair loss (alopecia)
Cataracts
Late appearingcancers
Systemic complications: Infection,Shock, Arrhythmia

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template




PR-NV16099

ADVANCE Clinical Investigation Plan

Version C Page 91 of 144

Device related
Events of Interest

Events representing complications of the study device orits use. These includefatal or
non-fatal, serious or non-serious in nature:

Device Thrombosis
Parent Artery (In-Stent) Stenosis
Incomplete Occlusion (Atfollow-up imaging)
Mechanical Device Failures (Device Deficiencies) including but not limited to:
o Incomplete Open
Failureto Open
Pushwire Separationissues
Loss of Device Integrity (fracture, fragmentation break)
Device- Catheter Interaction (excessivefriction, trackabilityissues)
Device Foreign Body Reaction (Toxicity, Granuloma)
Device Movement
=  Foreshortening (delayed)
= Migration

O O O 0O O O

DAPT Related Events
of Interests

Events representing complications of the use of Dual Antiplatelet Therapy. These include
fatal or non-fatal, serious or non-serious in nature:

Bleeding Complications (GUSTO)

o Mild
o Moderate
o Severe

Thrombocytopenia/Thrombotic thrombocytopenic purpura
Nose bleeds (epistaxis)

Allergic reaction to medications includingangioedema
Generalized Headache

Dizziness
Anemia
Abnormal Liver and/or kidney function
Gl Symptoms:

o Abdominal pain,

o Nausea,

o Vomiting

o Indigestion

o Gastritis/Gastric Ulcer
Dyspnea
Fatigue

Arrhythmias/ventricular pause(s)
Note: For comprehensive potential risks associated with dual antiplatelet therapy, please
refer to the most currentlabellingfor thespecificantiplateletdruge.g., Aspirin, Clopidogrel,
Prasugrel, Ticagrelor

10.2. Risk Mitigations

Several safeguards are incorporated into the study to minimize subject risk. All pre-clinical device testing
forthe implantable braid and the single use delivery systemare performed inaccordance with regulations
and recognized standards. All test results have passed the required specifications supporting reasonable
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safety forthis clinical product.

At each investigational site, the study will be conducted under the direction of a qualified physidan
experiencedwith endovascular proceduresincluding intracranialaneurysm repairand who will self-attest
to completing a minimum of 20 Pipeline™ Flex Embolization Device cases. All participating investigators
have experience conducting clinical research and have adequate personnel to assure compliance to the
study protocol.

Subjects will be monitored closely as part of the study to allow for detection of adverse events, should
they be present. This,inturn, shouldallowforearly treatment, if necessary. Personally identifying subject
information will not be collected on eCRFs or other study-related documentation to be provided to the
Sponsor.

Inaddition, subjectsmust have pre-procedure P2Yy, reaction unit value (PRU) within therapeutic range of
60 and 200 prior to undergoing procedure with the Pipeline™ Vantage Device. Pre-procedure P2Y;,
reaction unit value (PRU) has shown to predict perioperative thromboembolic and hemorrhagic
complications. Inastudyinvolving 44 subject and 48 Pipeline™ Embolization Device (PED) procedures for
cerebral aneurysm treatment, Delgado Almandoz et al. reported that a pre-procedure PRU value of <60
or >240 (p=0.02) and a technically difficult procedure (p=0.04) were independent predictors of all
perioperative thromboembolic and hemorrhagic complications after PED procedures. Inclusion criteria
surrounding this optimal pre-procedural PRU value range is intended to minimize subject risk for
procedural complications. Additionally, TEG was added for sites OUS where PRU test cannot be
performed; based on the TEG test, pre-procedure ADP% between >30% and <90% has been used to
evaluate adequate platelet reactivity.'®

All study data will be monitored by individual site and combined sites. Clinical outcomes of all study
subjects will be routinely monitored by the Sponsor during the course of the study. Safety endpoint
related events will be reviewed and adjudicated by an independent CEC and an independent DMC will
provide oversight throughout the trial. In the event of unforeseen or increased risks to subjects
encountered duringthe course of the study, the study may be suspended orterminated.

10.3. Potential Benefits

Endovascular coilingisacommonlyprescribedintracranialaneurysm treatment due to itsfavorable safety
and efficacy profile.?*** However, the major limitations of this intracranialaneurysm treatment modeare
risks for incomplete occlusion and aneurysm recurrence or recanalization.}3?!3 Large and giant complex
intracranial aneurysms are even more susceptible to endovascular coiling failure with high rates of
incomplete occlusion and subsequent recanalization.®* Even with the achievement of complete occlusion
following coil embolization, lesions are subject to coil compaction leading to recurrence, continued
surveillance, and often necessitate retreatment due to rupture risk. Finally, important subgroups of
lesions including fusiform, wide-neck, dissecting, and other complex aneurysm configurations are
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unsuitable or unsafe forembolization and/or conventional stenting.

Since the introduction of the Pipeline™ Embolization Device, flow diverters have represented a shift in
interventional aneurysm treatment from endoluminal based approaches to vessel reconstruction. The
Pipeline™device, when placed across the aneurysmal neck, redirects blood flowaway from the aneurysm
sac, leading to aneurysmthrombosis and occlusion. By disrupting the hemodynamicexchanges across the
aneurysm neck and into the sac, the Pipeline™ implant addresses the diseased segment of the parent
artery, allowing for neoendothelialization to occur, effectively excluding the aneurysm from the vessel
wall.13%1% The occluded aneurysm decreases progressively in size, resultingin a restructuring of the local
neurovasculature to its pre-aneurysm state. The curative and permanent outcomes of flow diversion
treatment are thus a consequence of three potential mechanisms of action: (i) endovascular
reconstruction of a segmentally diseased artery, (ii) flow reduction sufficient to induce thrombosis in the
aneurysmsac, and (iii) biologicrepair of the aneurysm neck by intimal growth. Finally, because the flow
diverter’s mechanism of action is independent of aneurysm size, dome-to-neck ratio, or need for dense
coil packing, flow diversion strategies seem particularly well-suited to wide-necked and fusiform
aneurysms, for which no optimal endovascular and/or surgical alternative exists. In addition, since flow
divertersare placedin the parentartery, they do not leave behind coil mass which may cause significant
symptoms following treatment. Clinical trial results and findings from the published literature report
Pipeline™ Embolization Device and Pipeline™ Flex Embolization Device technical success rates of 87-
100%.52°7-5287 Complete aneurysm occlusion is commonly measured using the Raymond Roy Scale.!
Arteriographicoutcomes are divided intothree categories inthis scale: (1) complete occlusion, (2) residual
neck, and (3) residual aneurysm.! Pipeline™ Embolization Device treatment achieves up to approximately
95% permanentaneurysm occlusion.®->58” Aneurysm obliterationhas been shown to be maintained over
long-term follow-up - further evidence of the high probability for patients to experience one or more
major benefits following Pipeline™ Embolization Device treatment.

The introduction of the Pipeline™ Vantage Device aims to further improve the safety and effectiveness
profile of the device.The Shield Technology™ surface modification, based on phosphorylcholine (PC), aims
to improve the biocompatibilityand decrease the thrombogenicity of the Pipeline™ Vantage device while
preserving theclinically provendesign ofthe Pipeline™ implant. In vivo studies have shown that PC-coated
stents implanted in the peripheral arteries inhibit platelet adherence and thrombosis in this specific
application.®97172137Thys, itis anticipated that the benefits achieved from the Pipeline™ Flex Embolization
Device should be at least maintained and perhaps improved with the use of Pipeline™ Vantage
Embolization Device with Shield Technology™.

10.4. Risk-Benefit Rationale

The potential risks associated with the use of the Pipeline™ Vantage Device, based on risks observed with
the Pipeline™ Embolization Device and Pipeline™ Flex Embolization Device, include ischemic
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stroke,626185138.139140141 intracranial hemorrhage,>?°314%1%¢ neurological deficit,*® and death,3350515%
55,87,91,130,138,145,147-202

Ischemic stroke with the Pipeline™ Embolization Device has ranged from 0.96% to 10.7%.°*
54,61,62,85,127,138,169,181,182,184,194,196,203220 Thirty-three studies reporting clinical outcomes in > 25 patients
observed 230ischemicstroke or cerebral infarction. Five studies did not report rate of ischemicstroke or
cerebral infarction.2%5:209212.220 Qpe study reported ischemic stroke in one out of 59 patients.?® Three
studies reported cerebral infarction in one of 50 patients,??° one of 40 patients,?°® and two of 140
patients.?>Onestudy reported strokein two of 110 patients.?*2Overall, three of the studies that reported
ischemic stroke reported that the events were procedure-related and one study reported an ischemic
stroke that was device related.1>4181184221.222 Considered the total patients captured in the relevant
literature (9,121), the number of reported ischemicstroke events was low; thus the benefits of the use of
the Pipeline™ device are expected to outweigh the risk.

Pipeline™ Embolization Device studies have also reported intracranial hemorrhage (0.6% to
12%).52,53,84,85,91,139,144,149,152,164,166,182,185,187,20}205,207,211,213,215,216,219,223-235 |n their IntrePED SUb-anaIySiS,
Brinjikji et al. investigated the risk factors for hemorrhagic complications with Pipeline™ Embolization
Device treatment.23® Variables related to higher odds of intraparenchymal hemorrhage included
treatment of ruptured aneurysms and use of more than 3 Pipeline™ Embolization Devices.?* The exact
cause of intracranial hemorrhage with Pipeline™ Embolization Device use is unknown but possible
explanationsinclude use of DAPT and hemodynamicperturbations from flow diverter treatment.?®

Pipeline™ Embolization Device studies have also reported Neurological deficit/dysfunction. Thirty-six
studies reporting clinical outcomes in>25 patients observe a total of 145 neurologic deficits/dysfunctions,
Wlth ratesra nging from 03% to 15.4%'50,53,84,140,152,153,160,169,173,181,187,196,204,211,227,232,237-255 S|X StudieS d|d not
report rates for neurological deficits/dysfunction, but reported the number of cases, totaling 15 reported
casesin 271 subjects. The number of reported neurological deficit/dysfunction was low; thus the benefits
of the use of the Pipeline™ device are expected to outweigh the risk.

Reported mortality with Pipeline™ Embolization Device use was 0.7% to 11.5% from 24 studies reporting
Clinical outcomes in > 25 patients 52,53,85,127,144,149,150,164,169,175,182,187,205,210,213,215,219,224,225,228,229,233 Atotal Of

132 deaths were reported in these StudieS.52’53’85'127'144’149’150’164’169’175’182'187'205’210’213'215’219’224’225’228’229’233
When takeninto consideration with the rest of the published literature, out of the total patients captured
in the literature, the number of reported deaths was low; thus the benefits of the use of Pipeline™ are
expectedtooutweigh therisk.

The risks associated with intracranial aneurysm treatment have to be balanced with the lifetime risk of
rupture, patient life expectancy, and patient stress from the knowledge of the aneurysm and the
possibility of rupture.?°®¢ When an intracranial aneurysm ruptures, the resulting SAH is life-threatening.
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Subarachnoid hemorrhage from an aneurysmrupture is associated with 45% 30 day mortality and of the
patients who survive, half experience morbidity.12-2>7

Published dataon the Pipeline™ Embolization Device and Pipeline™ Flex Embolization Device support its
efficacy and safetyin the treatment of small, medium, large, and giant wide-neck aneurysmsin both the
anterior and posterior circulation.>°>°9618485166258 The device currently has commercial approval in the
US for large and giant wide-neck aneurysms and preliminary evidence with the Pipeline™ Embolization
Device has shown thatit can safely completely occlude small aneurysms. In a 100 patient study, Chalouhi
et al. observed 72% (54/75) of small aneurysms were completely occluded (mean follow-up time: 6.3
months).1%8 All patients achieved afavorable outcome at 7.3 month mean follow-up.*® Griessenhauer et
al. treated 52 small paraophthalmicartery aneurysms and noted 81.5% (44/54) complete occlusion with
a median follow-up of 11.5 months.?*® There was no mortality or permanent visual deficit.2>° Overall
complete occlusion rates ranged from 72-86% at mean follow-ups of 4-6.3 months. Morbidity was 0-5%
and mortality was 0-2.3% at mean follow-up of 4-7.3 months,33:160.166.259.260 Gafety data from the Intre PED
study reveal that of the 268 patients with unrupturedintracranial aneurysms <10 mm located in the ICA
up to the terminus, the combined neurological morbidity and mortality rate was 3.4%.8°

The published literature provides evidence that the risk-benefit ratioof the Pipeline™ Embolization Device
and Pipeline™ Flex Embolization Device is acceptable. The clinical benefits achieved with the Pipeline™
Embolization Device and Pipeline™ Flex Embolization Device for the endovascular embolization of
intracranial aneurysmsis significant and outweighs the individual and overall residual risk associated with
its use. Pipeline™ Vantage device should enhance the deliverability; and lower material thrombogenicity
associated with the established Pipeline™ Flex Embolization Device based upon analogous thrombotic
reductions seen in peripheral stent applications using PC surface modification. In addition, pre-clinical
bench and animal testing of the Pipeline™ Vantage Device indicates non-inferiority to the established
Pipeline™ Flex Embolization Device.

The Pipeline™ Vantage Device consists of an improved version of the same Pipeline™ Flex Embolization
Device implant with increased radiopacity and pore density. The delivery system of Pipeline™ Vantage
was designed to be compatible with 0.021” inner diameter micro catheters for select sizes and also
includes a new Advanced Resheathing Mechanism with enhanced reliability. Additionally, Pipeline™
Vantage has a phosphorylcholine polymer coating on the implant braid. Pipeline™ Vantage, Pipeline™
Shield, Pipeline™and Pipeline™ Flex share substantial equivalence interms ofindication for use, structural
composition, construction materials, manufacturing process, safety, and performance. In a prospective
clinical study, Martinez-Galdamez et al. assessed peri-procedural outcomes and early safety outcomes
associated with the use of Pipeline™ Shield forthe treatment of unruptured aneurysmsin 50 patients.?
The device was successfully deployed in 98.1% of patients. Complete wall apposition was achieved
immediately in 96% patients, with the aneurysm neck successfully covered in all patients. No major
strokes or neurologicdeaths werereported 30days post-procedure. Retreatment was not required in any
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of the patients. During the 30-day follow-up period, procedure-related, SAEs, including access site
hematoma in one (2%) patient, carotid artery dissection in one (2%) patient, cerebral infarction in one
(2%) patient, and nausea in two (4%) patients were reported. No morbidity or mortality were reported.
Results from this study demonstrate that use of Pipeline™ Flex Embolization Device with Shield
Technology™ was not associated with greater risk compared to Pipeline™ and Pipeline™ Flex.

Collectively, based on the extensive data with previous generations of the Pipeline™ device, itis expected
that the Pipeline™ Vantage deviceshould provide asafe and effectivetreatment optionfor the treatment
of patients with intracranial aneurysms. With the addition of the Shield Technology™, the potential to
reduce material thrombogenicity improves upon the acceptable benefit-to-risk ratio that currently exists
with the Pipeline™ FlexEmbolization Device. Therefore, Medtronic considers the potential benefits of the
Pipeline™Vantage Device to outweigh the potential risks in the defined subject population.
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11. Adverse Events and Device Deficiencies

All adverse events (AEs) will be collected and evaluated from point of enroliment through study exit per
the Schedule of Assessments for all subjects enrolledin the study. Adverse event status will be evaluated
throughout the study.

Investigators must obtain all information available to determine the causality, seriousness and outcome
of the AE and to assess whetherit meets the criteriafor expedited reporting requiring notification to the
Sponsor, and where applicable, regulatory agency(ies) and IRBs/REBs/Ethics Committees within the
specified reporting timeframe per 21 CFR 812 or local regulations. Reported AEs shall be categorized by
the site investigator when reporting to the sponsor using the definitions provided in Section 11.1 and
11.3.

Target Aneurysmrelated signs and symptoms that in the opinion of the Investigatorexisted priortothe
pointof puncture at the arterial access site on the day of the study procedure (Day 0) are not considered
AEs (but will be collected as Medical History/ Risk Factors) unless the condition recurs after the subject
has recovered from the pre-existing condition, or the condition worsens in severity, seriousness or
frequency duringthe study.

If the subjectis enrolled and undergoes puncture at the arterial access site but an attemptto deploy the
Pipeline™ Vantage Device is not made due to ineligibility of the subject for the study (e.g., inability to
access the aneurysmor other exclusion criterionidentified during the procedure) any adverse events or
device deficiencies that occurare to be collected through subject’s study exit.

