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(57) Abstract: The invention relates to a
thrombectomy device having a substantially
cylindrical stent structure (1). The stent structure
comprises a plurality of meshes (3, 4) and also two
connectors (5, 5') that are disposed at different
meshes (3) at the proximal end of the stent structure
(1). The device also has a guide wire (2), which
comprises a coupling element (11) to which the
connectors (5, 5') are coupled, and a slit (7), which
extends helically over the lateral [ace (8) ol the stent
structure (1), and a tensioning clip (9) that spans the
slit (7) at the proximal end.

(57) Zusammenfassung: Die Erfindung betri(lt eine
Thrombektomievorrichtung mit einer im
Wesentlichen zylindrischen Stentstruktur (1), die
eine Vielzahl von Maschen (3, 4) autweist sowie
zwei Verbinder (5, 5", die an verschiedenen
Maschen (3) am proximalen Ende der Stentstruktur
(1) angeordnet sind und einem Fithrungsdraht (2),
der ein Kopplungselement (11) aufweist, an das die
Verbinder (5, 5') angekoppelt sind sowie einem
Schlitz (7), der sich wendclformig  iber dic
Mantelfldche (8) der Stentstruktur (1) erstreckt und
einem Spannbiigel (9) der am proximalen Ende den
Schlitz (7) iiberspannt.

IMPERATIVE Ex. 1002
IPR Petition - US 11,697,012
[PART 6 OF 6]
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Thrombektomievorrichtung

Die Erfindung betrifft eine Thrombektomievorrichtung mit einer im Wesentlichen
zylindrischen Stentstruktur, die eine Vielzahl von Maschen aufweist sowie zwei
Verbinder, die an verschiedenen Maschen am proximalen Ende der
Stentstruktur angeordnet sind und einem FlUhrungsdraht, der ein
Kopplungselement aufweist, an das die Verbinder angekoppelt sind. Die
Thrombektomievorrichtung ist insbesondere dafir bestimmt, Thromben im
zerebralen Bereich, wie sie haufig bei Schlaganfallen zu finden sind, fur den
Patienten schonend und zuverlassig zu entfernen.

Thromboembolische Erkrankungen wie Herzinfarkt, Lungenembolie, periphere
Thrombose, Organembolien, etc. werden typischerweise durch einen
Thromboembolus (im Folgenden kurz: Thrombus), also einem viskoelastischen
Blutklumpen aus Blutplattchen, Fibrinogen, Gerinnungsfaktoren etc., ausgeldst,
der sich in einem Blutgefal} festgesetzt hat und diese ganz oder teilweise
verschlie3t. Der Verschluss von Organarterien fihrt dabei zu einer
Unterbrechung der Versorgung des abhangigen Gewebes mit Sauerstoff und
Nahrstoffen. Der Storung des Funktionsstoffswechsels mit Funktionsverlust folgt
innerhalb kurzer Zeit das Erliegen des Strukturstoffwechsels mit dem Untergang
des betroffenen Gewebes (Infarkt). Die haufigsten hiervon beim Menschen
betroffenen Organe sind das Herz und das Gehirn. Solche Verdnderungen
betreffen aber auch die Extremitatenarterien und die Lungenarterien. Venose
Thrombosen und thromboembolische Verschlisse kommen auch gehauft in den
Bein- und Beckenvenen vor. Das Krankheitsbild eines thrombotischen
Verschlusses eines intrakraniellen Sinus kann durch die Stdérung der vendsen
Drainage des Hirngewebes zu schweren Hirnblutungen fihren.

-4428-
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Angesichts der Schwere der durch Thromboembolien ausgeldsten
Krankheitsbilder und der Haufigkeit dieser Erkrankungen sind verschiedene
Techniken zur Aufiésung oder Entfernung von Thromben bekannt.

So ist es bekannt, solche Patienten mit thrombolytischen Mitteln wie
Streptokinase oder Urukinase oder mit Antikoagulantien zu behandeln, was der
Thrombolyse oder der Eindammung des Thrombenwachstums dient. Da diese
Behandlungsmethoden meist zeitintensiv sind, werden sie oftmals mit Methoden
kombiniert, die der medizinischen Zerkleinerung oder Entfernung des Thrombus
bzw. Embolus dienen.

Neben offenen chirurgischen Eingriffen kommen im Stand der Technik
zunehmend transluminale bzw. endovaskulare Katheter-gefuhrte interventionelle
Therapieformen zum Einsatz, da diese weniger invasiv sind. So ist es bekannt,
den Thrombus mittels Unterdruck erzeugenden Saugkathetern oder mechanisch
mit Kathetern, welche mit Fangkodrben, Wendeln, Haken oder dergleichen
versehen sind, aus dem Korper des Patienten zu entfernen, siehe US 6,245,089
B1; US 5,171,233 A1, Thomas E. Meier et al., Stroke 2002 (9) 2232.

Der Nachteil thrombolytischer Behandlungsmethoden liegt darin, das sie nach
Ablauf des Zeitfensters nur noch selten Erfolg haben. Auch die bekannten
transluminalen Vorrichtungen kénnen einen Thrombus haufig nicht vollstandig
entfernen, wobei auch die Gefahr besteht, dass der Thrombus oder Fragmente
davon freikommen und im Blutstrom zu kleinlumigeren Gefallen verfrachtet
werden, wo sie schwerer zu erreichen und zu behandeln sind. Des Weiteren
eignen sich die im Stand der Technik bekannten Vorrichtungen aufgrund ihrer
Dimensionen und/oder geringen Flexibilitaten nur ungeniigend zur Entfernung
von Thromben aus besonders kleinlumigen oder stark gewundenen Gefalien,
wie denen des Gehirns.

Aus der WO 2004/008991 A1 ist ein medizinisches Implantat in Form eines
offenen Stents bekannt, das zur Behandlung von Aneurysmen und anderen
vaskularen Fehlbildungen bestimmt ist. Dieses Implantat wird mit Hilfe eines
Fahrungsdrahts zum Einsatzort gefuhrt und dort abgelést. Es wurde
vorgeschlagen, diese Kombination aus Implantat und Fihrungsdraht zur
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Extraktion von Thromben einzusetzen, wobei naturgemall die Abldsung des
Implantatteils vom FUhrungsdraht unterbleibt. Nachteil dieser Konstruktion aus
Implantat und Fuhrungsdraht ist allerdings eine relativ geringe Spann- oder
Federkraft. Das Konstrukt entfaltet eine nicht immer ausreichende Scherwirkung
auf den in der GefaBwandung sitzenden Thrombus, so dass Reste im Gefal}
verbleiben. Die Anbindung an den Fihrungsdraht Gber eine sich verjingende
Struktur (Trane) fuhrt insbesondere zu einer Verschlankung des proximalen
Bereichs der Struktur unter Zug, die der Effizienz des Konstrukts entgegensteht.

Angesichts der mit dem Stand der Technik verbundenen Nachteile besteht die
Aufgabe der Erfindung in der Bereitsteliung einer Vorrichtung zur Entfernung
von Fremdkorpern und Thromben aus Blutgefaf3en, welche insbesondere die
Entfernung von Thromben aus kleinlumigen Gefalen erlaubt und dabei tber
eine gute Manovrierfahigkeit in stark gewundenen Gefaflen aufweist und Gber
eine grolRe Wirkflache verfugt.

Diese Aufgabe wird erfindungsgemaf® mit einer Vorrichtung der eingangs
genannten Art gelost, die Uber einen sich wendelféormig uber die Mantelflache
der Stentstruktur erstreckenden Schlitz verfugt, fir welchen am proximalen
Ende der Stentstruktur von einem Spannbugel Uberspannt ist.

Die erfindungsgemafe Vorrichtung besteht aus einer zylinderischen Struktur,
wie sie auch Stents aufweisen, mit einer Vielzahl von Maschen. Sie ist Uber zwei
Verbinder mit einem Fuhrungsdraht verbunden, der die prazise Platzierung
erlaubt. Die Verbinder sind am proximalen Ende in einer Maschenstruktur
angeordnet und enden in einem Kopplungselement, das seinerseits das distale
Ende des Fuhrungsdrahts darstellt.

Der hier gebrauchte Begriff ,proximal* bezeichnet die zum behandelnden Arzt
weisende Seite, ,distal® dagegen die vom Arzt wegweisende Seite,
beispielsweise der Stentstruktur oder des Fuhrungsdrahts.

Die Maschenstruktur des Stents kann eine geflochtene Struktur sein, d. h. aus
einzelnen Drahten bestehen, ist aber vorzugsweise eine geschnittene Struktur,
bei der aus einem Rohr geeigneten Durchmessers mit Hilfe eines Lasers die
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Maschenstruktur herausgeschnitten wird. Das Material ist in der Regel ein
Metall, kann aber auch ein Kunststoff sein. Es muss Uber eine hinreichende
Elastizitat verfugen, die eine Kontraktion auf den Durchmesser eines ublichen
Katheters erlaubt und andererseits bei der Freisetzung aus dem Katheter die
Expansion auf den gewlnschten und vorgegebenen Durchmesser.

Als Stentmaterialien kommen neben Eisenlegierungen (Edelstahl, Federstahl)
und Kobalt-Chrom-Legierungen insbesondere Formgedachtnislegierungen in
Frage, etwa binadre Nickel-Titan-Legierungen (Nitinol) und ternare Nickel-Titan-
Chrom-Legierungen (Chrom-dotierte Legierungen). Insbesondere Nitinol ist flr
die Anwendung in selbstexpandierenden Stentstrukturen im neurovaskularen
Bereich bekannt.

Die erfindungsgemafRe Vorrichtung ist im Prinzip eine flachige Struktur, die zu
einem rohrférmigen Gebilde gerolit ist und einen Schlitz aufweist, der sich
wendel- oder helixformig Uber die Mantelflache der Stentstruktur erstreckt.
Dieser Schlitz kann dabei eine vollstindige Wendel von 360° darstellen, aber
auch eine nur partielle von beispielsweise etwa 180° oder 120°. Die
Mantelflaiche der Stentstruktur klafft im Bereich dieses Schlitzes auf, wobei die
Breite des Schlitzes am Einsatzort jeweils auch vom Lumen des GefiRes
bestimmt wird, da sich die Stentstruktur nach der Freisetzung aus dem Katheter
nur so weit entfalten kann, wie es das Gefalllumen zulasst.

Um die Stentstruktur zum einen raumlich zu fixieren und andererseits mit einer
gewissen Spannung zu versehen, erstreckt sich am proximalen Ende der
Stentstruktur ein Spannbligel uber den Schlitz. -Der Spannbligel erhoéht die
Radialkraft der selbstexpandierenden Struktur, dient aber auch dazu, die
einander gegenuberliegenden Kanten der Stentstruktur entlang des Schlitzes in
ihrer Position zueinander festzuhalten.

Die erfindungsgemafle Thrombektomievorrichtung kann Uber dem proximalen
Spannblgel hinaus weitere Spannbigel im zentralen und distalen Bereich
aufweisen. Bei Verwendung von Formgedachtnismaterialien mit hinreichender
Vorspannung kann aber auch auf jeglichen Spannbligel verzichtet werden.
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Die erfindungsgeméafe Thrombektomievorrichtung wird so eingesetzt, dass sie
mittels eines Katheters an den Einsatzort verbracht wird und dort entweder im
Thrombus selbst oder distal vom Thrombus freigesetzt wird. Die Vorrichtung
expandiert im Gefall und passt sich an das GefalBlumen an. Entweder schon
beim Aufspannen oder beim Zuriickziehen verfangt sich das Thrombusmaterial
in der Maschenstruktur und wird beim Zuruckziehen der Vorrichtung in den
Katheter mitgenommen. An der GefalRwand anhaftende Teile des Thrombus
werden durch die Scherwirkung der Maschen und der Kanten entlang des
Schlitzes mitgenommen. Der Thrombus wird in den Katheter eingezogen und
mit dem Katheter aus dem Koérper entfernt.

Bei der Extraktion des Thrombus hat der wendelformige Verlauf des Schlitzes
uber die Mantelflache den besonderen Vorteil, dass die Kanten der Stentstruktur
entlang des Schlitzes bei Zug tangential entlang des Umfanges der
Gefalwandung wandern. Dies verbessert die Scherwirkung. Gleichzeitig
verbessert (vermindert) sich durch den wendelférmigen Verlauf die
Biegesteifigkeit dergestalt, dass eine bessere Anpassung an kurvige Gefialle
mdglich ist. Dies erleichtert sowohl die Platzierung als auch die Extraktion von
Thromben aus komplexen Gefaldstrukturen.

Der proximale Bulgel verbessert den Radialkraftverlauf der Stentstruktur im
proximalen Bereich. Insbesondere vermindert der Bligel eine Verschlankung der
Stentstruktur und der Zugbelastung, wie sie beim Einziehen in den Katheter
auftritt. Gleichzeitig wird eine zusatzliche Schalwirkung erreicht, wie sie auch
von den Maschen und Kanten der Stentstruktur ausgeibt wird.

Von Bedeutung ist aber insbesondere die Verbesserung der Aufspannkraft im
proximalen Bereich, die eine optimale Anpassung der Stentstruktur an das
Gefallumen ermoglicht. Gleichzeitig werden die vom Schlitz voneinander
getrennten Bereiche des Stents daran gehindert, sich gegeneinander zu
verschieben.

Um ein problemloses Einziehen der Stentstruktur mit dem Blgel in den Katheter
zu ermoglichen, weist der Spannbigel zum distalen Ende der Stentstruktur hin.
Dies bedeutet, dass der Bogen des Blugels nach distal geschlossen ist, dagegen
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nach proximal zusammen mit den Verbindern eine Schlaufe bildet, die im
Kopplungselement zusammenl&uft, dhnlich der Offnung eines Fangkorbs.

Gemall einer Variante kann die erfindungsgemaRe Stentstruktur am distalen
Ende durch eine Maschenstruktur verschlossen sein, so dass sich
thrombotisches Material darin wie in einem Fangkorb sammelt

Wie schon festgestellt, wird die erfindungsgemale Stentstruktur vorzugsweise
aus einem zylindrischen Rohr mit Hilfe eines Lasers geschnitten. Dies erlaubt
es, den einzelnen Maschen einen besonderen Querschnitt zu verleihen,
beispielsweise quadratisch, rechteckig oder trapezférmig. Bei den rechteckigen
und trapezformigen Ausfihrungsformen kann zum einen die schmale Seite des
Querschnitts an der Aufienflache liegen, zum anderen die lange Seite.
Bevorzugt ist es, dass die schmale Seite sowohl des Rechtecks wie
insbesondere des Trapezes zur Gefallwand weist, was ein leichteres Eindringen
des Thrombus in die Maschenstruktur ermdglicht und die gute Verdrangung des
Thrombusmasse bei der Expansion der Stentstruktur erlaubt.

Die am proximalen Ende der Stentstruktur angeordneten Verbinder fiihren von
an den Schlitz angrenzenden proximalen Waben zu einem Kopplungselement,
in dem sie zusammengefuhrt sind. Sie sind Teile der Stentstruktur und bestehen
deshalb aus dem gleichen Material.

Der Fuhrungsdraht der erfindungsgemafiien Thrombektomievorrichtung ist ein
ublicher Fuhrungsdraht, wie er fur endovaskulare und insbesondere
neuroradiologische Zwecke eingesetzt wird. Er endet distal in dem
Kopplungselement, das seinerseits die proximalen Enden der Verbinder
aufnimmt.

Das Kopplungselement selbst kann ein einfacher Schweil}punkt sein, in dem
Flhrungsdraht und Verbinder zusammengefiuhrt sind. Es kann weiterhin aber
auch ein Ubliches Kopplungselement sein, das die Freisetzung der zylindrischen
Stentstruktur erlaubt, die insbesondere dann geboten ist, wenn eine Rickholung
aus medizinischen Grunden nicht angezeigt ist, beispielsweise weil sie zu
Schaden beim Patienten fuhren wiirde. In diesem Fall kann die Stentstruktur als
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Stent im Korper verbleiben und ihre Wirkung dadurch entfalten, dass sie im
Thrombus einen Kanal ausbildet; der Thrombus wird durch die Maschenstruktur
an die Gefallwand gepresst.