All AEs, as well astheirstart dates, action taken, severity, causalityassessment, seriousnessand outcome
should be documentedinthe subject’s medicalrecordsandinthe eCRF.

A list of foreseeable adverse events of the study is provided in Section 10.1.
11.1. Adverse Event Definitions

11.1.1. Adverse Event

Any untoward medical occurrence, unintended disease or injury, or untoward clinical signs (including
abnormal laboratory findings) in subjects, users or other persons, whether or not related to the
investigational medical device. (ISO 14155:2011 3.2)

Note 1: This definitionincludes events related to the investigational medical device or the comparator.

Note 2: This definition includes events related to the proceduresinvolved.
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Note 3: Forusers or other persons, this definitionis restricted to events related to investigational medical
devices.

11.1.2. Serious Adverse Event
Adverse Event that
a) Ledto death,injury or permanentimpairmenttoabody structure or a body function
b) Ledto a seriousdeteriorationinthe health of the subject, thateitherresultedin:
a. Alife-threateningillnessorinjury, or
b. A permanentimpairmentof abody structure or a body function, or
c. In-patienthospitalization or prolongation of existing hospitalization, or

d. Medical orsurgical interventionto preventlife-threateningillness orinjury or permanent
impairmentto a body structure or a body function,

c) Ledto fetal distress, fetal death ora congenital abnormality or birth defect (1SO 14155:2011
3.37)

Note: Planned hospitalization for a pre-existing condition, or a procedure required by the Clinical
Investigation Plan, without serious deterioration in health, is not considered a SAE.

11.1.3. Adverse Device Event

Adverse event related to the use of an investigational medical device. (ISO 14155:2011 3.1) The
investigational medical device for this study is the Pipeline™ Vantage Device used during the study
procedure (Day0).

Note 1: This definition includes any adverse events resulting from insufficiencies or inadequacies in the
IFU, the deployment, implantation, installation, operation, or any malfunction of the investigational
medical device.

Note 2: This definition includes any event resulting from use error or intentional abnormal use of the
investigationalmedical device.
11.1.4. Serious Adverse Device Event

Adverse device effect that has resulted in any of the consequences characteristic of a SAE. (I1SO
14155:2011 3.36)
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11.1.5. Unanticipated Serious Adverse Device Event (USADE)

Serious adverse device effect which by its nature, incidence, severity or outcome has not been identified
inthe currentversion of the risk analysis report. (ISO 14155:2011 3.42)

Note: Anticipated serious adverse device effect (ASADE) is an effect which byits nature, incidence, severity
or outcome has beenidentified in the risk analysis report.
11.1.6. Unanticipated Adverse Device Event

Serious adverse effect on health or safety or any life-threatening problem or death caused by, or
associated with, adevice, if that effect, problem, or deathwas not previouslyidentified in nature, severity,
or degree of incidence in the investigational plan or application (including a supplementary plan or
application), or any other unanticipated serious problem associated with a device that relates to the
rights, safety, orwelfare of subjects. (21 CFR812.3 (s))

11.1.7. Event Severity

The severity of an adverse eventis a qualitative judgment of the degree of intensity, as determined by the
Principal Investigatororas reported by the subject. The severity of the AEshould be evaluated according
to the following scale:

e Mild: No limitation of usual activities, no therapy or only symptomatictherapy requiredto treat
theinjuryorillness.

e Moderate: Some limitation of usual activities or specifictherapyisrequired.

e Severe: Inability to carry out usual activities, hospitalization, emergency treatment, life-
threateningevents, or death.

11.1.8. Causality Assessment of Events

The relationship between the occurrence of each adverse event to the following will be assessed:
e Use of the medical deviceforthisstudy, Pipeline™ Vantage Device

e Index study procedure (on Day 0) involving initial application of the investigational medical device,
and therefore notto any other procedures ortreatments applied later during theclinical investigation
(e.g., surgical proceduresto treat SAEs).

e Use of antiplatelettherapy.
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The occurrence of each adverse eventshall be assessed and categorized according to five different levels
of causality for which the following definitions shall be used to assess the relationship of the adverse event
to the investigational medical device, orindex procedure, or use of DAPT:

1. NotRelated:
Relationshiptothe device or procedures can be excluded when:

o theeventisnotaknownside effect of the product category the device belongsto or
of similardevices and procedures;

e the event has no temporal relationship with the use of the investigational device or
the procedures;

e theseriouseventdoesnotfollow aknown response patterntothe medical device (if
the response patternis previously known) and is biologically implausible;

e the discontinuation of medical device application or the reduction of the level of
activation/exposure - when clinically feasible — and reintroduction of its use (or
increase of the level of activation/exposure), do notimpact on the serious event;

e theeventinvolvesabody-site oran organ not expected to be affected by the device
or procedure;

e the event can be attributed to another cause (e.g. an underlying or concurrent
illness/clinical condition, an effect of another device, drug, treatment or other risk
factors);

e the eventdoesnotdependon afalse resultgiven by the investigational device used
for diagnosis*, when applicable [*If an investigational device gives an incorrect
diagnosis, the subject might, for example, receive an unnecessary treatment and
incur all the risks that accompany that treatment, or mightbe incorrectly diagnosed
with a serious disease. In other cases, the subject might not receive an effective
treatment (thereby missing out on the benefits that treatment would confer), or
might not be diagnosed with the correct disease or condition];

e harms to the subjectare not clearly due to use error;

e In orderto establish the non-relatedness, not all the criteria listed above might be
met at the same time, depending on the type of device/procedures and the serious
event.
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2. Unlikely:

The relationship with the use of the device seems not relevant and/or the event can be
reasonably explained by another cause, but additionalinformation may be obtained.

3. Possible:

The relationship with the use of the investigational device is weak but cannot be ruled out
completely. Alternative causes are also possible (e.g., an underlying or concurrent
illness/clinical condition or/and an effect of another device, drug or treatment). Cases were
relatedness cannot be assessed or noinformation has been obtainedshouldalso be classified
as possible.

4, Probable:

The relationship with the use of the investigational device seems relevantand/or the event
cannot reasonably explain by another cause, but additional information may be obtained.

5. Causalrelationship:

The adverse event is associated with the investigational device or with procedures beyond
reasonable doubtwhen:

e theeventisaknownsideeffect of the product category the device belongs to or of similar
devices and procedures;

e the event has a temporal relationship with investigational device use/application or
procedures;

e theeventinvolvesabody-siteororganthat:
o theinvestigational device or proceduresare applied to;
o theinvestigational device or procedures have an effecton:

e the adverse event follows a known response pattern to the medical device (if the
response patternis previously known);

e the discontinuation of medical device application (or reduction of the level of
activation/exposure) and reintroduction of its use (or increase of the level of
activation/exposure), impact on the serious event (when clinically feasible);
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e other possible causes (e.g. an underlying or concurrent iliness/clinical condition or/and
an effect of anotherdevice, drugortreatment) have been adequately ruled out;

e harm to the subjectisdueto errorinuse;

e theeventdependsonafalseresultgiven by theinvestigational device used for diagnosis*,
when applicable;

e Inorderto establishthe relatedness, notall the criterialisted above might be metatthe
same time, depending on the type of device/procedures and the serious event.

The Investigators shall distinguish between the adverse events related to the investigational device and
those related tothe procedures (any procedure specificto the clinical investigation).

An adverse eventcan be related both to procedures and the investigational device.

Complications of procedures are considered notrelated if the said procedures would have been applied
to the subjectsin the absence of investigational device use/application.

In some particular casesthe event may be notadequately assessed becauseinformation is insufficient or
contradictory and/or the data cannot be verified or supplemented. The Investigators will make the
maximum effort to define and categorize the event and avoid these situations. Where the Sponsor
remains uncertain about classifying the adverse event, it should not exclude the relatedness and
classification of the event should be noted as “possible”.

11.2. Reporting of Adverse Events

The Investigator is required to report all reportable SAEs and UADE’s within 24 hours after first leaming
of the eventtothe Sponsor (Table 11-1). In addition, wherelocal country regulatory authorities specially
require a more stringent definition or additional requirement, the local regulation should also be complied
with.

The primary method of reporting SAEs to the sponsor will be through the electronic study database on
the Adverse Event eCRF.

The primary method of reporting UADE’s is through SAE hotline email.

If the database is unavailable or not accessible the Investigator may send the informationto the SAE email
hotline.

The Investigator shall provide all requested supporting documentation for reported SAEs or AEs
(blinded/de-identified as to subjects’ identity) through the SAE Hotline or to the monitor and/or clinical
team via email as requested. The Investigator shall complete data entry in the study Electronic Data
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Capture (EDC) database with the same information provided on the paper form as soon as the database
becomes available.

Table 11-1. Expedited Adverse Event and Device Specific Event Reporting Requirements

SAEs / DD with SADE | Investigatorwill notifySponsor of all SAEs and Device Deficiencieswith SADE
potential potential within 24 hours of being aware of the event.

Primary method of | Corresponding eCRF (e.g., Adverse Event CRF or Device Deficiency CRF) in
reporting study EDC database

Sponsor 24 Hour Email: dl. ADVANCESAEHotline@medtronic.com

SAE/UADE Hotline To be used as back-up in event that database if unavailable or inaccessible

TR T T e within required reporting timeline orforreportingall UADE’s.

As additional information becomes available, copies of source documentation which contain significant
information related to the eventsuch as operative reports, imaging studies, discharge notes and subject
summaries etc. may be requested foracomplete evaluation of the event by the sponsoror CEC.

In regard to subject deaths, a de-identified copy of the death certificate and a de-identified copy of the
autopsy report, if applicable, is to be sent to the Sponsor. Any other source documents related to the
death should also be provided to the Sponsor and should be blinded/de-identified as to the subject’s
identity. In the event that no source documents are available, the Investigator is requested to describe
the circumstances of the subject’s death in aletter, e-mail or other written communication to the Sponsor.

The Investigators are required to comply with their local Safety reporting requirements per their
region/IRB/REB.

UADEs/USADEs have expedited reporting requirements. UADEs must be reported by the Investigator to
the Sponsorvia email provided above within 24 hours and the reviewing IRB/REB per IRB/REB reporting
requirement, but in no event later than 10 working days after the investigational site first learns of the
event (CFR812.150(a)(1)).

11.3. Device Deficiency

Device Deficiency is defined as inadequacy of a medical device with respect to its identity, quality,
durability, reliability, safety or performance (1SO 14155:2011 3.15).

Note that device deficiencies include malfunctions, use errors, and inadequate labeling.
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All device deficiencies should be reported to the Sponsoronthe DD eCRFsina timely manner.

Device Deficiencies that have the potential to cause a serious adverse device effect shall be reported to
the sponsorwithin 24 hrs of site’sawareness of the event.

These should be reported to the local competent authorities and IRBs/REBs as required per local
requirements.

WhenaDD isobserved, every effort should be made to returnthe deviceand its packaging to the Sponsor
ina timely manner.

All Qualified Investigators must report product complaints to the sponsor (i.e., any Medtronic personnel)
and Health Canada as required by governinglaw (i.e., Canada Medical Device Regulations 1998 (SOR/98-
282).
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12. Data Review Committees

To avoid and minimize bias, an independent CEC, Imaging Core Laboratory, and DMC will be in place to
assess adverse events, occlusion and parent artery stenosis, and oversee the safety of the trial
respectively.

12.1. Clinical Events Committee

A CEC shall be comprised of a minimum of three (3) physicians knowledgeable in the appropriate
disciplines and medical specialties pertinent to the disease state being evaluated in this clinical study and
will be responsibleforanindependent,objectiveand consistent review of AEs.

Eventlevel adjudications will be performed by asingle CECmemberforstartand stop dates, seriousness,
causality assessment, severity and outcomes for all adjudicable adverse events per CEC charter.

The CEC will independentlyadjudicate each subject to pre-specified Events Of Interest (EOI) which indude
the primary endpoint, secondary safety endpoints, and pre-specified events of interest per Section 10.1.

The CEC can request additional source documentation and any potential imaging obtained in support of
the adverse eventto assist with adjudication.
12.2. Imaging Core Laboratory

To objectively and consistently assess imaging data, animaging protocol will be provided tothe site. The
imaging core laboratory will be responsible for the qualitative image analysis to determine aneurysm
occlusion, parentartery stenosis, and discernible device movement.

12.2.1. Screening Eligibility Review

The core lab will be responsible for review of screening images to determine suitability for treatment in
the study. In this role, the core lab will perform measurements to confirm the anatomical dimensions
includedinthe eligibility criteria.

The reviewing committee (Physician Screening Committee) will be responsible for determining subject
eligibility in the study. Further details on the Physician Screening Committee will be provided in the core
lab charter.

12.2.2. Pre-Procedure Anatomy

Baseline imaging will be reviewed to assess baseline aneurysm and parentartery characteristics.
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12.2.3. Aneurysm Occlusion

Post-procedureand follow-up angiograms will be reviewed to assess aneurysm occlusion according to the
Raymond Roy Scalel (Figure 12-1).

———

RESIDUAL NECK RESIDUAL ANEURYSM

Figure 12-1. Raymond Roy Scale for Grading Aneurysm Occlusion

o Class 1: Complete Occlusion = Complete obliteration of the aneurysm

o Class 2: Residual Neck = Persistence of any portion of the original defect of the arterial wall as
seenon any singe projection, but without opacification of the aneurysmal sac

o Class 3: Residual Aneurysm = Any opacification of the aneurysmal sac

12.2.4. Parent Artery Stenosis

Post-procedure angiograms will be reviewed to assess stenosis in the parent artery across the entire
Pipeline™ Vantage Deviceimplant. Vessel stenosis willbe measured and judged according to the scale in
Table 12-1 in cases, where paired imagingis available for DSA. If DSAis unavailable, flow limiting stenosis
(>50%) vs. non-flow limiting stenosis (<50%) will be assessed by CTA images.

Table 12-1. Stenosis Grading Scale

Category | Degree of Stenosis
0 1-25%

1 >25 —<50%

2 >50 —<75%

3 >75-100%

12.3. Data Monitoring Committee

The DMC will be an independent group that will serve as a data monitoring committee. The DMC will be
comprised of representatives from multiple disciplines including but not limited to neurology,
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biostatistics/epidemiology, neurosurgery and interventional neuroradiology that are independent of the
clinical sites.

In the safety monitoringrole, this board shall provide recommendations to the Sponsorregardingin the
conduct of the clinical study. The DMC will establish proposed safety monitoringcriteriafor the study and
will establish and document any required analysis time points for assessing safety. The group will also
establisha DMC Charter which will describe the DMC operating procedures.
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13. Statistical Design and Methods

13.1. General Principles

A detailed statistical analysis plan (SAP) will be finalized priorto performing any analyses to expand upon
the statistical methods presented below. Summary tables will summarize dataforall subjects combined.
All recorded data will be presented in the individual data listings sorted by site patient, and date of
observation.

13.2. Sample Size Determination

The targetsample size forthis clinical investigation is 100 patients enrolled and treated and followedfor
safety events with the expectation of having digital imagery at 1-year post-procedure on a minimum of
80 patients.

Sample size estimation for the primary safety endpoint was initially based on recommendations by the
FDA consideringthe precision of the estimates. For the primary safety endpoint, the incidence of major
stroke inthe territory supplied by the treated artery or neurological death at 1 year, with anincidence as
high as 8%, a sample size of 100 subjects will provide a precision of approximately + 5.5%, which is
consideredto be reasonable.

The basis for establishing the a priori threshold for the primary safety endpoint at 14% is rooted in the
derivations presented in the table presented below, predicated on a population for analysis of 100
patients (with up to 140 subjects enrolled). Simulations were prepared in SAS assuming an observed
incidence in the ADVANCE IDE study of primary safety events ranging from 5.6% to 6.9%. Scenarios 1
through 9 reveal a power greaterthan 80% (Table 13-1).