Fur letzteren Fall ist das Kopplungselement beispielsweise ein mechanisches
Kopplungselement, das geeignet ist, bei Austritt aus dem Katheter die Verbinder
freizusetzen. Zahlreiche solcher Systeme sind in der Fachliteratur beschrieben.
Ebenfalls beschrieben sind hydraulische Ablosesysteme. Besonders geeignet
sind elektrolytische Ablésungssysteme, bei denen ein elektrolytisch
korrodierbares Teil durch Stromeinwirkung aufgeldst wird und die Verbindung
zwischen Stentstruktur und Fuhrungsdraht durchtrennt. GemaR einer ersten
Variante kann das Kopplungselement als solch ein elektrolytisch auflésbares
Teil gestaltet sein, gemal} einer zweiten Variante sind die Verbinder mit einer
solchen Ablosestelle bzw. einem separaten Abloseelement versehen, das sich
bei Stromeinwirkung auflost. Geeignet als Abloseelemente sind vorkorrodierte
Edelstahlelemente, Magnesiumelemente oder Kobalt-Chrom-Legierungen.
Solche Systeme sind in der Literatur beschrieben.

Bei der Gestaltung des proximalen Bereichs der zylindrischen Stentstruktur ist
eine kurze Ausfiihrung der Verbinder bevorzugt. Der Weg zwischen proximalem
Ende der Maschenstruktur und Kopplungselement soll kurz gehalten werden.
Dies verkurzt zum einen die ungenutzte Lange der Vorrichtung und erho6ht
andererseits die Spannung in der mit dem Spannblgel gebildeten Fangschlinge
am proximalen Ende der Struktur.

Gemall einer besonderen Ausflihrungsform kann der distale Bereich der
zylindrischen Stentstruktur kegelférmig oder trompetenférmig aufgeweitet sein,
um in diesem Bereich eine gute Anpassung an das GefalBlumen zu
ermoglichen. Bei der Extraktion von Thromben aus einem Gefa kommt es auf
einen maoglichst grollen Wirkbereich an, d. h. auf den Kontakt der Mantelflache
mit der Gefallwand. Je groRer die Kontaktflache, desto gréfer die Chance, den
Thrombus vollstandig zu entfernen.
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Fuhrungsdraht und/oder Stentstruktur kénnen in Ublicher Weise mit Markern
versehen sein, die rontgendicht sind, beispielsweise in Form von Spiralen oder
Manschetten.

Die Erfindung wird durch die beiliegenden Abbildungen né&her erldutert. Es
zeigen:

Figur 1 in flachiger Darstellung eine erste Variante
der erfindungsgemafien Stentstruktur;

Figur 2 eine raumliche Darstellung der
Stentstruktur von Figur 1;

Figur 3 eine flachige Darstellung einer zweiten
Variante einer erfindungsgemafien
Stentstruktur;

Figur 4 eine raumliche Darstellung der

Stentstruktur von Figur 3 mit
angekoppeltem Fuhrungsdraht;

Figur 5 eine perspektivische Darstellung einer
erfindungsgemafien Stentstruktur mit zwei
Verbindern;

Figur 6 eine Darstellung der Stegquerschnitte der

Stentstruktur und

Figur 7 eine  schematische Darstellung der
erfindungsgemalien
Thrombektomievorrichtung.

Figur 1 und 3 zeigen zwei Varianten einer erfindungsgeméafien zylindrischen
Stentstruktur 1 mit den einzelnen Maschen 3 und 4 und den Verbindern 5 und
5’. Die Maschen 3 und 4 sind von zwei verschiedenen Typen, die einen (3)
haben eine Wellenform, die anderen (4) eine bauchige Form mit zwei Spitzen.
Im Zusammenwirken geben diese beiden Formen der Gesamtstruktur sowohl
Stabilitat als auch Flexibilitat.
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In der flachigen Darstellung der Abbildungen 1 und 3 verlauft durch die
Stentstruktur ein Schlitz oder Kanal 7, der am proximalen Ende der Struktur von
dem Spannblgel 9 uberbrickt wird. Der Schlitz 7 wird begrenzt durch die
Seitenflachen 10 und 10’ der Maschenstruktur. Der Schlitz 7 verlauft nicht
parallel zur Langsachse der Struktur sondern schrag zur Langsachse, was sich
in der raumlichen Darstellung als wendelférmiger Verlauf entlang der
Mantelflache (siehe Figur 2/4) darstellt.

Die Darstellung in Figur 1 und 3 ist eine flachige Darstellung der
aufgeschnittenen Stentstruktur 1; die raumlichen Darstellungen sind in Figur 2
und 4 wiedergegeben. In der flachigen Darstellung grenzen die Maschen 3
unmittelbar an die Maschen 3’ dergestalt, dass sich ein insgesamt rohrférmiges
Gebilde mit in etwa halb um die Mantelflache 8 umlaufendem Schlitz oder
Kanal 7 ergibt.

Die Varianten von Figur 1 und 3 unterscheiden sich in der Form der Verbinder 5
und 5, die im Falle von Figur 3 langer ausgebildet sind und in einem
Kopplungselement 11 zusammengefihrt sind (siehe Figur 4). Das
Kopplungselement 11 kann beispielsweise ein elektrolytisch korrodierbares
System sein, das es erlaubt, die Stentstruktur 1 vom Fihrungsdraht 12
abzulosen (siehe Figur 4). In der Variante gemafl Figur 2 konnen zwei
Abldseelemente 6, 6’ zur elektrolytischen Ablésung vorgesehen sein.

Beiden Ausfuhrungsformen ist gemein, dass der Schlitz 7 von dem Biigel 9
Uberbruckt wird. Der Bigel 9 selbst setzt an den Randern 10, 10’ des
Maschenkonstrukts liegenden Waben an und weist mit seinem Bogen zur
distalen Seite der Stentstruktur. Dies erlaubt das problemlose Einziehen der
Stentstruktur in einen Katheter. Mit den angrenzenden Verbindern 5 und 5’
bildet der Spannbogen 9 eine im Kopplungselement 11 (Figur 4)
zusammenlaufende Fangschlaufe bzw. Offnung eines Fangkorbs. Hierzu kann
das distale Ende der Stentstruktur ebenfalls mit einer Maschenstruktur
verschlossen sein.

In den Darstellungen von Figur 2 und 4, die die raumliche Wiedergabe der
Stentstrukturen von Figur 1 und 3 sind, sind die auf der Ruckseite liegenden
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Stege der Stentstruktur hell dargestelit. Zu erkennen ist der am proximalen Ende
der Struktur unter dem Spannbogen 9 durchlaufende Schlitz 7, der sich zur
rechten Seite hin um die Mantelflache 8 der Stentstruktur windet. Der Schlitz 7
endet distal auf der Unterseite der Stentstruktur 1 und beschreibt damit eine
Drehung um etwa 180°.

Figur 5 zeigt die raumliche Darstellung einer erfindungsgemafen Stentstruktur,
wobei die Verbinder 5 und 5’ mit einwarts gerichteten Haken versehen sind, die
in eine entsprechende Aufnahme eines Kopplungselements 11 eines
Fuhrungsdrahts 12 eingreifen. Solange sich das Kopplungselement mit dem
proximalen Ende der Verbinder 5 und 5 in einem Katheter befindet, ist die
Stentstruktur 1 an den Fihrungsdraht gekoppelt. Bei Herausschieben aus dem
Katheter erlischt die Verbindung zwischen den Verbindern 5, 5 und dem
Kopplungselement 11 und die Struktur ist als Stent zum Verbleib im
Gefallsystem freigesetzt. Die Abkopplung wird aber nur in besonderen
(Not)Fallen stattfinden, etwa wenn die Vorrichtung nicht ohne weiteres wieder in
den Katheter zuriickgezogen werden kann.

Deutlich zu erkennen in Figur 5 ist die Schlaufenstruktur aus Bogen 9 und
Verbindern 5, 5 und der Verlauf der Stege 12 der Stentstruktur entlang der
Mantelflache 8, die mit ihrem Kanten dazu dienen, auf das zu entfernende
Thrombusmaterial einzuwirken und dieses von der GefalRwand abzuscheren.

Figur 6 zeigt die beiden bevorzugten Ausfiihrungsformen von den Stegen 12 mit
rechteckigem und trapezformigem Querschnitt, wobei die schmale Seite jeweils
zur Mantelfliche 8 der Stentstruktur 1 bzw. zur GefalBwand 13 zeigt. Diese
Ausfuhrungsvarianten gewabhrleisten die notwendige Stabilitat  des
Maschennetzes einerseits und eine gute Scher- und Verdrangungswirkung auf
den Thrombus andererseits.

Figur 7 zeigt schematisch den Aufbau einer erfindungsgemallem
Thrombektomievorrichtung mit dem Fihrungsdraht 12, dem Kopplungselement
11, dem Bereich der proximalen Anbindung mit den Verbindern 5, 5’, dem
Wirkbereich mit der Mantelflache 8 und dem distalen Bereich 13 mit einer
trompetenformigen Erweiterung.
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In den Abbildungen stellen gleiche Bezugszeichen gleiche Sachverhalte dar.
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Patentanspruche

1. Thrombektomievorrichtung mit

einer im Wesentlichen zylindrischen Stentstruktur (1), die eine Vielzahl
5 von Maschen (3, 4) aufweist sowie zwei Verbinder (5, 5’), die an verschiedenen
Maschen (3) am proximalen Ende der Stentstruktur (1) angeordnet sind und

einem Flhrungsdraht (2), der ein Kopplungselement (11) aufweist, an
das die Verbinder (5, 5') angekoppelt sind,

gekennzeichnet durch einen Schlitz (7), der sich wendelférmig Gber die
10  Mantelflache (8) der Stentstruktur (1) erstreckt und einen Spannbiigel (9), der
am proximalen Ende der Stentstruktur (1) den Schlitz (7) uberspannt.

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass sie
aus einem Formgedachtnismaterial besteht, vorzugsweise aus Nitinol oder einer
Nickel-Titan-Chrom-Legierung.

15 3. Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet,
dass der Spannblgel (9) mit seinem Bogen zum distalen Ende der Stentstruktur

(1) weist.
4, Vorrichtung nach Anspruch 3, dadurch gekennzeichnet, dass der

Spannbigel (9) und die Verbinder (5, 5’) eine Schlaufe bilden, die im
20 Kopplungselement (11) zusammenlauft.
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S. Vorrichtung nach einem der vorstehenden Anspriche, dadurch
gekennzeichnet, dass sie einen oder mehrere weitere Bligel (9) im zentralen
und/oder distalen Teil der Stentstruktur (1) aufweist.

6. Vorrichtung nach einem der vorstehenden Anspriche, dadurch
gekennzeichnet, dass die Stentstruktur (1) aus einem Rohr geschnitten ist und
rechteckige oder trapezformige Stegquerschnitte aufweist.

7. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass die
Stegquerschnitte mit ihrer schmalen Seite die Mantelflache (8) der Stentstruktur
(1) bilden.

8. Vorrichtung nach einem der vorstehenden Anspriuche, dadurch
gekennzeichnet, dass die Stentstruktur (1) mechanisch, hydraulisch oder
elektrochemisch vom Fuhrungsdraht (2) ablosbar ist.

9. Vaorrichtung nach Anspruch 8, dadurch gekennzeichnet, dass das
Kopplungselement (11) als Abloseelement ausgebildet ist.

10.  Vorrichtung nach Anspruch 8, gekennzeichnet durch zwei
Abldsestellen, vorzugsweise mit elektrochemischer Ablosung.

11.  Vorrichtung nach einem der vorstehenden Anspriche, dadurch
gekennzeichnet, dass das Kopplungselement (11) peripher angeordnet ist.

12. Vorrichtung nach einem der vorstehenden Anspriche, dadurch
gekennzeichnet, dass das distale Ende der Stentstruktur (1) kegelig oder
trompetenférmig aufgeweitet ist.

13. Vorrichtung nach einem der vorstehenden Anspriiche,
gekennzeichnet durch Markerelemente.



PCT/EP2011/005817

WO 2012/065748

1/3

-4441-



WO 2012/065748 PCT/EP2011/005817

2/3

-4442-



WO 2012/065748 PCT/EP2011/005817
3/3

Proximale Wirkbereich Distaler Bereich
Anbindung
14
{
/v § A3
12 5. S 8

TF(&-:('

‘ Rechteckiger Steg l

Trapez-Steg

Gefilwand



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/005817

INV.
ADD.

A. CLASSIFICATION OF SUBJECT MATTER

A61B17/221 A61F2/90

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B AG61F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 20097105710 A1l (MICRO THERAPEUTICS INC 1-13
[US]; SLEE EARL HOWARD [US]:; WILDER THOMAS
II1) 27 August 2009 (2009-08-27)

page 10, line 6 - page 7, line 16; figures
1-13

page 9, line 3 - Tine 14

page 13, Tine 5 - page 14, line 25

US 5 618 299 A (KHOSRAVI FARHAD [US] ET 1-13
AL) 8 April 1997 (1997-04-08)

column 5, Tine 7 - line 28; figure 13
WO 2007/089897 A2 (CLEVELAND CLINIC 1
FOUNDATION [US])

9 August 2007 (2007-08-09)

page 16, 1ine 5 - page 18, line 13;
figures 8a-d

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international X" document of particular relevance; the claimed invention
filing date y

* Special categories of cited documents :

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 February 2012 01/03/2012
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Moers, Roelof

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/005817

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 20057094477 A2 (ANGIOSCORE INC [US];
KONSTANTINO EITAN [US]; FELD TANHUM [IL];
TZORI N) 13 October 2005 (2005-10-13)
abstract; figures 1-24

US 2005/246008 Al (HOGENDIJK MICHAEL [US]
ET AL) 3 November 2005 (2005-11-03)
paragraph [0030] - paragraph [0034];
figure 1

US 5 980 552 A (PINCHASIK GREGORY [IL] ET
AL) 9 November 1999 (1999-11-09)

column 3, Tine 30 - 1ine 60; figure 2c

US 5 904 698 A (THOMAS THOMAS P [US] ET
AL) 18 May 1999 (1999-05-18)

column 5, Tine 41 - column 7, line 15;
figures 1, 2

1

1,6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/005817
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2009105710 Al 27-08-2009 AU 2009217354 Al 27-08-2009
CA 2716260 Al 27-08-2009
CN 102014772 A 13-04-2011
EP 2254485 Al 01-12-2010
JP 2011512900 A 28-04-2011
KR 20100129298 A 08-12-2010
Us 2011060212 Al 10-03-2011
WO 2009105710 Al 27-08-2009
US 5618299 A 08-04-1997 CA 2121985 Al 24-10-1994
EP 0621017 Al 26-10-1994
JP 7000531 A 06-01-1995
us 5441515 A 15-08-1995
us 5618299 A 08-04-1997
WO 2007089897 A2 09-08-2007 AU 2007211269 Al 09-08-2007
BR PI0707681 A2 10-05-2011
CA 2641249 Al 09-08-2007
EP 1981413 A2 22-10-2008
JP 2009525136 A 09-07-2009
WO 2007089897 A2 09-08-2007
WO 2005094477 A2 13-10-2005 EP 1740105 A2 10-01-2007
JP 4839307 B2 21-12-2011
JP 2007530158 A 01-11-2007
WO 2005094477 A2 13-10-2005
US 2005246008 Al 03-11-2005 EP 1755486 A2 28-02-2007
JP 2007535365 A 06-12-2007
US 2005246008 Al 03-11-2005
US 2005246010 Al 03-11-2005
US 2006004438 Al 05-01-2006
WO 2005110284 A2 24-11-2005
US 5980552 A 09-11-1999  US 5980552 A 09-11-1999
us 6059811 A 09-05-2000
us 6508834 Bl 21-01-2003
US 2003195616 Al 16-10-2003
US 5904698 A 18-05-1999  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONALER RECHERCHENBERICHT

Internationales Aktenzeichen

PCT/EP2011/005817

A. KLASSIFIZIERUNG DES ANMELDUNGSGEGENSTANDES

INV. A61B17/221 A61F2/90
ADD.