Table 13-1. Estimated Power Over a Range of Possible Primary Safety Outcomes with 100 Patients (a
priori threshold of 14%)

Simulation | a priori Threshold | Observed Incidence Power
. . . Actual Type 1 Error Rate

Scenario (proportion) (proportion) (percent)
1 0.14 0.0560 0.0492 89.19
2 0.14 0.0570 0.0492 88.29
3 0.14 0.0580 0.0492 87.36
4 0.14 0.0590 0.0492 86.38
5 0.14 0.0600 0.0492 85.37
6 0.14 0.0610 0.0492 84.32
7 0.14 0.0620 0.0492 83.23
8 0.14 0.0630 0.0492 82.11
9 0.14 0.0640 0.0492 80.96
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10 0.14 0.0650 0.0492 79.77
11 0.14 0.0660 0.0492 78.55
12 0.14 0.0670 0.0492 77.30
13 0.14 0.0680 0.0492 76.02
14 0.14 0.0690 0.0492 74.72

Althoughthe powerislessthan 80when the incidence of safetyeventsis 6.5% or higher, the power s still
adequate whencontrastedagainst theactual upper bound of the 1-sided 97.5% exact binomial confidence
interval. Specifically, if 7 of the 100 patients experience a primary safety event, the upperbound of the
1-sided 97.5% exact binomial confidenceinterval would be 13.89% and below the 14% threshold.

For the primary effectiveness endpoint, the power was estimated for an observed rate between 65% to
80% considering sample sizes from 80 to 100 patients. With a type 1 error rate of 2.5%, 100 patients
would have 82.8% power to reject the null hypothesis if the observed incidence of complete aneurysm
occlusion without parent artery stenosis was 65%. Under the same scenario with 80 patients, the power
would be 83.5% if the observedincidence of complete aneurysm occlusionwithout parent artery stenosis
was 67%. To ensure at least 95% power with 80 and 100 patients, the observed incidence of complete
aneurysm occlusion without parentartery stenosis or retreatment would need to be a minimum of 71%
and 69%, respectively. Requiringa minimum sample size of 100 patients with 95% power translatesinto
aminimum incidence of complete aneurysm occlusion without parent artery stenosis of 69% whichis in-
line with the previous results with the results from previous Pipeline studies.

13.3. Analysis Populations

To ensure adequate representation patient withlarge and giantaneurysms must be enrolled. All primary
and secondary endpointswill be analyzed both onan ITT and PP basis. All summarizations and tabulations
will be conducted onthe ITT population, defined below.

Intent-To-Treat Population: All subjects who were consented and in whom deployment of the Pipeline™
Vantage Device was attempted (i.e., puncture at the arterial access site), independent of the procedure

being completed successfully.

Subject will not be considered part of the ITT population if the puncture at the arterial access site for
deployment of Pipeline™ Vantage Device was not successful.If the puncture at the arterial access site for
deployment of Pipeline™ Vantage Device was successful, the subject will be considered part of the ITT
population. Consented subjects who withdraw consent prior to undergoing the study procedure or are
found not to meet the inclusion/exclusion criteria prior to undergoing the study procedure, will not be
includedinthe ITT population.

The ITT population will be the primary population for all analyses.
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The PP population defined belowwill be used for sensitivityanalyses and to provide outcomes for subjects
with observed data.

Per-Protocol Population: Per-protocol populationis ITT subjects excluding the following subjects:

- Subjects with use of more than 1 treatment device (e.g., coils) other than Pipeline™ Vantage
device duringindexprocedure

- Subjects with failed implantation of study device atindex procedure

- Subjectsassessed as mRS 23 at baseline by independent and certified assessors

13.4. Eligibility of Subjects, Exclusions, and Missing Data

The number and proportion of subjects eligible for and compliant with each follow-up examination will
be presented. Subjects who withdraw from the study will be tabulated with reasons for withdrawal.

Missing data, which in this instance is defined as data that was not entered into the EDC system for
analysis, may have animpact upon the interpretation of the trial data.

The primary presentation of the results for the ITT population will be based on the observed data with
multiple imputation for missing endpoint data using SAS PROC MI. This procedure uses an iterative
modeling approach to generate estimates for patients who withdraw prematurely, incorporating
multivariate imputation by fully conditional specification (FCS) methods. The discriminant function
method will be used for classification variables. Withthe function method of classification, the missing
values will be imputed sequentiallyinthe following order: age, gender, aneurysm diameter and location
(ICA:yesorno). Additional sensitivity analyses will also be conducted using the last observation and the
post-procedure observation carried forward. A tipping point analysis will also be conducted.

Rules for imputing a full date for interventions withincomplete or missing start-dates will be addressed
indetail inthe Statistical Analysis Plan.

13.5. Justification of Pooling

This study will be powered statistically based on the primary efficacy and safety endpoint. To assess
poolability of the data across study sites and other predefined factors that may affect outcome, a
threshold of 0.10 will be used. The testing strategy and exact model for analysis will be included in the
Statistical Analysis Plan (SAP). In summary, a generalized linear model will be used, specifying the
dependentvariable as dichotomousand the distributionas binomial. The exactlocation of the aneurysm
will be included in the class statement, provided each location has 22 patients. Aneurysm size will be
introducedinto the model as a continuous variable. Separately, aneurysm size will be examined around
prespecified thresholds to determine if location is a significant predictor of outcome. If clinical site, or
any predefinedfactorisfoundto be a significant predictor of outcome (p<0.1), the factor will be retained
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inthe model and adjusted confidenceintervals will be derived as a secondary examination of the primary
endpoint.

Small clinical sites (i.e., clinical sites that have less than 4 patients) will be identified and the following
method will be used for combiningthe data. Data from all small clinical sites will be combined toforma
single clinical site in the evaluation of clinical site interaction effects. Once combined, the pooled clinical
site will remain as such for all analyses for which a clinical site interaction effect is determined. If the
pooled smaller clinical sites represent a single clinical site that has more than twice as many patients as
the largest single clinical site, however less than 3 times as many patients, the small clinical sites will be
ranked by size and then by clinical site numberand dividedinto 2 pooled assignmentsusing an alternating
treatmentsequence (ABABAB). If the pooled smallerclinical sites represent a clinical site that has more
than three times as many patients as the largest single clinical site, however less than 4 times as many
patients, the small clinical sites will be ranked by size and divided into 3 pooled assignments using an
alternating treatment sequence (ABCABCABC). This methodology will be applied, based on the initial
pooling of the smaller clinical sites. If the pooling of smaller clinical sites results in a pooled clinical site
that still has lessthan 4 patients, the smallestclinical site that was notincluded in the pooling procedure
will beincluded and the procedure repeated.

13.6. Subgroup Analysis

Sub-group analysis will be performed based on aneurysm location and size. Note that the subgroup
analyses listed here are notindependentlypowered and they are for exploratory purpose only. Statistical
testinganalogous to the above (Section 13.5) will be performed to assess poolability of these subgroups
into the overall study results. The incidence forthe primary efficacy and primary safety endpoints will be
derived and summarized without adjustment for other factors. A secondary examination will be
performed where aneurysm location and aneurysm size will serve as covariatesin an adjusted model. It
is indeterminate if there will be sufficient power to discriminate across these 2 factors, given the
enrollment into the study will not be controlled for either factor. A series of derived estimates will be
generated forthe primary efficacy and safety endpoints retaining aneurysm size and anatomical location
as a secondary examination of the primary endpoint. All factors and method of analysis will be clearly
definedinthe SAP.

13.7. Interim Analysis

No formalinterimanalyses are planned forthe purpose of stopping this trial early for effectiveness.

13.8. Statistical Analysis

All statistical analyses will be done usingthe SAS System software, version 9.4 or later (SAS Institute Inc,,
SAS Campus Drive, Cary, North Carolina 27513, USA).
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13.8.1. Demographics, Clinical Baseline and Procedure Characteristics

Patient demographics, clinical history, risk factors, aneurysm characteristics, procedure characteristics,
and outcome variables will be summarized using descriptive statistics for continuous variables (mean,
standard deviation, number of observations, minimum and maximum) and frequency tables for discrete
variables.

13.8.2. Primary Endpoint Analysis

13.8.2.1. Primary Effectiveness Endpoint

The pre-specified threshold of 50% for effectiveness endpointis based on the effectiveness threshold of
the recent PREMIER study with the Pipeline™ Device. This threshold must be exceeded at a certain
magnitude to reject the null hypothesis and merely serves a statistical boundary foranalysis. If the upper
bound of the 1-sided 97.5% exact binomial confidence interval is >50%, the primary effectiveness
endpointwillhave been met.

To ensure at least 95% power with 80 and 100 patients, the observed incidence of complete aneurysm
occlusion without parent artery stenosis or retreatment would need to be a minimum of 71% and 69%,
respectively. Requiringa minimumsamplesize of 100 patients with 95% power translatesinto a minimum
incidence of complete aneurysm occlusion without parent artery stenosis of 69% which is relatively in-
line with the previous results with the results from previous Pipeline studies.

The primary effectivenessendpointis the incidence of complete aneurysmocclusion (Raymond Roy Scale
Class 1) withoutsignificant parentartery stenosis (<50%) or retreatment of the target aneurysm at 1-year
post-procedure. The incidence will be summarized using counts and percentages; the 1-sided upper
bound of the 97.5% confidence limitforthe incidence will be evaluated relativeto the a priori threshold
of 50%. The hypothesis for evaluating the primary effectiveness endpointis stated below:

H,: Incidence at 1-year post-procedure of completeaneurysm occlusion without retreatment or
significant parent artery stenosis is <50.0%

H.: Incidence at 1-year post-procedure of complete aneurysm occlusion without retreatment or
significant parent artery stenosis is >50.0%

If the upper bound of the 1-sided 97.5% exact binomial confidence interval is >50%, the primary
effectiveness endpoint will have been met.

All eligible patients willundergo follow-up at 12 months.

13.8.2.2. Primary Safety Endpoint

The primary safety endpointis 1-year incidence of major stroke in the territory supplied by the treated
artery or neurologicaldeath. The incidence will be summarized usingcounts and percentages; the 1-sided
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upperbound of the 97.5% confidence limit for theincidence will be evaluatedrelative to the a priori safety
threshold of 14%. Given the primary safety endpoint reported in PMA P100018 was 5.6%, an incidence of
<7% for the primary safety endpoint would be considered clinically acceptable within the confinesof a
study of this general size. The hypothesis for evaluating the primary safety endpoint will be evaluated
accordingto the following 2 requirements:

Requirement 1: The incidence of primary safety events must be <7%, and

Requirement 2: The null hypothesis must be rejected in favor of the alternative:
H,: Incidence at 1-year post-procedure of majorstroke and/or neurological death is >14.0%
H.: Incidence at 1-year post-procedure of major stroke and/or neurological death is <14.0%

If the incidence of primary safety eventsis <7% and the upperbound of the 1-sided 97.5% exact binomial
confidence interval is <14%, the primary safety endpoint will have been met.

All eligible patients willundergo follow-up at 12 months.

13.8.3. Secondary Endpoint Analysis

All the secondary endpoints will be summarized using frequency tables presenting counts and
percentages; no statistical testing will be performed against any preset thresholds for the secondary
endpoints. The secondary endpointsinclude the following:

The following will be assessed for the effectiveness outcome measures:

1. Incidence of successful deviceimplantation at the targetsite

2. Incidence of complete aneurysm occlusion (Raymond Roy Class 1) at 1- and 3-years post-
procedure

3. Incidence of targetaneurysmrecurrence at 1- and 3-years post-procedure

The following will be assessed for the secondary safety endpoints:

1. Incidence of majorstroke inthe territory supplied by the treated artery or neurological death at
2- and 3-years post-procedure

2. Incidence of majorstroke inthe territory supplied by the treated artery or neurological death at
30 days post-procedure

3. Incidence of delayed intraparenchymal hemorrhage >30 days post-procedure through 1-year
post-procedure
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4. Incidence of subjects with disabling strokes that have amRS decline to a score of 3 or more (mRS
> 3) dueto a stroke-related cause assessed at a minimum of 90 days post-stroke eventat1 year,
2 year, and 3 year post-procedure

13.8.4. Adverse Events

Adverse events will be coded according to the Medical Dictionary for Regulatory Activity (MedDRA)
systemdictionary.

CEC adjudicated data Tables to summarize the incidence rates will be created for each of the following
groups: (At1 year, 1- 2 years, and 2- 3 years)

e Adverse events (non-Serious) related to intervention (Procedure, anti-platelet therapy (APT)),
Causal, Probable

e Seriousadverse events related to Intervention (Procedure, APT)- Causal, Probable
e Adverse deviceeffects (Non-SAE Related to Study Device- causal, probable)

e Seriousadverse device effects (SAE Related to Study Device-causal, probable)

e Unanticipatedserious adverse device effects (USADE)/UADE

e Adverse events by severity (Mild, Moderate and Severe) related to Device, Procedure or APT
(causal, probable)
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14. Ethics

14.1. Statement(s) of Compliance

This clinical study will be conducted in compliance with 21 CFR 812, Canada Medical Device Regulations
1998 (SOR/98-282), the latest version of the Declaration of Helsinki, laws and regional or national
regulations of the countries in which the clinical study is conducted, including but not limited to local good
clinical practice, data protection laws, the Clinical Investigation Agreement and the Clinical Investigation
Plan.

All principles of the Declaration of Helsinki will be implemented in this clinical study by means of the
informed consent process, IRB/REB approval, study training, clinical trial registration, pre-clinical testing,
risk-benefitassessment, publication policy, etc.

The Sponsorwill avoidimproperinfluence on, orinducement of the subject, monitor, and Investigator(s)
or other parties participating in, or contributing to, the clinical study by implementing the informed
consent process, Clinical Investigation Agreements, or IRB/REB approval.

14.2. Institutional Review Boards/Research Ethics Board

The Sponsor and/or Investigator must submit this clinical protocol, subject Informed Consent Form and
Investigator’s Brochure to the appropriate Institutional Review Board (IRB)/Research Ethics Board (REB)
and isrequiredtoforwardto the Sponsora copy of the written and dated approval.

The study (study number, clinical protocol title, and version), documents reviewed (e.g. clinical protocol,
ICF, etc.) and the date of the review shouldbe clearlystated on the written IRB/REB approval. In addition,
the approval letter needs to be accompanied by an IRB/REB roster, letter of compliance, or other
documentation to allow verification that the Investigator, other investigation site personnel, and/or
Sponsor personnel are not members of the IRB/REB. If they are members of the IRB/REB, written
documentationisrequired stating that he/she did not participatein the approval process.

The study will not start at a clinical site and subjects will not be enrolled until a copy of written and dated
IRB/REB approval hasbeen received by the Sponsor.

Any amendment or modification to the clinical protocol must be sentto the IRB/REB. The IRB/REB must
alsobe informed of any eventlikely to affect the safety of subjects orthe conduct of the study.

If the IRB/REBimposes any additional requirements (e.g. safety reports, progressreports etc.), this will be
followed, if appropriate. The Sponsor will prepare the required documents and send them to the
Investigatorforreporting to the IRB/REB. Investigators mustinform the Sponsor of any change in status
of the IRB/REB approval. If any action is taken by an IRB/REB with respect to the investigation, that
information will be forwarded to the Sponsor by the respective Investigator.

Medtronic Controlled Information
This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 116 of 144

The Informed Consent Form used by the Investigator for obtaining the subjects informed consent must
be reviewed and approved by the Sponsor priorto submission to the appropriate IRB/REBforapproval.
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15. Study Administration

15.1. Steering Committee

A Steering Committee will overseethe conduct and scientificaspects of the study. A Steering Committee
comprised of 1 chair and 4 study investigators knowledgeable in the appropriate disciplines and medical
specialties pertinent to the disease state being evaluated in this clinical study will be responsible for
providing expert medical guidance inthe followingroles:

e Advisingonthe study design and scientificvalue of data collection
e Monitoringthe overall conductand progress of the study
e Providingguidance toclinical sites
15.2. Clinical Site Selection
The ADVANCE IDE will be conducted at up to 30 sites, includingup to 25sitesin U.S. and up to 5 sites OUS.

The Sponsororrepresentative of the Sponsor willassesseach potential clinical site to ensure the Principal
Investigator and his/her staff has the facilities and expertise required for the study. Clinical sites will be
selected based upon a clinical site assessment, appropriate facilities, and the qualifications of the
Investigator(s). Individual Investigators will be evaluated by the Sponsor based on experience with the
intended procedure(s) and ability to conduct the study according to the clinical protocol.

To participate, aclinical site must have the following:
e Previousexperiencewith clinical research
e Commitmentfromtheinvestigatortoenroll only subjects meeting the study criteria
e A study coordinatoror study team memberwho can enterdataand respondto queries
e Willingnesstoadhere toall relevant Core Laboratory requirements
e Willingness to perform necessary documentation (e.g., eCRF)
e Willingnesstosignandadhere to the Investigator Statement
o Willingness to participate ininvestigator meetings as scheduled by Medtronic

e Willingness to provide full access to subject electronic medical records, or to provide complete,
certified copies of subject records forthe duration of the subject’s study participation
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Medtronic will maintain an updated list of principal investigators, investigation sites and associated
IRBs/REBs, institutions and theirscope of duties in the Trial Master File.

15.3. Monitoring

Medtronic, as the Sponsor, will be responsible for ensuring that adequate monitoring at each clinical site
is completed to ensure protection of the rights of subjects, the safety of subjects, and the quality and
integrity of the data collected and submitted in compliance with applicable regulations. Appropriately
gualified and trained personnel appointed by the Sponsor will conduct monitoring at each clinical site at
the start, duringand at the closure of the clinical study perthe Medtronic Standard Operating Procedures
(SOPs) and the Clinical Monitoring Plan. Monitors for the clinical study will consist of Sponsor clinical staff
and/or qualified contract services (e.g., CRO) appointed by the Sponsor. The primary contact for the
clinical study will be the Clinical Study Managerand monitoring (Referto the contact list).

Study Monitors will conduct clinical site visits to ensure accuracy of data, timeliness of data submissions,
adequate subject enroliment, investigational device accountability, compliance with applicable laws and
regulations, compliance with the clinical protocol, compliance with the signed investigator agreement,
and compliance with IRB/REB conditions and guidelines. Any non-compliance with these items thatis not
adequately addressed by the Principal Investigator/site staff is cause for the Sponsor to put the
Investigator/site staff on probation or withdraw the Investigator/site staff from the study. Frequency of
monitoring will be based upon enrollment, study duration, compliance, and any suspected inconsistency
in data that requiresinvestigation.

All subject treatment, follow-up visits and phone conversations/interviews will be fully documented either
on the source document or in the subject’s medical records. Information entered into the eCRFs will be
verified against the source documents and subject’s medical records according to the monitoring plan.
Additionalsubject medical record review may be required for AE adjudication. Source documents may be
photocopied if required. The study Monitor willalso check the Investigator Site File (ISF)to ensure that all
study-related documents are current.

Medtronicrepresentatives ortheiragents may be presentduring the endovascular procedure.

15.3.1. Direct Access to Source Data/Documents

By participating in this research study, the Investigator agrees to permit monitoring and auditing by the
Sponsor and/or its designee(s) and inspection by applicable regulatory authorities. The Investigator also
agreesto allow the Sponsors CRAs/monitors/auditors/FDA investigators to have directaccess to his/her
original research-relatedstudy records (e.g. complete medical records, source documentation, and billing
information) for review. The Principal Investigator(s), his/her delegate(s) and the study coordinator(s)
shall be accessible to Sponsor field personnel and the Clinical Study Manager. This accessibility is of
particularimportance for reviewing datain the eCRFs.
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15.3.2. Clinical Site Training

Each clinical site will be trained to the investigational plan and any updatesif applicable. Investigator/site
personnel will undergo training priorto performing any study-related procedures (e.g., ata Site Initiation
Visit or training meeting). Alltraining must be documented. Existing clinical site personnel who have been
delegated new tasks and new clinical site personnel will undergo training to the investigational plan, as
appropriate. Training for Investigators and their site team is dependent on their delegated task(s) per
Delegation Task List (DTL) Log. Investigators and their site team are to be trained to perform their
delegated responsibilities priorto performing study-specificduties.

15.3.3. Monitoring Reports

After each monitoring visit, the monitor will send to the Principal Investigator an e-mail or letter
summarizing the monitoring visit. Amonitoring report willbe sentto the Sponsor. The report will include
the date of the monitoring visit, the clinical site name, the name of the monitor, the name of the
Investigator, the names of other individuals present for the monitoring visit, items reviewed during the
visit, findings, and any required follow-up. The Principal Investigator will be responsible for ensuring that
follow-up action items requiring resolution at the clinical site are completed in an accurate and timely
manner.

15.3.4. Close-Out Visit

Final close-outvisits atthe clinical sites willbe conducted atthe end of the study. The purpose of the final
visitis to collect all outstanding study data documents, ensure that the Principal Investigator’s files are
accurate and complete, reviewrecord retention requirements with the Principal Investigator, make afinal
accounting of all study supplies shipped to the Investigator/site, provide for appropriate disposition of
any remaining supplies, and ensure thatall applicable requirements are met for the study.

15.4. Data Management

Every effortwill be made to ensure the accuracy and reliability of dataincluding the selection of qualified
Investigators and appropriate study centers, review of clinical protocol procedures with the Investigator
and associated personnel before the study commences, and periodic onsite monitoring visits by the
Sponsor as deemed appropriate by the Sponsor. Guidance for eCRF completion will be provided and
reviewed with the study personnel prior to the start of the study. The Sponsor will review eCRFs for
accuracy and completenessand any discrepancies will be resolved with the Investigator or designee, as
appropriate.

The Investigator must ensure accuracy, completeness and timeliness of the data reported in the eCRFs
and in all other required reports. Datareported on the eCRFs which are derived from source documents
must be consistent with the source documents and discrepancies need to be justified in a documented
rationale, signed and dated by the Investigator, and filed in the subject medical file.
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Only authorized persons can complete eCRFs. eCRFs shall be signed by Investigators as specified on the
delegationlogincludedinthe ISF.

The EDC system maintains an audit trail on entries, changes or correctionsin the eCRFs. If a personis only
authorized to complete eCRFsorto make changesto analready signed eCRF, the Investigator shall re-sign
this eCRF.

15.4.1. Data Quality Assurance

ORACLE Clinical Remote Data Capture (OC/RDC) is the EDC system that will be deployed to support data
collectionforthis study. Documentation pertinentto the use of the EDCsystem will be made available for
use by appropriate clinical site personnel. All individuals who will be expected to use the EDC system will
be given adequate training necessary to perform their assigned tasks as described in (21 CFR 11.10(i)).
Training will be conducted by qualified individuals initially and on a continuing basis, as needed.

15.4.2. Data Handling

The Sponsorisresponsible for compilation and verification of the study data, retention ofthe clinical study
database, performance of statistical analyses, and preparation of the study reports. The Sponsor will
ensure that the performance of Data Management activities occur in accordance with the study Data
ManagementPlan.

15.4.3. Data Ownership

Rights, duties, and obligationsregarding ownership of any ideas, concepts, inventions, or results, whether
patentable or not, shall be in accordance with the terms and conditions set forth in the Clinical Study
Agreement by and between the Institution and Sponsor. Unless otherwise expressly set forth in the
Clinical Study Agreement, the Sponsor retains exclusive ownership of all data, results, reports, findings,
discoveries and any other information collected during this study. The Sponsor reserves the right to use
the data from the database in the presentstudy.

15.5. Compliance

15.5.1. Sponsor Compliance

The Sponsor is responsible forimplementing and maintaining quality assurance and a quality control
system to ensure that the data generated are recorded and reported in accordance with established
procedures. The study will be organized, performed, and reported incompliance withthis research clinical
protocol, SOPs, applicable regulations and recognized standards and any additional requirements
imposed by the IRB/REB or regulatory authority.
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The Sponsor is responsible for obtaining and maintaining appropriate insurance policies for the clinical
study.

The Sponsor will secure an agreement with all parties to allow direct access to all study-related clinical
sites, source documents, and reports for the purpose of monitoring and auditing by the Sponsor and/or
its designee(s) and inspection by regulatory agencies.

The Sponsor will apply quality control measures to all stages of data collection and handling to ensure
reliability and accuracy. In addition, the Sponsorwill confirm that the dataare processed correctly.

Data from eCRFs and other external data(i.e., core laboratory data) willbe entered into a clinical database
as specified inthe datamanagement plan.

The clinical database will be reviewed and checked for omissions, apparent errors, and values requiring
further clarification in accordance with the Data Management Plan. Data queries requiring clarification
will be documented and returned to the clinical site forresolution. Only authorized personnel will make
corrections to the clinical database, and all corrections willbe documented in an audit trail.

15.5.2. Investigator Compliance

The Principal Investigator assumes full responsibility for performance of the research study in accordance
with the Clinical Study Agreement, this clinical protocol, GCP, all regulatory requirements applicable to
the jurisdictionsin which the study is being conducted, and any additional requirements imposed by the
IRB/REB. The Principal Investigator shall be responsible for the day-to-day conduct of the clinical
investigation as well as for the safety and well-being of the human subjects involved in the clinical
investigation.

15.5.3. Onsite Audits

Representatives of the Sponsor may visit the clinical site(s) to conduct an audit of the study in compliance
with regulatory guidelines and company policy. The purpose of an audit is to verify the adequate
performance of the clinical study-related activities, independent of the employeesinvolved in the clinical
study.

Similarauditing procedures may also be conducted by agents of any regulatory body reviewing the results
of the study in support of a regulatory submission. The Investigator and/or institution shall permit the
Sponsorand regulatory bodies (e.g., FDA) direct access to source dataand documents, taking into account
any restrictions due to local law, to performclinical study-related monitoring, audits, IRB/REB review, and
regulatory inspections.

The Investigator should immediately notify the Sponsor if he/she has been contacted by a regulatory
agency or IRB/REB concerning an upcominginspection.
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15.6. Confidentiality

The Investigator and his/her study staff shall consider all information, results, discoveries; records
accumulated, acquired,ordeducedinthe course of the study, otherthan thatinformation to be disclosed
by law, as confidential and shall not disclose any such results, discoveries, records to any third party
withoutthe Sponsor’s prior written consent.

IRB/REB members have the same obligation of confidentiality.

Protected Health Information of study subjects will be kept as confidential as possiblein accordance with
the Health Insurance Portability and Accountability Act of 1996 (HIPAA) and any other data privacy laws
as applicable.

15.7. Liability

The Sponsor is responsible for obtaining and maintaining appropriate insurance policies for the clinical
study.

15.8. CIP Amendments

Duringthe course of the study, anamendment to the clinical protocol may be necessary.Onlythe Sponsor
isallowed to amend this clinical protocol.

The Sponsor will submit any significant amendment to the Clinical Investigation Plan, including a
justification for this amendment, to the appropriate regulatory authorities and to the Investigators to
obtain approval fromtheir IRB/REB. The Investigator will only implement the amendment afterapproval
of the IRB/REB and regulatory authority, unless the modifications increase subject safety. Administrative
amendmentsto the Clinical Investigation Plan will be submitted to the regulatory authorities and IRB/REB
for notification. Furthermore, Investigators shall sign any approved amendment for agreement. The
clinical sites will receive the following fortheir regulatory file, and if applicable, IRB/REB submission:

e Anupdatedclinical protocol
e Changesto ICFtemplate (if necessary)

15.9. Record Retention

The Investigator shallmaintain all study documentationin his/her possessionand/or control and institute
measures to prevent accidental or premature destruction of any data and/or documents related to the
study.

The Investigator shall retain study documentation (the ISF, subject medical filesand eCRFs) in accordance
with local law and regulations during the study and for a minimum period of two (2) years (or longer if
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local laws require) after the latter of the following two dates: The date on which the investigation is
terminated or completed, orthe date that the records are no longerrequired for purposes of supporting
a premarketapproval application oranotice of completion of a product development protocol.

e The Sponsor will maintain all study documentation in its possession and/or contact and institute
measures to prevent accidental or premature destruction of any data and/or documents related to
the research study.

e The Sponsorshall retain the studydocumentation in accordance withlocal law and regulations during
the study and for a minimum periodof two (2) years (orlonger if local laws require) after the latter of
the following two dates: The date on which the investigationis terminated or completed, or the date
that the records are no longerrequired for purposes of supporting a premarket approval application
or a notice of completion of a product development protocol.

15.10. Publication and Use of Information

The Sponsorintendsto publish the results of this multi-center study. Individual Investigators are therefore
asked torefrainfrom reportingresults from their study participants prior to publication of the main multi-
centerreport. A PublicationCommittee willbe formed and will be responsible for generating a Publication
Plan. The Publication Plan will establish authorship criteriafor publications forthe study group based on
the study conduct and compliance, contribution to the study design, management or enrollment, and
willingness to accept the rights and responsibilities of an author.

The Sponsorwill enterthe studyintoa publicclinical trials repository such as ClinicalTrials.gov.

Participating subjects will not be identified by name in any published reports about the clinical study.

15.11. Suspension or Early Termination

If the study is terminated prematurely or suspended (e.g. if information becomes available that the risk
tostudy subjectis higherthaninitially indicated), the Sponsor will promptlyinform all clinical Investigators
of the termination or suspension and the reason(s) for this. The Investigator shall then promptly inform
the reviewing IRB/REB and providethe reasons(s) for the termination. If applicable, regulatory authorities
will be informed. Enrolled subjects will be askedto completeall remaining study visitsand the subject will
then be seen by the treating physician according to standard of care following intracranial aneurysm
treatment.

The Sponsor, IRB/REB or Regulatory Authority may decide to suspend or prematurely terminate an
investigation site (e.g. in case of expiring approval of the reviewing IRB/REB, non-compliance to the
Clinical Investigation Plan or lack of enrollment). If an investigation site is suspended or prematurely
terminated, the Sponsor shall promptly inform the Investigator(s) of the termination or suspension and
the reason(s). The Investigatorshall then promptly inform the reviewing IRB/REB.

Medtronic Controlled Information
This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template




ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 124 of 144

16. References

1

10.

11

12.

13.

14.

15.

16.

Roy D, Milot G, Raymond J. Endovascular treatment of unruptured aneurysms. Stroke; a joumal
of cerebral circulation. 2001;32(9):1998-2004.

Etminan N, Rinkel GJ. Unrupturedintracranial aneurysms: development, rupture and preventive
management. Nature Reviews Neurology. 2016;12(12):699-713.

Juvela S. Prevalence of and risk factors for intracranial aneurysms. The Lancet Neurology.
2011;10(7):595-597.

Vernooij MW, lkram MA, Tanghe HL, et al. Incidental findings on brain MRI in the general
population. New England Journal of Medicine. 2007;357(18):1821-1828.

Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured intracranial aneurysms,
with emphasis onsex, age, comorbidity, country,and time period: asystematicreviewand meta-
analysis. The Lancet Neurology. 2011;10(7):626-636.

Wang F, Chen X, Wang Y, et al. Stent-assisted coiling and balloon-assisted coiling in the
management of intracranial aneurysms: A systematic review & meta-analysis. Journal of the
neurological sciences. 2016;364:160-166.

Pierot L, Biondi A. Endovascular techniques for the management of wide-neck intracranial
bifurcation aneurysms: A critical review of the literature. J Neuroradiol. 2016.

Kabbasch C, Mpotsaris A, Reiner M, Liebig T. WEB as part of a multimodality treatment in complex,
large, and partially thrombosed intracranial aneurysms: a single-center observational study of
technical success, safety, and recurrence.J Neurointerv Surg. 2016.

Bavinzski G, Killer M, Gruber A, Reinprecht A, Gross CE, Richling B. Treatment of basilar artery
bifurcation aneurysms by using Guglielmi detachable coils: a 6-year experience. Journal of
neurosurgery. 1999;90(5):843-852.

Zuccarello M. Treatment strategy for patients with unruptured intracranial aneurysmes.
Neurologia medico-chirurgica. 2001;41(12):571-575.

Broderick JP, Brott TG, DuldnerJE, Tomsick T, Leach A. Initial and recurrent bleedingare the major
causes of death following subarachnoid hemorrhage. Stroke; a journal of cerebral circulation.
1994;25(7):1342-1347.

IshiharaH, Tateshimas, Jahan R, Gonzalez N, DuckwilerG, Vinuela F. Endovascular treatment of
ruptured dissecting aneurysms of the posteriorinferior cerebellar artery. J Neurointerv Surg.
2013;5(6):557-561.

Wermer MJ, van der Schaaf IC, Algra A, Rinkel GJ. Risk of rupture of unruptured intracranial
aneurysmsin relation to patientand aneurysmcharacteristics: an updated meta-analysis. Stroke;
a journalof cerebral circulation. 2007;38(4):1404-1410.

Wiebers DO, WhisnantJP,HustonJ, 3rd, etal. Unruptured intracranial aneurysms: natural history,
clinical outcome, andrisks of surgical and endovascular treatment. Lancet. 2003;362(9378):103-
110.

Asari S, Ohmoto T. Natural history and risk factors of unruptured cerebral aneurysms. Clin Neurol
Neurosurg. 1993;95(3):205-214.