Nach der Internationalen Patentklassifikation (IPC) oder nach der nationalen Klassifikation und der IPC

B. RECHERCHIERTE GEBIETE

Recherchierter Mindestpriifstoff (Klassifikationssystem und Klassifikationssymbole )

A61B AG61F

Recherchierte, aber nicht zum Mindestprifstoff gehérende Verdffentlichungen, soweit diese unter die recherchierten Gebiete fallen

Wahrend der internationalen Recherche konsultierte elektronische Datenbank (Name der Datenbank und evil. verwendete Suchbegriffe)

EPO-Internal

C. ALS WESENTLICH ANGESEHENE UNTERLAGEN

Kategorie* | Bezeichnung der Verdffentlichung, soweit erforderlich unter Angabe der in Betracht kommenden Teile Betr. Anspruch Nr.

Y WO 2009/105710 Al (MICRO THERAPEUTICS INC
[US]; SLEE EARL HOWARD [US]:; WILDER THOMAS
I1I) 27. August 2009 (2009-08-27)

Seite 10, Zeile 6 - Seite 7, Zeile 16;
Abbildungen 1-13

Seite 9, Zeile 3 - Zeile 14

Seite 13, Zeile 5 - Seite 14, Zeile 25

Y US 5 618 299 A (KHOSRAYI FARHAD [US] ET
AL) 8. April 1997 (1997-04-08)

Spalte 5, Zeile 7 - Zeile 28; Abbildung 13
WO 2007,/089897 A2 (CLEVELAND CLINIC 1
FOUNDATION [US])

9. August 2007 (2007-08-09)

Seite 16, Zeile 5 - Seite 18, Zeile 13;
Abbildungen 8a-d

1-13

1-13

_/__

Weitere Verdffentlichungen sind der Fortsetzung von Feld C zu entnehmen Siehe Anhang Patentfamilie

* Besondere Kategorien von angegebenen Veroffentlichungen

"A" Veroffentlichung, die den allgemeinen Stand der Technik definiert,
aber nicht als besonders bedeutsam anzusehen ist

"E" &alteres Dokument, das jedoch erst am oder nach dem internationalen
Anmeldedatum veréffentlicht worden ist

"T" Spatere Veroffentlichung, die nach dem internationalen Anmeldedatum
oder dem Prioritatsdatum veréffentlicht worden ist und mit der
Anmeldung nicht kollidiert, sondern nur zum Versténdnis des der
Erfindung zugrundeliegenden Prinzips oder der ihr zugrundeliegenden
Theorie angegeben ist

"X" Veroffentlichung von besonderer Bedeutung; die beanspruchte Erfindung

"L" Veréffentlichung, die geeignet ist, einen Prioritatsanspruch zweifelhaft er-
scheinen zu lassen, oder durch die das Verdffentlichungsdatum einer
anderen im Recherchenbericht genannten Veréffentlichung belegt werden
soll oder die aus einem anderen besonderen Grund angegeben ist (wie
ausgefuhrt)

"O" Verdffentlichung, die sich auf eine mundliche Offenbarung,
eine Benutzung, eine Ausstellung oder andere MaBnahmen bezieht

"P" Veroffentlichung, die vor dem internationalen Anmeldedatum, aber nach
dem beanspruchten Prioritatsdatum veroffentlicht worden ist

kann allein aufgrund dieser Verdffentlichung nicht als neu oder auf
erfinderischer Tatigkeit beruhend betrachtet werden

"Y" Veroffentlichung von besonderer Bedeutung; die beanspruchte Erfindung
kann nicht als auf erfinderischer Tatigkeit beruhend betrachtet
werden, wenn die Veréffentlichung mit einer oder mehreren anderen
Veréffentlichungen dieser Kategorie in Verbindung gebracht wird und
diese Verbindung fireinen Fachmann naheliegend ist

"&" Veréffentlichung, die Mitglied derselben Patentfamilie ist

Datum des Abschlusses der internationalen Recherche

23. Februar 2012

Absendedatum des internationalen Recherchenberichts

01/03/2012

Name und Postanschrift der Internationalen Recherchenbehérde

Europdisches Patentamt, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Bevollméchtigter Bediensteter

Moers, Roelof

Formblatt PCT/ISA/210 (Blatt 2) (April 2005)

Seite 1 von 2




INTERNATIONALER RECHERCHENBERICHT

Internationales Aktenzeichen

PCT/EP2011/005817

C. (Fortsetzung) ALS WESENTLICH ANGESEHENE UNTERLAGEN

Kategorie*

Bezeichnung der Veréffentlichung, soweit erforderlich unter Angabe der in Betracht kommenden Teile

Betr. Anspruch Nr.

A

WO 20057094477 A2 (ANGIOSCORE INC [US];
KONSTANTINO EITAN [US]; FELD TANHUM [IL];
TZORI N) 13. Oktober 2005 (2005-10-13)
Zusammenfassung; Abbildungen 1-24

US 2005/246008 Al (HOGENDIJK MICHAEL [US]
ET AL) 3. November 2005 (2005-11-03)
Absatz [0030] - Absatz [0034]; Abbildung 1
US 5 980 552 A (PINCHASIK GREGORY [IL] ET
AL) 9. November 1999 (1999-11-09)

Spalte 3, Zeile 30 - Zeile 60; Abbildung
2cC

US 5 904 698 A (THOMAS THOMAS P [US] ET
AL) 18. Mai 1999 (1999-05-18)

Spalte 5, Zeile 41 - Spalte 7, Zeile 15;
Abbildungen 1, 2

1

1,6

Formblatt PCT/ISA/210 (Fortsetzung von Blatt 2) (April 2005)

Seite 2 von 2




INTERNATIONALER RECHERCHENBERICHT

Angaben zu Verbtffentlichungen, die zur selben Patentfamilie gehtren

Internationales Aktenzeichen

PCT/EP2011/005817
Im Recherchenbericht Datum der Mitglied(er) der Datum der
angeftihrtes Patentdokument Veroffentlichung Patentfamilie Veréffentlichung
WO 2009105710 Al 27-08-2009 AU 2009217354 Al 27-08-2009
CA 2716260 Al 27-08-2009
CN 102014772 A 13-04-2011
EP 2254485 Al 01-12-2010
JP 2011512900 A 28-04-2011
KR 20100129298 A 08-12-2010
Us 2011060212 Al 10-03-2011
WO 2009105710 Al 27-08-2009
US 5618299 A 08-04-1997 CA 2121985 Al 24-10-1994
EP 0621017 Al 26-10-1994
JP 7000531 A 06-01-1995
us 5441515 A 15-08-1995
us 5618299 A 08-04-1997
WO 2007089897 A2 09-08-2007 AU 2007211269 Al 09-08-2007
BR PI0707681 A2 10-05-2011
CA 2641249 Al 09-08-2007
EP 1981413 A2 22-10-2008
JP 2009525136 A 09-07-2009
WO 2007089897 A2 09-08-2007
WO 2005094477 A2 13-10-2005 EP 1740105 A2 10-01-2007
JP 4839307 B2 21-12-2011
JP 2007530158 A 01-11-2007
WO 2005094477 A2 13-10-2005
US 2005246008 Al 03-11-2005 EP 1755486 A2 28-02-2007
JP 2007535365 A 06-12-2007
US 2005246008 Al 03-11-2005
US 2005246010 Al 03-11-2005
US 2006004438 Al 05-01-2006
WO 2005110284 A2 24-11-2005
US 5980552 A 09-11-1999  US 5980552 A 09-11-1999
us 6059811 A 09-05-2000
us 6508834 Bl 21-01-2003
US 2003195616 Al 16-10-2003
US 5904698 A 18-05-1999 KEINE

Formblatt PCT/ISA/210 (Anhang Patentfamilie) (April 2005)




2015/061365 A1 {00000 OO0 0000 OO O A

-

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

\

=

30 April 2015 (30.04.2015)

WIPO I PCT

U A0 00 0O 0 0 0
(10) International Publication Number

WO 2015/061365 A1l

(51

21

(22)

(25)
(26)
(30

(71

(72)

International Patent Classification:
A61B 17/22 (2006.01) A6IM 25/01 (2006.01)

International Application Number:
PCT/US2014/061645

International Filing Date:
21 October 2014 (21.10.2014)

Filing Language: English
Publication Language: Lnglish
Priority Data:

61/893,859 21 October 2013 (21.10.2013) us
61/949,953 7 March 2014 (07.03.2014) Us
14/299,997 9 June 2014 (09.06.2014) Us
14/299,933 9 June 2014 (09.06.2014) Us

Applicant: INCEPTUS MEDICAL, LLC [US/US]; 8 Ar-
gonaut, Suite 100, Aliso Viejo, CA 92656 (US).