Rohde S, Lahmann K, BeckJ, etal. Fourieranalysis of intracranialaneurysms: towardsan objective
and quantitative evaluation of the shape of aneurysms. Neuroradiology. 2005;47(2):121-126.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 125 of 144

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Inoue T, Shimizu H, Fujimura M, Saito A, TominagaT. Annual rupture risk of growing unruptured
cerebral aneurysms detected by magnetic resonance angiography. Journal of neurosurgery.
2012;117(1):20-25.

Juvelas, PoussaK, Porras M. Factors affecting formation and growth of intracranial aneurysms: a
long-term follow-up study. Stroke; a journal of cerebral circulation. 2001;32(2):485-491.

Mehan WA, Jr., Romero JM, Hirsch JA, et al. Unruptured intracranial aneurysms conservatively
followed withserial CTangiography: couldmorphology and growth predict rupture? J Neurointerv
Surg. 2014;6(10):761-766.

VillablancaJP, Duckwiler GR, Jahan R, et al. Natural history of asymptomatic unruptured cerebral
aneurysms evaluated at CT angiography: growth and rupture incidence and correlation with
epidemiologicrisk factors. Radiology. 2013;269(1):258-265.

Etminan N, Beseoglu K, Barrow DL, et al. Multidisciplinary consensus on assessment of unruptured
intracranial aneurysms: proposal of aninternational research group. Stroke; a journal of cerebral
circulation. 2014;45(5):1523-1530.

Johnston SC, Higashida RT, Barrow DL, et al. Recommendations for the endovascular treatment
of intracranial aneurysms: a statement for healthcare professionals from the Committee on
Cerebrovascular Imaging of the American Heart Association Council on Cardiovascular Radiology.
Stroke; a journal of cerebral circulation. 2002;33(10):2536-2544.

Lanzino G, Murad MH, d'Urso PI, Rabinstein AA. Coil embolization versus clipping for ruptured
intracranial aneurysms: a meta-analysis of prospective controlled published studies. AJINR Am J
Neuroradiol. 2013;34(9):1764-1768.

Raaymakers TW, Rinkel GJ, Limburg M, Algra A. Mortality and morbidity of surgery for unruptured
intracranial aneurysms: a meta-analysis. Stroke; a journal of cerebral circulation. 1998;29(8):1531-
1538.

Vanninen R, Koivisto T, Saari T, HernesniemiJ, Vapalahti M. Ruptured intracranial aneurysmes:
acute endovascular treatment with electrolytically detachable coils--a prospective randomized
study. Radiology. 1999;211(2):325-336.

McDougall CG, Spetzler RF, ZabramskiJM, et al. The Barrow Ruptured Aneurysm Trial. Journal of
neurosurgery. 2012;116(1):135-144.

Molyneux A, Kerr R, International Subarachnoid Aneurysm Trial Collaborative G, et al.
International Subarachnoid Aneurysm Trial (ISAT) of neurosurgical clipping versus endovascular
coilingin 2143 patients with ruptured intracranial aneurysms: arandomizedtrial.Journal of stroke
and cerebrovascular diseases : the official journal of National Stroke Association. 2002;11(6):304-
314.

Kadkhodayan Y, Rhodes N, Blackburn S, Derdeyn CP, Cross DT, 3rd, Moran CJ. Comparison of
Enterprise with Neuroform stent-assisted coiling of intracranialaneurysms. AJR American joumal
of roentgenology. 2013;200(4):872-878.

Gory B, Turjman F. Endovascular treatment of 404 intracranial aneurysms treated with nexus
detachable coils: short-term and mid-term results from a prospective, consecutive, European
multicenterstudy. Acta neurochirurgica. 2014;156(5):831-837.

Maldonado IL, Machi P, Costalat V, Mura T, Bonafe A. Neuroform stent-assisted coiling of
unruptured intracranial aneurysms: short- and midterm results from a single-center experience
with 68 patients. AINRAmJ Neuroradiol. 2011;32(1):131-136.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 126 of 144

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

ChalouhiN, Jabbour P, Singhal S, et al. Stent-assisted coiling of intracranial aneurysms: predictors
of complications, recanalization, and outcome in 508 cases. Stroke; a journal of cerebral
circulation. 2013;44(5):1348-1353.

Chalouhi N, Starke RM, Koltz MT, et al. Stent-assisted coiling versus balloon remodeling of wide-
neck aneurysms: comparison of angiographic outcomes. AJNR Am J Neuroradiol
2013;34(10):1987-1992.

Zanaty M, Chalouhi N, Starke RM, et al. Flow diversion versus conventional treatment for carotid
cavernous aneurysms. Stroke; a journal of cerebral circulation. 2014;45(9):2656-2661.

Nishido H, Piotin M, Bartolini B, Pistocchi S, Redjem H, Blanc R. Analysis of complications and
recurrences of aneurysm coiling with special emphasis on the stent-assisted technique. AJINR Am
J Neuroradiol. 2014;35(2):339-344.

Shapiro M, Becske T, Sahlein D, Babb J, Nelson PK. Stent-supported aneurysm coiling: a literature
survey of treatmentand follow-up. AJINRAm J Neuroradiol. 2012;33(1):159-163.

GruberA, Killer M, BavinzskiG, Richling B. Clinical and angiographic results of endosaccular coiling
treatment of giant and very large intracranial aneurysms: a 7-year, single-center experience.
Neurosurgery. 1999;45(4):793.

Murayama Y, Nien YL, Duckwiler G, et al. Guglielmi detachable coil embolization of cerebral
aneurysms: 11 years' experience. Journalof neurosurgery. 2003;98(5):959-966.

Raymond J, Guilbert F, Weill A, et al. Long-term angiographic recurrences after selective
endovascular treatment of aneurysms with detachable coils. Stroke; a journal of cerebral
circulation. 2003;34(6):1398-1403.

Van Rooij W, Sluzewski M. Procedural morbidity and mortality of elective coil treatment of
unruptured intracranial aneurysms. American Journalof Neuroradiology. 2006;27(8):1678-1680.
Van Rooij W, Sluzewski M. Coiling of very large and giant basilartip aneurysms: midterm clinical
and angiographicresults. American Journal of Neuroradiology. 2007;28(7):1405-1408.

Jahromi BS, Mocco J, Bang JA, et al. Clinical and angiographic outcome after endovascular
management of giantintracranial aneurysms. Neurosurgery. 2008;63(4):662-675.

Kwon WH, Jeong HW, Kim ST, Seo JH. Angiographicand clinical result of endovascular treatment
in paraclinoid aneurysms. Neurointervention. 2014;9(2):83-88.

Lee S, Gong T-S, Lee Y-W, Kim H-J, Kweon C-y. Results of Endovascular Coil Embolization
Treatmentfor Small (£5mm) Unruptured Intracranial Aneurysms. Journal of Cerebrovascular and
Endovascular Neurosurgery. 2016;18(3):229-233.

Lee S-Y, Chae K-S, Rho S-J, Choi H-K, Park H-S, Ghang C-G. Clinical and angiographicoutcomes of
wide-necked aneurysms treated with the solitaire AB stent. Journal of cerebrovascular and
endovascularneurosurgery. 2013;15(3):158-163.

Manabe H, TakemuraA, HasegawaS, Nagahata M, IslamS. The Choice of Treatment Method for
Unruptured Cerebral Aneurysm: Investigation from Clinical Outcome, Angiographical Result,
Duration of Hospital Stay, and Cost for Treatment. Interventional Neuroradiology.
2004;10(1_suppl):143-146.

QOishi H, Yamamoto M, Shimizu T, Yoshida K, Arai H. Endovascular therapy of 500 small
asymptomatic unruptured intracranial aneurysms. American Journal of Neuroradiology.
2012;33(5):958-964.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 127 of 144

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Yuan J-L, Bao X, Zhang W, Shi Q-Q, Liu X-B. Endovascular treatment for unruptured small wide-
necked ophthalmic segment aneurysms: technique feasibility, efficacy and mid-term follow-up.
Neurology India. 2013;61(6):593.

Murayama Y, Nien YL, Duckwiler G, et al. Guglielmi detachable coil embolization of cerebral
aneurysms: 11 years' experience.Journalof neurosurgery. 2003;98(5):959-966.

Kan P, Siddiqui AH, Veznedaroglu E, et al. Early Postmarket Results After Treatment of Intracranial
Aneurysms With the Pipeline Embolization Device: A US Multicenter Experience. Neurosurgery.
2012;71(6):1080-1088 1010.1227/NEU.1080b1013e31827060d318270609.

Lylyk P, Miranda C, CerattoR, et al. Curative endovascularreconstruction of cerebral aneurysms
with the pipeline embolization device: the Buenos Aires experience. Neurosurgery.
2009;64(4):632-642; discussion 642-633; quiz N636.

McAuliffe W, Wenderoth JD. Immediate and midterm results following treatment of recently
ruptured intracranial aneurysms with the Pipeline embolization device. AJINR Am J Neuroradiol.
2012;33(3):487-493.

O'Kelly CJ, SpearsJ, Chow M, et al. Canadian experience with the pipeline embolizationdevice for
repair of unruptured intracranial aneurysms. American Journal of Neuroradiology.
2013;34(2):381-387.

Chitale R, Gonzalez LF, Randazzo C, et al. Single center experience with pipeline stent: feasibility,
technique, and complications. Neurosurgery. 2012;71(3):679-691; discussion 691.

Nelson PK, Lylyk P, Szikora |, Wetzel SG, Wanke |, FiorellaD. The pipeline embolization device for
the intracranial treatment of aneurysmstrial. AINRAmJ Neuroradiol. 2011;32(1):34-40.

Szikora |, Berentei Z, Kulcsar Z, et al. Treatment of intracranial aneurysms by functional
reconstruction of the parent artery: the Budapest experience with the pipeline embolization
device. AJNRAmJ Neuroradiol. 2010;31(6):1139-1147.

Kars HZ, Gurelik M. Clipping of large and giant aneurysms of anterior circulation. Turk Neurosurg.
2011;21(1):53-58.

Duckworth EA, Nickele C, Hoit D, Belayev A, Moran CJ, Arthur AS. The first North American use of
the Pipeline Flexflow diverter.J Neurointerv Surg. 2016;8(2):e8.

Pereira VM, Kelly M, Vega P, et al. New Pipeline Flex device: initial experience and technical
nuances.J Neurointerv Surg. 2014.

Le EJ, MillerT, SerulleY, Shivashankar R, Jindal G, Gandhi D. Use of Pipeline Flexis associated with
reduced fluoroscopy time, procedure time, and technical failure compared with the first-
generation Pipelineembolization device. J Neurointerv Surg. 2016.

Martinez-Galdamez M, Gil A, Caniego JL, et al. Preliminary experience with the Pipeline Flex
Embolization Device: technical note.J Neurointerv Surg. 2014.

Martinez-Galdamez M, Perez S, Vega A, et al. Endovascular treatment of intracranial aneurysms
usingthe Pipeline Flexembolization device: a case seriesof 30consecutive patients.J Neurointerv
Surg. 2015.

Colby GP, Lin LM, Caplan JM, et al. Immediate procedural outcomes in 44 consecutive Pipeline
Flex cases: the first North American single-center series. J Neurointerv Surg. 2015.

KrishnaC, Sonig A, Natarajan SK, Siddiqui AH. The expanding realmof endovascular neurosurgery:
flow diversion for cerebral aneurysm management. Methodist DeBakey cardiovascular joumal.
2014;10(4):214-219.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 128 of 144

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

Wong GK, Kwan MC, Ng RY, Yu SC, Poon WS. Flow diverters for treatment of intracranial
aneurysms: current status and ongoing clinical trials. Journal of clinical neuroscience : official
journalofthe Neurosurgical Society of Australasia. 2011;18(6):737-740.

Girdhar G, Li J, Kostousov L, Wainwright J, Chandler WL. In-vitro thrombogenicity assessment of
flow diversion and aneurysm bridging devices. Journal of thrombosis and thrombolysk.
2015;40(4):437-443.

Hagen MW, Girdhar G, Wainwright J, Hinds MT. Thrombogenicity of flow diverters in an ex vivo
shunt model: effect of phosphorylcholine surface modification. Journal of neurointerventional
surgery. 2017;9(10):1006-1011.

Girdhar G, Ubl S, Jahanbekam R, et al. Thrombogenicity assessment of Pipeline, Pipeline Shield,
Derivo and P64 flow diverters in an in vitro pulsatile flow human blood loop model.
eNeurologicalSci. 2019;14:77-84.

Girdhar G, Andersen A, Pangerl E, et al. Thrombogenicity assessment of Pipeline Flex, Pipeline
Shield, and FRED flow divertersinanin vitro human blood physiological flowloop model. Joumal
of biomedical materials research Part A. 2018;106(12):3195-3202.

Lewis AL, Stratford PW. Phosphorylcholine-coated stents. Journal of long-term effects of medical
implants. 2002;12(4):231-250.

Lewis AL, CummingZL, Goreish HH, Kirkwood LC, Tolhurst LA, Stratford PW. Crosslinkable coatings
from phosphorylcholine-based polymers. Biomaterials. 2001;22(2):99-111.

Whelan DM, van der Giessen WJ, Krabbendam SC, et al. Biocompatibility of phosphorylcholine
coated stentsin normal porcine coronary arteries. Heart. 2000;83(3):338-345.

Kuiper KK, Robinson KA, Chronos NA, CuiJ, PalmerSJ, NordrehaugJE. Phosphorylcholine-coated
metallicstentsinrabbitiliacand porcine coronary arteries. Scandinavian cardiovascular journal :
SCJ. 1998;32(5):261-268.

Chen C, Lumsden AB, Ofenloch JC, et al. Phosphorylcholine coating of ePTFE grafts reduces
neointimal hyperplasiain canine model. Annals of vascular surgery. 1997;11(1):74-79.

Girdhar G, Li J, Kostousov L, Wainwright J, Chandler W. In-vitro thrombogenicity assessment of
flow diversion and aneurysm bridging devices. Interventional Neuroradiology. 2015;1):158.
Hagen MW, Girdhar G, Wainwright J, Hinds MT. Thrombogenicity of flow diverters in an ex vivo
shunt model: effect of phosphorylcholine surface modification. Journal of Neurolnterventional
Surgery. 2017;9(10):1006-1011.

Marosfoi M, Clarencon F, Langan E, et al. Phosphoryl-choline surface modified flow diverters can
decrease in-stent stenosis in small vessels in the rabbit model. Journal of neurointerventional
surgery. 2017;9 (Supplement 1):A14-A15.

Marosfoi M, Clarencon F, Langan ET, et al. Acute thrombus formation on phosphorilcholine
surface modified flow diverters. Journal of neurointerventional surgery. 2018;10(4):406-410.
Matsuda Y, Chung J, Lopes DK. Analysis of neointima developmentin flow diverters using optical
coherence tomographyimaging. Journal of neurointerventionalsurgery. 2018;10(2):162-167.
CaroffJ, Tamura T, KingR, et al. Phosphorylcholine surface modified flow diverter associated with
reduced intimal hyperplasia. 2018;10(11):1097-1101.

Matsuda Y, Jang D-K, Chung J, Wainwright JM, Lopes D. Preliminary outcomes of single
antiplatelet therapy for surface-modified flow diverters inan animal model: analysis of neointimal
development and thrombus formation using OCT. Journal of neurointerventional surgery. 2018.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 129 of 144

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Girdhar G, Ubl S, Jahanbekam R, et al. Thrombogenicity assessment of pipeline, pipeline shield,
derivo and P64 flow diverters in an in vitro pulsatile flow human blood loop model.
eNeurologicalSci. 2019.

Marosfoi M, Clarencon F, Langan E, et al. 0-012 Acute clot formation on the surface of flow
diverters can be reduced by using phosphoryl-choline surface modification. Journal of
neurointerventionalsurgery. 2017;9(Suppl 1):A8-A8.

Machi P, Lobotesis K, Vendrell JF, et al. Endovascular therapeutic strategies in ruptured
intracranial aneurysms. European journal of radiology. 2013;82(10):1646-1652.

Becske T, Kallmes DF, Saatci |, et al. Pipeline for Uncoilable or Failed Aneurysms: Results from a
Multicenter Clinical Trial. Radiology. 2013;267(3):858-868.

Kallmes DF, Hanel R, Lopes D, et al. International Retrospective Study of the Pipeline Embolization
Device: A Multicenter Aneurysm Treatment Study. AJINRAm J Neuroradiol. 2014.

Colby GP, Lin L-M, Gomez JF, et al. Immediate procedural outcomes in 35 consecutive pipeline
embolization cases: a single-center, single-user experience. Journal of Neurolnterventional
Surgery. 2013;5(3):237-246.

Saatci I, Yavuz K, Ozer C, Geyik S, Cekirge HS. Treatment of intracranial aneurysms using the
pipeline flow-diverter embolization device: a single-center experience with long-term follow-up
results. AINRAmJ Neuroradiol. 2012;33(8):1436-1446.

Yu SC-H, Kwok C-K, Cheng P-W, et al. Intracranial Aneurysms: Midterm Outcome of Pipeline
Embolization Device—A Prospective Study in 143 Patients with 178 Aneurysms. Radiology.
2012;265(3):893-901.

McAuliffe W, Wycoco V, Rice H, Phatouros C, Singh TJ, Wenderoth J. Immediate and midterm
results following treatment of unruptured intracranial aneurysms with the pipeline embolization
device. AJNRAmJ Neuroradiol. 2012;33(1):164-170.

Saatci |, Yavuz K, Ozer C, Geyik S, Cekirge HS. Treatment of Intracranial Aneurysms Using the
Pipeline Flow-Diverter Embolization Device: A Single-Center Experience with Long-Term Follow-
Up Results. AINR American journal of neuroradiology. 2012;19:19.

Chalouhi N, Starke RM, Yang S, et al. Extending the Indications of Flow Diversion to Small,
Unruptured, Saccular Aneurysms of the Anterior Circulation. Stroke; a journal of cerebral
circulation. 2014;45(1):54-58.

Brinjikji W BT, Kallmes DF, etal. 5Year Follow Up Results fromthe Pipelinefor Uncoilable or Failed
Aneurysms Trial (PUFS). Poster session presented at the International Stroke Conference,
Nashville, TN

Feb 2015.

93.
94.

95.

96.

Erratum. AJINRAm J Neuroradiol. 2015;36(5):E39-40.

Ferns SP, Sprengers ME, van Rooij W/, et al. Coiling of intracranial aneurysms: a systematic review
on initial occlusion and reopening and retreatment rates. Stroke; a journal of cerebral circulation.
2009;40(8):e523-529.

Yonaha H, Hyodo A, Inaji T, et al. Thromboembolic Events Associated with Coil Protrusion into
Parent Arteries after GDC Treatment. Interv Neuroradiol. 2006;12(Suppl 1):105-111.

Baldi S, Mounayer C, Piotin M, Spelle L, Moret J. Balloon-assisted coil placement in wide-neck
bifurcation aneurysms by use of anew, compliant balloon microcatheter. AINRAmJ Neuroradiol.
2003;24(6):1222-1225.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 130 of 144

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

110.

111.

112.

Rezek]|, LingineniRK, Sneade M, Molyneux AJ, Fox AJ, Kallmes DF. Differencesin the angiographic
evaluation of coiled cerebral aneurysms between a core laboratory readerand operators: results
of the Cerecyte Coil Trial. AINRAmJ Neuroradiol. 2014;35(1):124-127.

Rezekl, Mousan G, WangZ, Murad MH, Kallmes DF. Effect of core laboratory and multiple-reader
interpretation of angiographicimages on follow-up outcomes of coiled cerebral aneurysms: a
systematicreviewand meta-analysis. AINRAmJ Neuroradiol. 2013;34(7):1380-1384.

Wiebers DO, WhisnantJP,Huston J, 3rd, et al. Unruptured intracranial aneurysms: natural history,
clinical outcome, and risks of surgical and endovascular treatment. Lancet. 2003;362(9378):103-
110.

Investigators UJ, Morita A, Kirino T, et al. The natural course of unruptured cerebral aneurysms in
a Japanese cohort. N EnglJ Med. 2012;366(26):2474-2482.

Beck J, Rohde S, Berkefeld J, Seifert V, Raabe A. Size and location of ruptured and unruptured
intracranial aneurysms measured by 3-dimensional rotational angiography. Surgical Neurology.
2006;65(1):18-25.

Juvela§, Porras M, Heiskanen O. Natural history of unruptured intracranial aneurysms: a long-
term follow-up study. Journal of neurosurgery. 1993;79(2):174-182.

Unruptured intracranial aneurysms--risk of rupture and risks of surgical intervention.
International Study of Unruptured Intracranial Aneurysms Investigators. N Engl J Med.
1998;339(24):1725-1733.

Juvelas, Porras M, Poussa K. Natural history of unruptured intracranialaneurysms: probability of
and risk factors foraneurysm rupture.Journal of neurosurgery. 2000;93(3):379-387.

Tsutsumi K, Ueki K, Morita A, Kirino T. Risk of rupture from incidental cerebral aneurysms. Joumal
of neurosurgery. 2000;93(4):550-553.

Yasui N, Suzuki A, Nishimura H, Suzuki K, Abe T. Long-term Follow-up Study of Unruptured
Intracranial Aneurysms. Neurosurgery. 1997;40(6):1155-1160.

Clarke M. Systematicreview of reviewsof risk factors forintracranial aneurysms. Neuroradiology.
2008;50(8):653-664.

Sonobe M, Yamazaki T, Yonekura M, Kikuchi H. Small unruptured intracranial aneurysm
verification study: SUAVe study, Japan. Stroke; a journal of cerebral circulation. 2010;41(9):1969-
1977.

White PM, Lewis SC, Gholkar A, et al. Hydrogel-coated coils versus bare platinum coils for the
endovasculartreatment of intracranial aneurysms (HELPS): arandomised controlled trial. Lancet.
2011;377(9778):1655-1662.

PierotL, Cognard C, Ricolfi F, AnxionnatR, Investigators C. Immediate anatomicresults after the
endovasculartreatment of ruptured intracranial aneurysms: analysis in the CLARITY series. AINR
AmJ Neuroradiol. 2010;31(5):907-911.

McDougall CG, Johnston SC, Gholkar A, et al. Bioactive versusbare platinum coils in the treatment
of intracranial aneurysms: the MAPS (Matrix and Platinum Science) trial. AINRAm J Neuroradiol.
2014;35(5):935-942.

Molyneux A, Kerr R, Stratton |, et al. International Subarachnoid Aneurysm Trial (ISAT) of
neurosurgical clipping versus endovascular coiling in 2143 patients with ruptured intracranial
aneurysms:arandomised trial. Lancet. 2002;360(9342):1267-1274.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 131 of 144

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Pierot L, Cognard C, Anxionnat R, Ricolfi F, Investigators C. Ruptured intracranial aneurysmes:
factors affecting the rate and outcome of endovascular treatment complicationsin aseries of 782
patients (CLARITY study). Radiology. 2010;256(3):916-923.

ForgetTRJ, Benitez R, Veznedaroglu E, et al. A Review of Size and Location of RupturedIntracranial
Aneurysms. Neurosurgery. 2001;49(6):1322-1326.

Sedat J, Chau Y, Mondot L, Vargas J, Szapiro J, Lonjon M. Endovascular occlusion of intracranial
wide-necked aneurysms with stenting (Neuroform) and coiling: mid-term and long-term results.
Neuroradiology. 2009;51(6):401-4009.

Mocco J, Snyder KV, Albuquerque FC, et al. Treatment of intracranial aneurysms with the
Enterprise stent: amulticenterregistry. Journal of neurosurgery. 2009;110(1):35-39.

Liang G, Gao X, Li Z, Wei X, Xue H. Neuroform stent-assisted coiling of intracranial aneurysms:a5
yearsingle-center experience and follow-up. Neurological research. 2010;32(7):721-727.

Gao X, LiangG, Li Z, Wei X, Hong Q. Complications and adverse events associated with Neuroform
stent-assisted coiling of wide-neck intracranial aneurysms. Neurological research.
2011;33(8):841-852.

Fargen KM, Hoh BL, Welch BG, et al. Long-term Results of Enterprise Stent-Assisted Coiling of
Cerebral Aneurysms. Neurosurgery. 2012;71(2):239-244
210.1227/NEU.1220b1013e3182571953.

Galal A, Bahrassa F, Dalfino JC, Boulos AS. Stent-assisted treatment of unruptured and ruptured
intracranial aneurysms: clinical and angiographic outcome. British journal of neurosurgery.
2013;27(5):607-616.

Clajus C, Sychra V, Strasilla C, Klisch J. Stent-assisted coil embolization of intracranial aneurysms
usingthe Solitaire™ AB Neurovascular Remodeling Device: initial and midterm follow-up results.
Neuroradiology. 2013;55(5):629-638.

Kulcsar Z, Goricke SL, Gizewski ER, et al. Neuroform stent-assisted treatment of intracranial
aneurysms: long-term follow-up study of aneurysm recurrence and in-stent stenosis rates.
Neuroradiology. 2013;55(4):459-465.

FiorellaD, Albuquerque FC, Woo H, Rasmussen PA, Masaryk TJ, McDougall CG. Neuroform stent
assisted aneurysm treatment: evolving treatment strategies, complications and results of long
term follow-up.J Neurointerv Surg. 2010;2(1):16-22.

Vendrell JF, CostalatV, Brunel H, Riquelme C, Bonafe A. Stent-assisted coiling of complex middle
cerebral artery aneurysms: initial and midterm results. AJINR Am J Neuroradiol. 2011;32(2):259-
263.

Biondi A, Janardhan V, Katz JM, Salvaggio K, Riina HA, Gobin YP. Neuroform stent-assisted coil
embolization of wide-neck intracranial aneurysms: strategies in stent deployment and midterm
follow-up. Neurosurgery. 2007;61(3):460-468.

Piotin M, Blanc R, Spelle L, et al. Stent-assisted coiling of intracranial aneurysms: clinical and
angiographic results in 216 consecutive aneurysms. Stroke; a journal of cerebral circulation.
2010;41(1):110-115.

Becske T, Kallmes DF, Saatci |, et al. Pipeline for uncoilable or failed aneurysms: results from a
multicenter clinical trial. Radiology. 2013;267(3):858-868.

Lieber BB, Sadasivan C. Endoluminal Scaffolds for Vascular Reconstruction and Exclusion of
Aneurysms From the Cerebral Circulation. Stroke. 2010;41(10_suppl_1):S21-S25.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 132 of 144

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Wakhloo AK, Gounis MJ. Revolutionin Aneurysm Treatment: Flow Diversion to Cure Aneurysmes:
A Paradigm Shift. Neurosurgery. 2014;61(CN_suppl_1):111-120.

McTaggart RA, Choudhri OA, Marcellus ML, et al. Use of thromboelastography to tailor dual-
antiplatelet therapyin patients undergoing treatment of intracranialaneurysms with the Pipeline
embolization device. J Neurointerv Surg. 2015;7(6):425-430.

Pierot L, Wakhloo AK. Endovascular treatment of intracranial aneurysms: current status. Stroke;
a journal of cerebral circulation. 2013;44(7):2046-2054.

Crobeddu E, Lanzino G, Kallmes DF, Cloft Hl. Review of 2 decades of aneurysm-recurrence
literature, part 1: reducing recurrence after endovascular coiling. AJINR Am J Neuroradiol.
2013;34(2):266-270.

Crobeddu E, Lanzino G, Kallmes DF, Cloft Hl. Review of 2 decades of aneurysm-recurrence
literature, part 2: Managing recurrence after endovascular coiling. AINR Am J Neuroradiol.
2013;34(3):481-485.

Eller JL, Dumont TM, Sorkin GC, et al. The Pipeline embolization device for treatment of
intracranial aneurysms. Expert review of medical devices. 2014;11(2):137-150.

Brasiliense LB, Hanel RA. Pipeline embolization device: lessons learned after 1000 aneurysms.
World neurosurgery. 2014;82(3-4):248-250.

Leung GK, Tsang AC, Lui WM. Pipeline embolizationdevice forintracranialaneurysm: a systematic
review. Clinical neuroradiology. 2012;22(4):295-303.

Chen C, Ofenloch JC, Yianni YP, Hanson SR, Lumsden AB. Phosphorylcholine coating of ePTFE
reduces platelet deposition and neointimal hyperplasia in arteriovenous grafts. The Journal of
surgical research. 1998;77(2):119-125.

Lin N, Brouillard AM, Krishna C, et al. Use of coils in conjunction with the pipeline embolization
device fortreatmentof intracranial aneurysms. Neurosurgery. 2015;76(2):142-149.

Briganti F, Napoli M, Tortora F, et al. Italian multicenter experience with flow-diverter devices for
intracranial unruptured aneurysm treatment with periprocedural complicationsa retrospective
data analysis. Neuroradiology. 2012;54(10):1145-1152.

Burrows AM, Cloft H, Kallmes DF, Lanzino G. Periprocedural and mid-term technical and clinical
events after flow diversion for intracranial aneurysms. Journal of Neurolnterventional Surgery.
2015;7(9):646-651.

Delgado Almandoz JE, Crandall BM, Scholz JM, et al. Pre-procedure P2Y12 reaction units value
predicts perioperative thromboembolicand hemorrhagic complicationsin patients with cerebral
aneurysmstreated with the Pipeline Embolization Device. Journal of Neurointerventional Surgery.
2013;5(SUPPL.3):iii3-iii10.

Daou BMD, Starke RMMD, Chalouhi NMD, et al. The Use of the Pipeline Embolization Device in
the Management of Recurrent Previously Coiled Cerebral Aneurysms. Neurosurgery.

Kallmes DF, Hanel R, Lopes D, et al. International retrospective study of the pipeline embolization
device: A multicenter aneurysm treatment study. American Journal of Neuroradiology.
2015;36(1):108-115.

Lin LM, Colby GP, Kim JE, Huang J, Tamargo RJ, Coon AL. Immediate and follow-up results for 44
consecutive cases of small (<10 mm) internal carotid artery aneurysms treated with the pipeline
embolization device. Surgical neurology international. 2013;4:114.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 133 of 144

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Meckel S, McAuliffe W, Fiorella D, et al. Endovascular treatment of complex aneurysms at the
vertebrobasilar junction with flow-diverting stents: initial experience. Neurosurgery.
2013;73(3):386-394.

Tan LA, Keigher KM, Munich SA, Moftakhar R, Lopes DK. Thromboembolic complications with
Pipeline Embolization Device placement: Impact of procedure time, number of stents and pre-
procedure P2Y12 reaction unit (PRU) value. Journal of Neurolnterventional Surgery.
2015;7(3):217-221.

Delgado Almandoz JE, Crandall BM, Scholz JM, et al. Pre-procedure P2Y12 reaction units value
predicts perioperative thromboembolicand hemorrhagiccomplications in patients with cerebral
aneurysmstreated with the Pipeline Embolization Device. Journalof neurointerventional surgery.
2013;5 Suppl 3:iii3-10.

de Barros Faria M, Castro RN, Lundquist J, et al. The role of the pipeline embolization device for
the treatment of dissecting intracranial aneurysms. AJINR Am J Neuroradiol. 2011;32(11):2192-
2195.

FischerS, Vajda Z, Aguilar Perez M, et al. Pipeline embolization device (PED) for neurovascular
reconstruction:initial experience inthe treatment of 101 intracranial aneurysms and dissections.
Neuroradiology. 2012;54(4):369-382.

John S, Bain MD, Hui FK, et al. Long-term Follow-up of In-stent Stenosis After Pipeline Flow
Diversion Treatment of Intracranial Aneurysms. Neurosurgery. 2016;78(6):862-867.

Martin AR, Cruz JP, O'Kelly C, Kelly M, Spears J, Marotta TR. Small pipes: preliminary experience
with 3-mm or smaller pipeline flow-diverting stents for aneurysm repair prior to regulatory
approval. AJINRAmJ Neuroradiol. 2015;36(3):557-561.

TanweerO, Raz E, Brunswick A, etal. Cavernous carotid aneurysmsin the era of flow diversion: a
needtorevisittreatment paradigms. AJINRAm J Neuroradiol. 2014;35(12):2334-2340.

Vedantam A, Rao VY, Shaltoni HM, Mawad ME. Incidence and clinical implications of carotid
branch occlusion following treatment of internal carotid artery aneurysms with the pipeline
embolization device. Neurosurgery. 2015;76(2):173-178; discussion 178.

O'Kelly CJ, SpearsJ, Chow M, et al. Canadian experience with the pipeline embolizationdevice for
repair of unruptured intracranial aneurysms. AJNR American journal of neuroradiology.
2013;34(2):381-387.