Inventors: COX, Brian, J.; 3 Novilla, Laguna Niguel, CA
92677 (US). LUBOCK, Paul; 11 Santa Lucia, Monarch
Beach, CA 92629 (US). ROSENBLUTH, Robert; 24161
Cherry Hills Place, Laguna Niguel, CA 92677 (US).
QUICK, Richard; 22970 Bouquet Canyon, Mission

(74)

(81)

(84)

Agents: FOX, Mary, L. et al.; Perkins Coie LLP, P.O.
Box 1247, Seattle, WA 98111-1247 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Viejo, CA 92692 (US). MARCHAND, Philippe; 22276 Fublished:

Anthony Drive, Lake Forest, CA 92630 (US).

with international search report (Art. 21(3))

(54) Title: METIIODS AND APPARATUS FOR TREATING EMBOLISM

260

FIG. 2

203d

(57) Abstract: A device and method for intravascular treatment of an embolisin, and particularly a pulmonary embolism, is disclosed
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METHODS AND APPARATUS FOR TREATING EMBOLISM

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims the benefit of the following applications:

[0002] (a) U.S. Provisional Patent Application No. 61/893,859, filed October 21, 2013;

[0003] (c) U.S. Provisional Patent Application No. 61/949,953, filed March 7, 2014;

[0004] (d) U.S. Patent Application No. 14/299,933, filed June 9, 2014; and

[0005] (e) U.S. Patent Application No. 14/299,997, filed June 9, 2014.

[0006] All of the foregoing applications are incorporated herein by reference in their

entireties.  Further, components and features of embodiments disclosed in the applications
incorporated by reference may be combined with various components and features disclosed and

claimed in the present application.

TECHNICAL FIELD

[0007] The present technology relates generally to devices and methods for intravascular

treatment of emboli within a blood vessel of a human patient.

BACKGROUND

[0008] Thrombeembolism occurs when a thrombus or blood clot trapped within a blood
vessel breaks loose and travels through the blood stream to another location in the circulatory
system, resulting in a clot or obstruction at the new location. When a clot forms in the venous
circulation , it often travels to the lungs via the heart and lodges within a pulmonary blood
vessel PV causing a pulmonary embolism PE. A pulmonary embolism can decrease blood flow
through the lungs , which in turn causes decreased oxygenation of the lungs , heart and rest of the
body. Moreover, pulmonary embolisms can cause the right ventricle of the heart to pump harder
to provide sufficient blood to the pulmonary blood wvessels, which can cause right

ventricle dysfunction (dilation), and heart failure in more extreme cases.
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[0009] Conventional approaches to treating thromboembolism and/or pulmonary embolism
include clot reduction and/or removal. For example, anticoagulants can be introduced to the
affected vessel to prevent additional clots from forming, and thrombolytics can be introduced to the
vessel to at least partially disintegrate the clot. However, such agents typically take a prolonged
period of time (e.g., hours, days, etc.) before the treatment is effective and in some instances can
cause hemorrhaging. Transcatheter clot removal devices also exist, however, such devices are
typically highly complex, prone to cause trauma to the vessel, hard to navigate to the pulmonary
embolism site, and/or expensive to manufacture. Conventional approaches also include surgical
techniques that involve opening the chest cavity and dissecting the pulmonary vessel. Such surgical
procedures, however, come with increased cost, procedure time, risk of infection, higher morbidity,
higher mortality, and recovery time. Accordingly, there is a need for devices and methods that

address one or more of these deficiencies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Many aspects of the present technology can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale. Instead,

emphasis is placed on illustrating clearly the principles of the present disclosure.

[0011] Figure 1 is a side view of one embodiment of a clot treatment device in a low-profile
or delivery state positioned in a blood vessel and configured in accordance with the present

technology.

[0012] Figure 2 is a side view of the clot treatment device shown in Figure 1 in an
unrestricted expanded or deployed state positioned in a blood vessel and configured in accordance

with the present technology.

[0013] Figure 3 is a partial side view of the clot treatment device shown in Figure 2 showing

an isolated, deployed clot engagement member within an embolism.

[0014] Figure 4 is a side view of a clot treatment device having distally-facing clot
engagement members in a deployed state configured in accordance with another embodiment of the

present technology.
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[0015] Figure 5 is a side view of a clot treatment device having distally-facing clot
engagement members in a deployed state configured in accordance with another embodiment of the

present technology.

[0016] Figure 6 is a side perspective view of a clot treatment device in a deployed state

configured in accordance with another embodiment of the present technology.

[0017] Figure 7 is a side perspective view of a clot treatment device in a deployed state

configured in accordance with another embodiment of the present technology.

[0018] Figure 8 is a side perspective view of a portion of a clot treatment device in a deployed
state having a plurality of ports configured in accordance with another embodiment of the present

technology.

[0019] Figure 9A is a front view of a portion of a delivery system for a clot treatment device
that includes an expandable member in a deployed state configured in accordance with an

embodiment of the present technology.

[0020] Figure 9B is a front view of a portion of a delivery system for a clot treatment device
that includes an expandable member in a deployed state configured in accordance with another

embodiment of the present technology.

[0021] Figure 10A is a side view of an expandable member configured in accordance with the

present technology.
[0022] Figure 10B is an end view of the expandable member shown in Figure 10A.

[0023] Figure 11A is a side cross-sectional view of a clot treatment device configured in

accordance with the present technology.

[0024] Figure 11B is an expanded, isolated view of a portion of the clot treatment device

shown in Figure 11A.

[0025] Figure 12 is a pressure-generating member configured in accordance with the present
technology.

[0026] Figure 13 is a schematic representation of the venous system of a human leg.

[0027] Figure 14 is an enlarged schematic representation of a deep vein thrombosis.
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DETAILED DESCRIPTION

[0028] Specific details of several embodiments of clot treatment devices, systems and
associated methods in accordance with the present technology are described below with reference to
Figures 1-14. Although many of the embodiments are described below with respect to devices,
systems, and methods for treating an embolism, other applications and other embodiments in
addition to those described herein are within the scope of the technology. Additionally, several
other embodiments of the technology can have different states, components, or procedures than
those described herein. Moreover, it will be appreciated that specific elements, substructures,
advantages, uses, and/or other features of the embodiments described with reference to Figures 1-14
can be suitably interchanged, substituted or otherwise configured with one another in accordance
with additional embodiments of the present technology. Furthermore, suitable elements of the
embodiments described with reference to Figures 1-14 can be used as standalone and/or self-
contained devices. A person of ordinary skill in the art, therefore, will accordingly understand that
the technology can have other embodiments with additional elements, or the technology can have
other embodiments without several of the features shown and described below with reference to

Figures 1-14.

[0029] With regard to the terms "distal" and "proximal" within this description, unless
otherwise specified, the terms can reference a relative position of the portions of a clot treatment
device and/or an associated delivery device with reference to an operator and/or a location in the

vasculature.

I Selected Embodiments of Clot Treatment Devices

[0030] Figure 1 is a side view of one embodiment of a clot treatment device 200 ("the device
200") in a low-profile or delivery state positioned in a blood vessel V, and Figure 2 is a side view of
the device 200 in an unrestricted expanded or deployed state that is well suited for removing clot
material from a blood vessel (e.g., a pulmonary blood vessel). Referring to Figures 1 and 2
together, the device 200 can include a support member 204 and a plurality of treatment
portions (referred to collectively as treatment portions 203, referred to individually as first-fourth
treatment portions 203a-d, respectively) spaced apart along the support member 204. Each

treatment portion 203 can include a hub 206 positioned around the support member 204 and a
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plurality of clot engagement members 202 integral with and extending distally from the
corresponding hub 206 to a distal free end 205. As such, individual treatment portions 203 can
include a plurality of clot engagement members 202 positioned about the circumference of the
support member 204. Although four treatment portions 203 are shown in Figures 1 and 2, in other
embodiments the clot treatment device can include more or fewer than four treatment portions 203

(e.g., two treatment portions, three treatment portions, five treatment portions, etc.).