Martinez-Galdamez M, Romance A, Vega P, etal. Pipeline endovascular device forthe treatment
of intracranial aneurysms at the level of the circle of Willisand beyond: multicenter experience.J
Neurointerv Surg. 2015;7(11):816-823.

YavuzK, Geyik S, Saatcil, Cekirge HS. Endovascular treatment of middle cerebral artery aneurysms
with flow modification with the use of the pipeline embolization device. AINRAm J Neuroradiol,
2014;35(3):529-535.

Chalouhi N, McMahon JF, Moukarzel LA, et al. Flow diversion versus traditional aneurysm
embolization strategies: analysis of fluoroscopy and procedure times. J Neurointerv Surg.
2014;6(4):291-295.

Daou B, Starke RM, Chalouhi N, et al. The Use of the Pipeline Embolization Device in the
Management of Recurrent Previously Coiled Cerebral Aneurysms. Neurosurgery. 2015;77(5):692-
697; discission 697.

Kallmes DF, Hanel R, Lopes D, et al. International retrospective study of the pipeline embolization
device:amulticenteraneurysm treatment study. AINRAmJ Neuroradiol. 2015;36(1):108-115.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 134 of 144

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Lin LM, Colby GP, Kim JE, Huang J, Tamargo RJ, Coon AL. Immediate and follow-up results for 44
consecutive cases of small (<10 mm) internal carotid artery aneurysms treated with the pipeline
embolization device. Surgical neurology international. 2013;4:114.

Tan LA, Keigher KM, Munich SA, Moftakhar R, Lopes DK. Thromboembolic complications with
Pipeline Embolization Device placement: impact of procedure time, number of stents and pre-
procedure P2Y12reaction unit (PRU) value.Journal of neurointerventional surgery. 2015;7(3):217-
221.

Chalouhi N, Polifka A, Daou B, et al. In-Pipeline Stenosis: Incidence, Predictors, and Clinical
Outcomes. Neurosurgery. 2015;77(6):875-879; discussion 879.

Chalouhi N, TjoumakarisS, Phillips JL, et al. A single pipeline embolization device is sufficient for
treatmentof intracranial aneurysms. AJINR Am J Neuroradiol. 2014;35(8):1562-1566.

Chalouhi N, Tjoumakaris S, Starke RM, et al. Comparison of flow diversion and coiling in large
unruptured intracranial saccular aneurysms. Stroke; a journal of cerebral circulation.
2013;44(8):2150-2154.

Chalouhi N, Zanaty M, Whiting A, et al. Treatment of ruptured intracranial aneurysms with the
pipeline embolization device. Neurosurgery. 2015;76(2):165-172; discussion 172.

Chalouhi N, Zanaty M, Whiting A, et al. Safety and efficacy of the Pipeline Embolization Device in
100 smallintracranial aneurysms. Journalof neurosurgery. 2015;122(6):1498-1502.

Cinar C, Bozkaya H, Oran |. Endovascular treatment of cranial aneurysms with the pipeline flow-
diverting stent: preliminary mid-term results. Diagnostic and interventional radiology.
2013;19(2):154-164.

CohenJE, Gomori JM, Moscovici S, Leker RR, Itshayek E. Delayed complications after flow-diverter
stenting: reactive in-stent stenosis and creeping stents. Journal of clinical neuroscience : official
journalof the Neurosurgical Society of Australasia. 2014;21(7):1116-1122.

Colby GP, Lin LM, Gomez JF, et al. Inmediate procedural outcomes in 35 consecutive pipeline
embolization cases: a single-center, single-user experience. J Neurointerv Surg. 2013;5(3):237-
246.

CrobedduE, Lanzino G, Kallmes DF, Cloft HJ. Marked decreasein coil and stent utilization following
introduction of flow diversion technology. J Neurointerv Surg. 2013;5(4):351-353.

Cruz JP, O'Kelly C, Kelly M, et al. Pipeline embolization device in aneurysmal subarachnoid
hemorrhage. AJINRAmJ Neuroradiol. 2013;34(2):271-276.

Delgado Almandoz JE, Crandall BM, Scholz JM, et al. Last-recorded P2Y12 reaction units value is
strongly associated with thromboembolic and hemorrhagic complications occurring up to 6
months after treatment in patients with cerebral aneurysms treated with the pipeline
embolization device. AINRAmJ Neuroradiol. 2014;35(1):128-135.

Deutschmann HA, Wehrschuetz M, Augustin M, Niederkorn K, Klein GE. Long-term follow-up after
treatment of intracranial aneurysms with the Pipeline embolization device: results from a single
center. AJINRAmJ Neuroradiol. 2012;33(3):481-486.

Durst CR, Starke RM, Clopton D, et al. Endovascular treatment of ophthalmic artery aneurysmes:
ophthalmic artery patency following flow diversion versus coil embolization. J Neurointerv Surg.
2016;8(9):919-922.

FischerS, Perez MA, Kurre W, Albes G, Bazner H, Henkes H. Pipeline embolization device for the
treatment of intra- and extracranial fusiform and dissecting aneurysms: initial experience and
long-term follow-up. Neurosurgery. 2014;75(4):364-374; discussion 374.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 135 of 144

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

1809.

190.

191.

Gascou G, Lobotesis K, Brunel H, et al. Extra-aneurysmal flow modification following pipeline
embolization deviceimplantation: focuson regionalbranches, perforators, and the parent vessel.
AJNRAmJ Neuroradiol. 2015;36(4):725-731.

Heiferman DM, Billingsley JT, Kasliwal MK, et al. Use of flow-diverting stentsas salvage treatment
following failed stent-assisted embolization of intracranial aneurysms. J Neurointerv Surg.
2016;8(7):692-695.

JabbourP, Chalouhi N, Tjoumakaris S, etal. The Pipeline Embolization Device: learning curve and
predictors of complications and aneurysm obliteration. Neurosurgery. 2013;73(1):113-120;
discussion 120.

Kan P, Siddiqui AH, Veznedaroglu E, et al. Early postmarket results after treatment of intracranial
aneurysms with the pipeline embolization device: a U.S. multicenter experience. Neurosurgery.
2012;71(6):1080-1087; discussion 1087-1088.

Keskin F, Erdi F, Kaya B, et al. Endovascular treatment of complex intracranial aneurysms by
pipeline flow-diverter embolization device: a single-center experience. Neurological research.
2015;37(4):359-365.

Kim U, Tariq F, Levitt M, et al. Multimodality treatment of complex unruptured cavernous and
paraclinoid aneurysms. Neurosurgery. 2014;74(1):51-61; discussion 61; quiz 61.

Lin N, Brouillard AM, Keigher KM, et al. Utilization of Pipeline embolization device fortreatment
of ruptured intracranial aneurysms: US multicenter experience. J Neurointerv Surg.
2015;7(11):808-815.

Lin N, Brouillard AM, Xiang J, et al. Endovascular management of adjacent tandem intracranial
aneurysms: utilization of stent-assisted coiling and flow diversion. Acta neurochirurgica.
2015;157(3):379-387.

Lin N, Lanzino G, Lopes DK, et al. Treatment of Distal Anterior Circulation Aneurysms With the
Pipeline Embolization Device: A US Multicenter Experience. Neurosurgery. 2016;79(1):14-22.
Lubicz B, Collignon L, Raphaeli G, De Witte O. Pipeline flow-diverter stent for endovascular
treatment of intracranial aneurysms: preliminary experience in 20 patients with 27 aneurysmes.
World neurosurgery. 2011;76(1-2):114-119.

Mazur MD, Kilburg C, Wang V, Taussky P. Pipeline embolization device for the treatment of
vertebral artery aneurysms: the fate of covered branch vessels.J Neurointerv Surg. 2015.
McDonald RJ, McDonald JS, Kallmes DF, Lanzino G, Cloft HJ. Periprocedural safety of Pipeline
therapy forunruptured cerebral aneurysms: Analysis of 279 Patients in a multihospital database.
Interv Neuroradiol. 2015;21(1):6-10.

Monteith SJ, Tsimpas A, Dumont AS, etal. Endovascular treatmentof fusiform cerebral aneurysms
with the Pipeline Embolization Device. Journal of neurosurgery. 2014;120(4):945-954.

Moon K, Albuquerque FC, Ducruet AF, Crowley RW, McDougall CG. Resolution of cranial
neuropathies following treatment of intracranial aneurysms with the Pipeline Embolization
Device.Journalof neurosurgery. 2014;121(5):1085-1092.

Moon K, Albuquerque FC, Ducruet AF, Webster Crowley R, McDougall CG. Treatment of
ophthalmic segment carotid aneurysms using the pipeline embolization device: clinical and
angiographicfollow-up. Neurological research. 2014;36(4):344-350.

Munich SA, Tan LA, Keigher KM, Chen M, Moftakhar R, Lopes DK. The Pipeline Embolization Device
for the treatment of posterior circulation fusiform aneurysms: lessons learned at a single
institution. Journal of neurosurgery. 2014;121(5):1077-1084.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 136 of 144

192.

193.

194.

195.

196.

197.

198.

190.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Nossek E, Chalif DJ, Chakraborty S, Lombardo K, Black KS, Setton A. Concurrent use of the Pipeline
Embolization Device and coils forintracranial aneurysms: technique, safety, and efficacy. Journal
of neurosurgery. 2015;122(4):904-911.

Park MS, Albuquerque FC, Nanaszko M, et al. Critical assessment of complicationsassociated with
use of the Pipeline Embolization Device.J Neurointerv Surg. 2015;7(9):652-659.

Phillips TJ, Wenderoth JD, Phatouros CC, et al. Safety of the pipeline embolization device in
treatment of posteriorcirculation aneurysms. AJINRAm J Neuroradiol. 2012;33(7):1225-1231.
Puffer RC, Kallmes DF, Cloft HJ, Lanzino G. Patency of the ophthalmic artery after flow diversion
treatment of paraclinoid aneurysms. Journal of neurosurgery. 2012;116(4):892-896.
Rangel-Castilla L, Cress MC, Munich SA, etal. Feasibility, Safety, and Periprocedural Complications
of Pipeline Embolization for Intracranial Aneurysm Treatment Under Conscious Sedation:
University at Buffalo Neurosurgery Experience. Neurosurgery. 2015;11 Suppl 3:426-430.

Raz E, Shapiro M, Becske T, et al. Anterior choroidal artery patency and clinical follow-up after
coverage withthe pipeline embolization device. AJNR Am J Neuroradiol. 2015;36(5):937-942.
Rouchaud A, LeclercO, BenayounY, et al. Visual outcomes with flow-diverter stents covering the
ophthalmic artery for treatment of internal carotid artery aneurysms. AINR Am J Neuroradiol
2015;36(2):330-336.

Saleme S, losif C, Ponomarjova$, etal. Flow-diverting stents for intracranial bifurcationaneurysm
treatment. Neurosurgery. 2014;75(6):623-631; quiz 631.

Yoon JW, Siddiqui AH, Dumont TM, et al. Feasibility and safety of pipeline embolization device in
patients with ruptured carotid blister aneurysms. Neurosurgery. 2014;75(4):419-429; discussion
429,

Zanaty M, Chalouhi N, Barros G, et al. Flow-diversion for ophthalmic segment aneurysmes.
Neurosurgery. 2015;76(3):286-289; discussion 289-290.

Zanaty M, Chalouhi N, Tjoumakaris Sl, Gonzalez LF, Rosenwasser R, Jabbour P. Flow diversion for
complex middlecerebral artery aneurysms. Neuroradiology. 2014;56(5):381-387.

Adeeb N, Moore J, Griessenauer C, et al. Treatment of TandemInternal Carotid Artery Aneurysms
Using a Single Pipeline Embolization Device: Evaluation of Safety and Efficacy. American Journal
of Neuroradiology. 2017.

Bender MT, Lin L-M, Colby GP, et al. P2Y12 hyporesponse (PRU>200) is not associated with
increased thromboembolic complications in anterior circulation Pipeline. Journal of
neurointerventionalsurgery. 2016:neurintsurg-2016-012618.

Bhogal P, Ganslandt O, Bazner H, Henkes H, Pérez MA. The Fate of Side Branches Covered by Flow
Diverters—Results from 140 Patients. World neurosurgery. 2017;103:789-798.

Briganti F, Leone G, Cirillo L, de Divitiis O, Solari D, CappabiancaP. Postprocedural, midterm, and
long-term results of cerebral aneurysms treated with flow-diverter devices: 7-year experience at
asingle center. Neurosurgical Focus. 2017;42(6):E3.

Brinjikji W, Kallmes DF, Cloft H, Lanzino G. Patency of the anterior choroidal artery after flow-
diversion treatment of internal carotid artery aneurysms. American Journal of Neuroradiology.
2015;36(3):537-541.

Brinjikji W, Lanzino G, Cloft H, et al. Risk factors for ischemic complications following Pipeline
embolization device treatment of intracranial aneurysms: results from the IntrePED study.
American Journalof Neuroradiology. 2016;37(9):1673-1678.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 137 of 144

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

ChalouhiN, Daou B, Barros G, et al. Matched Comparison of Flow Diversion and Coilingin Small,
Noncomplex Intracranial Aneurysms. Neurosurgery. 2017.

ChiuA, CheungA, Wenderoth J, et al. Long-term follow-upresults following elective treatment of
unruptured intracranial aneurysms with the pipeline embolization device. American Journal of
Neuroradiology. 2015;36(9):1728-1734.

Colby GP, Bender MT, Lin L-M, et al. Endovascular flow diversion for treatment of anterior
communicating artery region cerebral aneurysms: a single-center cohort of 50 cases. Journal of
Neurolnterventional Surgery. 2017:neurintsurg-2016-012946.

Colby GP, Lin L-M, Xu R, et al. Utilization of a Novel, Multi-Durometer Intracranial Distal Access
Catheter: Nuances and Experience in 110 Consecutive Cases of Aneurysm Flow Diversion.
Interventional Neurology. 2017;6(1-2):90-104.

Griessenauer CJ, Piske RL, Baccin CE, et al. Flow Diverters for Treatment of 160 Ophthalmic
Segment Aneurysms: Evaluation of Safety and Efficacy in a Multicenter Cohort. Neurosurgery.
2017;80(5):726-732.

losif C, Mounayer C, Yavuz K, et al. Middle cerebral artery bifurcation aneurysms treated by
extrasaccular flow diverters: midterm angiographic evolution and clinical outcome. American
Journalof Neuroradiology. 2017;38(2):310-316.

Kallmes DF, Brinjikji W, Boccardi E, etal. Aneurysm Study of Pipelinein an Observational Registry
(ASPIRe). Interventionalneurology. 2016;5(1-2):89-99.

Kim BM, Shin YS, Baik MW, et al. Pipeline embolization device for large/giant or fusiform
aneurysms: aninitial multi-center experience in Korea. Neurointervention. 2016;11(1):10-17.
Martinez-Galddmez M, Lamin SM, Lagios KG, et al. Periprocedural outcomes and early safety with
the use of the Pipeline Flex Embolization Device with Shield Technology for unruptured
intracranial aneurysms: preliminary results from a prospective clinical study. Journal of
Neurolnterventional Surgery. 2017:neurintsurg-2016-012896.

Moshayedi H, Omofoye OA, Yap E, Oyekunle TO, Sasaki-Adams DM, Solander SY. Factors affecting
the obliteration rate of Intracranial Aneurysmstreated with asingle Pipeline Embolization Device.
World neurosurgery. 2017;104:205-212.

Park M, Kilburg C, Taussky P, et al. Pipeline embolization device with or without adjunctive coil
embolization: analysis of complications from the IntrePED registry. American Journal of
Neuroradiology. 2016;37(6):1127-1131.

Roy AK, Howard BM, Haussen DC, et al. Reduced Efficacy of the Pipeline Embolization Device in
the Treatment of Posterior Communicating Region Aneurysms with Fetal Posterior Cerebral
Artery Configuration. Neurosurgery. 2017.

Kim BM, Shin YS, Baik MW, et al. Pipeline Embolization Device for Large/Giant or Fusiform
Aneurysms: An Initial Multi-Center Experiencein Korea. Neurointervention. 2016;11(1):10-17.
Moshayedi H, Omofoye OA, Yap E, Oyekunle TO, Sasaki-Adams DM, Solander SY. Factors affecting
the obliteration rate of Intracranial Aneurysmstreated with asingle Pipeline Embolization Device.
World Neurosurgery. 2017;27:27.

Adeeb N, Griessenauer CJ, Foreman PM, et al. Comparison of stent-assisted coil embolization and
Pipeline embolization device for endovascular treatment of ophthalmic segment aneurysms:a
multicenter cohort study. World neurosurgery. 2017.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 138 of 144

224,

225.

226.

227.

228.

229.

230.

231

232.

233.

234.

235.

236.

237.

238.

Adeeb N, Griessenauer CJ, Moore JM, et al. Ischemic Stroke After Treatment of Intraprocedural
Thrombosis During Stent-Assisted Coiling and Flow Diversion. Stroke; a journal of cerebral
circulation. 2017;48(4):1098-1100.

Adeeb N, Griessenauer CJ, Shallwani H, et al. Pipeline Embolization Device in treatment of 50
unruptured large and giantaneurysms. World neurosurgery. 2017.

Brinjikji W, Kallmes DF, Cloft HJ, Lanzino G. Age-related outcomes following intracranialaneurysm
treatment with the Pipeline Embolization Device: a subgroup analysis of the IntrePED registry.
Journalof neurosurgery. 2016;124(6):1726-1730.

Burrows A, Brinjikji W, Puffer R, Cloft H, Kallmes D, Lanzino G. Flowdiversionfor ophthalmicartery
aneurysms. American Journalof Neuroradiology. 2016;37(10):1866-1869.

Burrows AM, Cloft H, Kallmes DF, Lanzino G. Periprocedural and mid-term technical and clinical
events afterflow diversion forintracranial aneurysms.J Neurointerv Surg. 2014.

Chalouhi N, Tjoumakaris S, Gonzalez L, et al. Spontaneous delayed migration/shortening of the
pipeline embolization device: report of 5 cases. American Journal of Neuroradiology.
2013;34(12):2326-2330.

Di Maria F, Pistocchi S, Clarencon F, et al. Flowdiversion versus standard endovascular techniques
for the treatment of unruptured carotid-ophthalmic aneurysms. American Journal of
Neuroradiology. 2015;36(12):2325-2330.

Griessenauer CJ, Shallwani H, Adeeb N, et al. Conscious Sedation Versus General Anesthesia for
the Treatment of Cerebral Aneurysms with Flow Diversion: A Matched Cohort Study. World
neurosurgery. 2017;102:1-5.

Patel A, Miller TR, Shivashankar R, Jindal G, Gandhi D. Early angiographicsigns of acute thrombus
formation following cerebral aneurysm treatment with the Pipeline embolization device. Journal
of neurointerventionalsurgery. 2016:neurintsurg-2016-012701.

Petr O, Brinjikji W, Cloft H, Kallmes D, Lanzino G. Current trends and results of endovascular
treatment of unruptured intracranial aneurysms at a single institution in the flow-diverter era.
AmericanJournalof Neuroradiology. 2016;37(6):1106-1113.

Tomasello A, Romero N, AixutS, et al. Endovascular treatment of intracraneal aneurysm with
pipeline embolization device: experience in four centres in Barcelona. Neurological research.
2016;38(5):381-388.

Tsang ACO, Fung AMY, Tsang FCP, Leung GKK, Lee R, Lui WM. Failure of flow divertertreatment
of intracranial aneurysms related to the fetal-type posterior communicating artery.
Neurointervention. 2015;10(2):60-66.

Brinjikji W, Lanzino G, Cloft HJ, Siddiqui AH, Kallmes DF. Risk Factors for Hemorrhagic
Complications following Pipeline Embolization Device Treatment of Intracranial Aneurysms:
Results from the International Retrospective Study of the Pipeline Embolization Device. AJINR Am
J Neuroradiol. 2015.

Briganti F, Napoli M, Tortora F, et al. Italian multicenter experience with flow-diverter devices for
intracranial unruptured aneurysm treatment with periprocedural complications—a retrospective
data analysis. Neuroradiology. 2012:1-8.

Brinjikji W, Kallmes DF, Cloft HJ, Lanzino G. Age-related outcomes followingintracranialaneurysm
treatment with the Pipeline Embolization Device: a subgroup analysis of the IntrePED registry. J
Neurosurg. 2016;124(6):1726-1730.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 139 of 144

239.

240.

241.

242.

243.

244,

245,

246.

247.

248.

249.

250.

251

252.

253.

Brinjikji W, Kallmes DF, Cloft HJ, Lanzino G. Patency of the anterior choroidal artery after flow-
diversion treatment of internal carotid artery aneurysms. American Journal of Neuroradiology.
2015;36(3):537-541.

Di MariaF, Pistocchi S, Clarencon F, et al. Flow Diversion versus Standard Endovascular Techniques
for the Treatment of Unruptured Carotid-Ophthalmic Aneurysms. AJINR Am J Neuroradiol,
2015;36(12):2325-2330.

Durst CR, Starke RM, Clopton D, et al. Endovascular treatment of ophthalmic artery aneurysms:
ophthalmic artery patency following flow diversion versus coil embolization. J Neurointerv Surg.
2015.

Griessenauer CJ, Ogilvy CS, ForemanPM, etal. Pipeline Embolization Device for Small Intracranial
Aneurysms: Evaluation of Safety and Efficacy in a Multicenter Cohort. Neurosurgery. 2016.
Griessenauer CJ, Ogilvy CS, Foreman PM, et al. Pipeline Embolization Device for small
paraophthalmicartery aneurysms with an emphasis on the anatomical relationship of ophthalmic
artery originand aneurysm. Journalof neurosurgery. 2016:1-8.

Kallmes DF, Hanel R, Lopes D, et al. International retrospective study of the pipeline embolization
device: a multicenter aneurysm treatment study. American Journal of Neuroradiology.
2015;36(1):108-115.

McTaggart RA, Choudhri OA, Marcellus ML, et al. Use of thromboelastography to tailor dual-
antiplatelet therapyin patients undergoing treatment of intracranialaneurysms with the Pipeline
embolization device. Journal of Neurointerventional Surgery. 2015;7(6):425-430.

Park MS, Kilburg C, Taussky P, et al. Pipeline Embolization Device with or without Adjunctive Coil
Embolization: Analysis of Complications from the IntrePED Registry. AJINR Am J Neuroradiol.
2016;37(6):1127-1131.

Sahlein DH, Fouladvand M, Becske T, et al. Neuroophthalmological outcomes associated with use
of the Pipeline Embolization Device: analysis of the PUFS trial results. Journal of neurosurgery.
2015;123(4):897-905.

Becske T, Potts MB, Shapiro M, etal. Pipeline for uncoilable or failed aneurysms: 3-year follow-up
results. Journalof neurosurgery. 2016:1-8.

Kabbasch C, Mpotsaris A, Behme D, Dorn F, Stavrinou P, Liebig T. Pipeline Embolization Device for
Treatment of Intracranial Aneurysms—The More, the Better? A Single-center Retrospective
Observational Study. Journal of vascular and interventional neurology. 2016;9(2):14.

Phillips T, Wenderoth J, PhatourosC, et al. Safety of the pipeline embolizationdevice in treatment
of posteriorcirculation aneurysms. American Journal of Neuroradiology. 2012;33(7):1225-1231.
Roy AK, GrossberglJA, OsbunJW, etal. Carotid cavernousfistula after Pipeline placement: a single-
center experience and review of the literature. Journal of neurointerventional surgery.
2016:neurintsurg-2016-012586.

Martinez-Galdamez M, Lamin SM, Lagios KG, et al. Periprocedural outcomes and early safety with
the use of the Pipeline Flex Embolization Device with Shield Technology for unruptured
intracranial aneurysms: preliminary results from a prospective clinical study. Journal of
Neurointerventional Surgery. 2017;20:20.

Le EJ, MillerT, SerulleY, ShivashankarR, Jindal G, Gandhi D. Use of Pipeline Flexis associated with
reduced fluoroscopy time, procedure time, and technical failure compared with the first-
generation Pipeline embolization device.Journal of Neurointerventional Surgery. 2017;9(2):188-
191.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099 Version C Page 140 of 144

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

Adeeb N, Griessenauer CJ, Foreman PM, et al. Comparison of stent-assisted coil embolization and
Pipeline embolization device for endovascular treatment of ophthalmic segment aneurysms:a
multicenter cohort study. World neurosurgery. 2017;27:27.

Griessenauer CJMD, Piske RLMD, Baccin CEMD, et al. Flow Diverters for Treatment of 160
Ophthalmic Segment Aneurysms: Evaluation of Safety and Efficacy in a Multicenter Cohort.
Neurosurgery. 2017;80(5):726-732.

Murayama Y, Takao H, Ishibashi T, et al. Risk Analysis of Unruptured Intracranial Aneurysms:
Prospective 10-Year Cohort Study. Stroke; a journal of cerebral circulation. 2016;47(2):365-371.
Dolati P, Pittman D, Morrish WF, Wong J, Sutherland GR. The Frequency of Subarachnoid
Hemorrhage from Very Small Cerebral Aneurysms (<5 mm): A Population-Based Study. Cureus.
2015;7(6):e279.

AlbuquerqueFC, Park MS, Abla AA, Crowley RW, Ducruet AF, McDougall CG. A reappraisal of the
Pipeline embolization device forthe treatment of posterior circulation aneurysms. J Neurointerv
Surg. 2014.

Griessenauer CJ, Ogilvy CS, Foreman PM, et al. Pipeline Embolization Device for small
paraophthalmicartery aneurysms with an emphasis on the anatomical relationship of ophthalmic
arteryoriginand aneurysm. Journal of neurosurgery. 2016:1-8.

Puri AS, Massari F, Asai T, et al. Safety, efficacy, and short-term follow-up of the use of Pipeline
Embolization Devicein small(<2.5mm) cerebral vesselsforaneurysmtreatment: singleinstitution
experience. Neuroradiology. 2016;58(3):267-275.

Simon S, Koyama T, Cheng J, Mericle R. Incidence of clipping and coiling procedures: aneurysm
treatment of Medicare patients, 1996-2006. AANS Neurosurgeon. 2011;20(1):16-31.

Brinjikji W, Rabinstein AA, Lanzino G, Kallmes DF, Cloft HJ. Effect of age on outcomesof treatment
of unruptured cerebral aneurysms: astudy of the National Inpatient Sample 2001-2008. Stroke;
a journalof cerebral circulation. 2011;42(5):1320-1324.

Jalbert JJ, Isaacs AJ, Kamel H, Sedrakyan A. Clipping and Coiling of Unruptured Intracranial
Aneurysms Among Medicare Beneficiaries, 2000to 2010. Stroke; a journalof cerebralcirculation.
2015;46(9):2452-2457.

Medtronic Controlled Information

This document is electronically controlled 056-F275, v A Clinical Investigation Plan Template



ADVANCE Clinical Investigation Plan

PR-NV16099

Version C

Page 141 of 144

17.Version History

Version Summary of Changes Author(s)/Title
RevA NotApplicable, New Document Harsh Sancheti, Medical Writing
Manager
RevB Changesto Schedule of Events based on FDA Harsh Sancheti, Medical Writing
Feedback Manager
RevC See table below “ChangesinRev C”. Maunil Desai, Medical Writer

ChangesinRev C

Sections Affected

Change in the Protocol

Rationale

Section 4.3, Section
5.1.1,
Throughoutthe CIP

Addition of primary
effectiveness endpointto
the study

Pipeline™Vantage, anew generation
Pipeline™device, is being studied under
IDE G170234. Thus, the studyisbeing
modified to be an effectiveness and safety
study.

Section13

Changesto sample size and
statistical considerations

Addition of primary effectiveness endpoint
to the study required changes to Statistical
Design and Methods section.

Coverpage, Section
14.2 and section 11.2

Addition of Local Sponsor—
Canada and Health Canada
specificrequirements
including ethics committee.

ADVANCE study will have centersin
Canada and therefore Local Sponsorand
ethics committee were updated to comply
with Health Canadaregulations.

Glossary and Table 9-1

mRS certified independent
assessor

mRS certified independent assessor
defined and certification requirements
specified

Throughoutthe CIP

“Groin puncture” changedto
“puncture at arterial access
site”

CIP modified to ensure access to arterial
vasculature is site-neutral

Throughoutthe CIP,
specifically Section 7

Pipeline™Shield device
replaced with Pipeline™
Vantage device

Pipeline™Vantage, anew generation
Pipeline™device, is being studied under
IDE G170234.

Throughoutthe CIP

Any mention of
“recanalization” with respect
to the study changedto
“recurrence”

Consistentand uniform usage of asingle
term “recurrence” to describe initial
complete aneurysmal occlusion followed
by incomplete occlusion at follow-up
exam.
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Section4 Added additional Background section modified to provide
information aboutclinical additional dataregarding the use of
experience with Pipeline™ Pipeline™group of devices
group of devices
Section 6.2 Study rationale Study rationale modified since Pipeline™
Vantage, a new generation Pipeline™
device, isbeingstudied under IDE
G170234.
Section 10.1 Potential Risks Potential Risks revised as per comments
by FDA.
Section 11.2 Reporting of adverse events| Adverse eventscan be reported

electronicallyaswell.

Section12.2.4

Stenosis grading scale

Changedto “CTA” from
“MRA” imaging

Since there is a separate category for “no
stenosis”, 1st category of grading scale
beginsat 1-25%.

Revision as per comments by FDA.

Section9 (Table 9-1,
Sections9.2.4, 9.6,

Visitand Assessment
Schedule table, 180-day

Definedthe timepoint from which
assessment of adverse events will begin

9.9.2,9.9.6) imagingand follow-up visits| and revisions as percomments by FDA.
Coverpage Sponsor changed from Micro Therapeutics, Inc.d/b/aev3
“MedtronicNeurovascular”| Neurovascular(awholly owned subsidiary
to “Micro Therapeutics, Inc.| of Medtronic) manufacturesthe Pipeline™
d/b/aev3 Neurovascular(a Vantage device.
wholly owned subsidiary of
Medtronic)”
Section 15.6 Addedtext Added language for compliance with data
privacy laws.
Section 8.4 Exclusion criteria In the exclusion criteria, one criterion was
splitintotwo for more clarity.
As percomments by FDA, added exclusion
criteria#20 and #33 and added
clarifications to the exclusion criteria #13.
Section 9.9 1-yearfollow up Clarification was added to ensure clinical

follow up forsubjects with failed device
implant.
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2-yearand 3-yearfollowup | Clarification was added regarding
evaluations pregnancy testfor2-year and 3-year
follow-up visits.

Section 15.1 Steering committee Change made to align with Steering
committee charter
Section 7.7 and 10.2 RequirementforPhysicians | Clarified that physicians who are

responsible forimplanting the study
device, Pipeline™ Vantage, need to self-
attestto having completed a minimum of
20 cases with Pipeline™ Flex Embolization

Device.
Section9.5.1, Table 9-| Ancillary devices’ details Added Table 9-2 that provides compatible
2 microcathetersizesforPipeline™ Vantage.

Also, added textregarding ancillary
devicesingeneral.

Section12.2.1 Physician Screening Added that Physician Screening
Committee Committee will be responsiblefor
determining subject eligibility in the study.

Section 15.2 Site selection requirement Removed physician-specificrequirement
fromthe list of requirements forclinical
sites.

Appendix Section 18.1| Centerfor Medicare and Evidence provided regarding effect on

Medicaid Services (CMS) IDE| Medicare beneficiaries

Study Criteriaadded
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18. Appendices

18.1. Appendix|: Center for Medicare and Medicaid Services (CMS) IDE Study Criteria

Medicare beneficiaries may be affected by the device. Given the increasing percentage of the U.S.
populationthat will qualifyfor Medicare inthe coming decade as wellas the four times higher prevalence
of intracranial aneurysms among older adults, the trend toward an increasing number of endovascular
procedures is very likely to continue.?®* Between 1996 and 2006, endovascular treatment of cerebral
aneurysmsincreased from 20.1% to 67.0% per Medicare CPT codes.?%! Inthe PUFs study (Section4.2.2) a
total of 26.7% (30/114) of subjects enrolled were >65years old. This percentage is consistent with a study
by Brinjikji et al?®2 which found that between 2001 and 2008, from among the 34,054 patients >50 years
old who underwent coiling of intracranial aneurysms, 29.3% (9,987) were > 65 years old. The rate of
Medicare beneficiaries undergoing coiling in cases of unruptured intracranial aneurysm increased almost
15-fold between 2000 and 2010.2%3 Study results are expected to be generalizable within the Medicare
beneficiary population based on the prevalence of unruptured intracranial aneurysm in patients age 65
and older.
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