[0031] In the delivery state shown in Figure 1 the clot engagement members 202 can be
generally linear and extend generally parallel to the support member 204. The distal ends 205 of
the clot engagement members 202 are accordingly the distal-most portion of the clot engagement
members 202 in the delivery state. In the expanded state, as shown in Figure 2, the clot engagement
members 202 can project radially outwardly relative to the support member 204 in a curved shape.
The clot engagement members 202 can have a proximally facing section 212 which defines a
proximally facing concave portion, and, in some embodiments, the clot engagement members 202
can further include an end section 214 that curves radially inwardly from the proximally facing
section 212. When deployed within a blood vessel adjacent to clot material, the clot engagement
members 202 are configured to penetrate the clot material along an arcuate path and hold clot

material to the device 200.

[0032] In some embodiments the treatment portions 203 can be fabricated from a single tube
(e.g., a hypotube). A plurality of elongated slits may be cut or machined through the wall of the
tube by various means known in the art (e.g., conventional machining, laser cutting, electrical
discharge machining, photochemical machining, etc.) to form a plurality of clot engagement
members 202 that are integral with the corresponding hub 206. In some embodiments, the tube can
be cut such that individual clot engagement members 202 can have non-circular cross-sections. The
cut tube may then be formed by heat treatment to move from the delivery state shown in Figure 1 to
the deployed state shown in Figure 2 in which the arcuate clot engagement members 202 project
radially outward. As is known in the art of heat setting, a fixture or mold may be used to hold the
structure in its desired final configuration and subjected to an appropriate heat treatment such that
the clot engagement members 202 assume or are otherwise shape-set to the desire arcuate shape. In
some embodiments, the device or component may be held by a fixture and heated to about 475-

525 °C for about 5-15 minutes to shape-set the structure. In some embodiments, the treatment
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portions 203 can be formed from various metals or alloys such as Nitinol, platinum, cobalt-chrome

alloys, 35N LT, Elgiloy, stainless steel, tungsten or titanium.

[0033] Referring still to Figures 1-2, the clot engagement members 202 of different treatment
portions 203 can have different lengths (referred to collectively as L, referred to individually as
first-fourth lengths L,-Ls) in the delivery state (Figure 1) and thus can extend different distances D
from the support member 204 in the deployed state (Figure 2). As such, deployment of the clot
engagement members 202 self-centers the device within the blood vessel V and forces the stiffer,
shorter clot engagement members 202 to be positioned radially farther from the vessel wall V. As
used herein, "shorter clot engagement members" or "shorter treatment portions" refers to clot
engagement members 202 and/or treatment portions 203 with lesser lengths L and/or distances D
relative to the other clot engagement members 202 and/or treatment portions 203 of the same clot
treatment device, and "longer clot engagement members" or "longer treatment portions” refers to
clot engagement members 202 and/or treatment portions 203 with greater lengths L and/or distances
D relative to the other clot engagement members 202 and/or treatment portions 203 of the same clot

treatment device.

[0034] For example, as shown in Figure 1, in the delivery state, the first treatment
portion 203a can have clot engagement members with a first length L,, the second treatment
portion 203b can have clot engagement members 202 with a second length Ly, the third treatment
portion 203c can have clot engagement members 202 with a third length L., and the fourth
treatment portion 203d can have clot engagement members 202 with a fourth length L4. In
Figure 1, the clot engagement member lengths L of adjacent treatment portions 203 alternate
between shorter and longer clot engagement members (i.e., clot engagement members 202 of first
and third treatment portions 203a, 203c alternate with clot engagement members 202 of the second
and fourth treatment portions 203b, 203d along the support member 204). In other words, in the
embodiment shown in Figure 1, the first length L, is less than the second length L, the second
length Ly is greater than the third length L., and the third length L. is less than the fourth length La.
In other embodiments, the clot treatment device 200 and/or treatment portions 203 can have other
suitable configurations and/or arrangements. For example, the clot treatment device 200 can
include any arrangement of treatment portions 203 having shorter clot engagement members 202

and treatment portions 203 having longer clot engagement members 202 relative to the shorter clot
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engagement members 202. Moreover, the clot treatment device 200 can have any number of
treatment portions 203 having shorter clot engagement members 202 and/or any number of
treatment portions 203 having longer clot engagement members 202. Also, clot engagement
members 202 having varying lengths need not be in separate treatment portions 203. For example,
in some embodiments, one or more treatment portions 203 can include both shorter and longer clot

engagement members 202 in the same treatment portion 203.

[0035] Referring to Figure 2, in the deployed state, the clot treatment device 200 can include
a first treatment portion 203a having clot engagement members 202 with a radially furthest
apex 216a that is a first distance D, from the support member 204, a second treatment portion 203b
having clot engagement members 202 with a radially furthest apex 216b that is a second distance Dy,
from the support member 204, a third treatment portion 203c having clot engagement members 202
with a radially furthest apex 216c¢ that is a third distance D, from the support member 204, and a
fourth treatment portion 203d having clot engagement members 202 with a radially furthest
apex 216d that is a fourth distance Dy from the support member 204. As shown in Figure 2, the
distance D of the radially furthest apex of adjacent treatment portions 203 from the support
member 204 can alternate between shorter (clot engagement members 202 of first and third
treatment portions 203a, 203c) and longer (clot engagement members 202 of the second and fourth
treatment portions 203b, 203d). In other words, in the embodiment shown in Figure 1, the first
distance D, is less than the second distance Dy, the second distance Dy, is greater than the third
length D, and the third distance D, is less than the fourth distance D4. In other embodiments, the
clot treatment device 200 and/or treatment portions 203 can have other suitable configurations
and/or arrangements. For example, the clot treatment device 200 can include any arrangement of
treatment portions 203 having clot engagement members 202 with longer or shorter radially furthest
apex distances D. Moreover, the clot treatment device 200 can have any number of treatment
portions 203 having shorter clot engagement member radially furthest apex distances D and/or any
number of treatment portions 203 having longer clot engagement members radially furthest apex
distances D. Also, clot engagement members 202 having varying radially furthest apex distances D
need not be in separate treatment portions 203. For example, in some embodiments, one or more
treatment portions 203 can include engagement members 202 with both shorter radially furthest

apex distances D and longer radially further apex distances D.

-4457-



WO 2015/061365 PCT/US2014/061645

[0036] Advantageously, clot engagement members 202 having shorter radially furthest apex
distances D and/or shorter lengths L can have a greater radial stiffness than clot engagement
members 202 having longer radially furthest apex distances D and/or longer lengths L. As shown in
the isolated side view of a clot engagement member of Figure 3, when deployed, the shorter, stiffer
clot engagement members 202 can thus be spaced apart from the vessel wall V and grasp a more
central portion of the clot material to provide mechanical resilience during withdrawal of the clot
material CM while the apices of the longer, more flexible clot engagement members 202 (not
shown in Figure 3) atraumatically engage and slide along the vessel wall V. In some embodiments,
the stiffness of the shorter clot engagement members 202 may be from about 150% to about 400%
greater than the stiffness of the longer clot engagement members 202. In some embodiments, the
type of material, cross-sectional shape and/or area of the individual clot engagement members 202
can also be varied to affect the radial stiffness of the clot engagement members 202. For example,
the relatively shorter clot engagement members 202 can be made from a first material and the
relatively longer clot engagement members 202 can be made from a second material that is more
ductile, elastic, and or flexible than the first material, and/or the shorter clot engagement members
202 can have a great cross-sectional thickness or area than the relatively longer clot engagement

members 202.

[0037] The clot engagement members 202 can have a single or constant radius of curvature.
In other embodiments, the clot engagement members 202 can have a plurality of radii of curvature,
such as a first region with a first radius of curvature and a second region with a second radius of
curvature. In some embodiments, the clot engagement members 202 can have a single radius of
curvature that is the same for all of the clot engagement members 202. In other embodiments, the
clot treatment device 200 can have a first group of clot engagement members 202 with a constant
radius of curvature and a second group of clot engagement members 202 with a plurality of radii of
curvature. Moreover, in additional embodiments the clot treatment device 200 can include a first
group of clot engagement members 202 having a first radius of curvature and a second group of clot
engagement members 202 having a second radius of curvature different than the first radius of
curvature. In some embodiments, the radius of the clot engagement members 202 can be between

about 1.5 mm and about 12 mm, and in some embodiments, between about 2 mm and about 12 mm.
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[0038] Figure 4 is a side view of another embodiment of a clot treatment device 400 in a
deployed state configured in accordance with the present technology. As shown in Figure 4, the
clot treatment device 400 can include a support member 404 and a plurality of clot engagement
members 402 positioned about the support member 404. The support member 404 can be an
elongated tubular structure that includes a lumen configured to slidably receive a guidewire GW
therethrough. As shown in Figure 4, in the deployed state, the clot engagement members 402 can
extend radially outward from the support member 404 and curve distally such that individual clot

engagement members 402 include a concave, distally-facing portion 411.

[0039] The clot engagement members 402 can be arranged in rows such that adjacent rows
along the support member 404 alternate between long 407 and short 409 clot engagement members.
Additionally, the short clot engagement members 409 can be circumferentially aligned with the
long 407 clot engagement members 407 about the support member 404. In other embodiments, the
clot engagement members 402 can have other suitable arrangements and/or configurations. For
example, in some embodiments, one or more of the short clot engagement members 409 can be
circumferentially offset from one or more of the long clot engagement members 409 about the
support member 404, the long and short clot engagement members 407, 409 can be within the same
rows, additionally or alternatively arranged in columns, and/or randomly positioned along or about

the support member 404.

[0040] Figure 5 is a side view of another embodiment of a clot treatment device 500 in a
deployed state configured in accordance with the present technology. As shown in Figure 5, the
clot treatment device 500 can include an expandable mesh 505 and a plurality of arcuate clot
engagement members 502 extending radially outwardly from the expandable mesh 505. Although
only distally-facing clot engagement members 502 are shown in Figure 5, in other embodiments,
the clot treatment device 500 can additionally or alternatively include proximally-facing clot
engagement members (such as those shown in Figures 1-2 and Figure 3). In some embodiments,
the clot engagement members 502 can be interwoven into the mesh structure 505. In other
embodiments, the clot engagement members 502 can also be bonded, soldered, welded, tied or

otherwise secured and/or mechanically interlocked to the mesh 505.

[0041] In certain procedures, it may be advantageous to move the clot treatment device along

the vessel (fully or partially within the embolism) in both the upstream and downstream directions
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to facilitate engagement and/or disruption of a clot or thrombus by the clot engagement members.
During such procedures, it may be advantageous to include one or more distally-facing clot
engagement members to enhance engagement and/or disruption of the clot material. Accordingly,
the clot treatment devices of the present technology can include both proximally-facing clot
engagement members and distally-facing clot engagement members. For example, Figures 6 is a
perspective side view of a portion of a clot treatment device 600 having proximally-facing (e.g.,
concave proximally) treatment portions 603p (collectively referred to as treatment portions 603)
comprised of proximally-facing 602p clot engagement members and distally-facing (e.g., concave
distally) treatment portions 603d comprised of distally-facing 602d clot engagement members. As
shown in Figure 6, the distally-facing clot engagement members 602d of the distally-facing
treatment portions 603d extend radially outwardly from the corresponding hub 606, then curve
distally to a distal free-end. Although the clot treatment device 600 shown in Figure 6 includes two
distally-facing treatment portions 603d and two proximally-facing treatment portions 603p along
the support member 604, the clot treatment device 600 can include any arrangement and/or
configuration of treatment portions and/or clot engagement members. For example, as shown in the
clot treatment device 700 of Figure 7, the adjacent treatment portions can alternate between those
including proximally-facing clot engagement members 702p and distally-facing clot engagement

members 703d.

[0042] Figure 8 is a side perspective view of a portion of another embodiment of a clot
treatment device 800 configured in accordance with the present technology. As shown in Figure 8,
the support member 804 of the clot treatment device 800 can include holes or ports 805 to allow the
infusion of fluids (e.g., thrombolytics) along its length and between treatment portions (labeled
802a and 802b). The ports 805 can be positioned anywhere along the length of the support
member 804 (e.g., proximal to the proximal-most treatment portion, distal to the distal-most
treatment portion, in between treatment portions, etc.). The location of the ports 805 along the
length of the support member 804 can enhance the direct infusion of the fluids into the clot and
improve the biologic action and effectiveness of such drugs. Additionally, in some embodiments,
the clot engagement members can be at least partially hollow and/or include ports or inlets along

their lengths and/or at their free-ends.
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1I. Additional Embodiments of Clot Treatment Devices and Associated Devices, Systems and
Methods
[0043] Figure 9 is a front view of a delivery system 900 for use with the clot treatment

devices of the present technology. As shown in Figure 9, the delivery system 900 can include a
guide-catheter 902 and an expandable member 904 (e.g., a balloon) coupled to a distal portion of
the guide-catheter 902. In such embodiments, the expandable member 904 can be expanded to a
diameter less than the vessel diameter, as shown in Figure 9. Use of the expandable member 904
coupled to the distal portion of the guide catheter 902 can divert flow in the vessel away from the
distal portion of the guide catheter 902, thereby reducing or eliminating the possibility of clot
material traveling proximal of the device during retraction of the clot treatment device 910 (and
adherent clot) into the guide catheter 902 (shown in Figure 9B). Moreover, the use of an
expandable member 904 with the guide catheter 902 can be advantageous as the expandable
member 904 can form a funnel adjacent to the distal end of the guide catheter 904, thereby
facilitating retraction of the clot material into the guide catheter 904. Additionally, expanding the
expandable member 904 to a diameter that is less than the diameter allows some blood flow BF to
occur through the vessel near the treatment site, thus reducing any risk associated with complete

blockage of blood flow.

[0044] Figure 10A is a side view of a portion of a delivery system 1000 for use with the clot
treatment devices of the present technology, and Figure 10B is a top view of the delivery system
shown in Figure 10A. Referring to Figures 10A and 10B together, in those embodiments that
include expandable members coupled to a distal portion of the guide catheter, the expandable
member can center the guide catheter within the vessel, thereby enhancing and/or facilitating clot
removal and/or aspiration. Since the clot treatment device is self-expanding, it will generally tend to
self-center within the blood vessel in addition to the centering of the guide catheter enabled by the
expandable members of the delivery system. Alignment of the guide catheter and clot treatment
device will provide the best situation for guiding of clot to the distal end of the catheter with the
least amount of shearing of clot by the distal end of the catheter. Thus, general alignment of the clot
treatment device and the guide catheter may improve the efficiency and quality of clot extraction
and/or clot aspiration and thereby reduce breakup of the clot and distal embolization. In some

embodiments, a multi-lobed expandable member may be used to center the guide catheter within
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the blood vessel while allowing some blood flow past the expandable members so as to not
completely occlude the blood vessel during the procedure. Various multi-lobed expandable member
configurations are known in the art including but not limited to a tri-lobed expandable member as

shown in Figures 10A and 10B.

[0045] In any of the clot treatment device embodiments that comprise a central tube member,
the inner tube or "tether tube" may be constructed so as to have spring properties. For example, as
shown in Figures 11A and 11B, the tube may be a coil or spiral cut tube so that when tension is
applied, it readily elongates. A spring inner tube member may provide improved self-expansion
while still providing a lumen for a guidewire, catheter or the like to be inserted therethrough.
Moreover, the inner tube or "tether tube" may be constructed with a first proximal tube that is
attached to the clot treatment device proximal to the radially expanding segment and a second distal
tube that is attached to the clot treatment device distal to the radially expanding segment. One tube
may be larger in diameter than the other so that they may be over-lapped with a portion where the
smaller tube is coaxial within the larger tube and thus "telescoped"” as shown in Figures 11A and
11B. In this telescoped configuration, the tubes may slide freely relative to each other. Thus, with a
telescoped inner tube configuration, a guidewire lumen is maintained while allowing a large

elongation without plastic deformation.

[0046] Now referring to Figure 12, in some embodiments, parts of the system that retract
and/or aspirate fluid and debris may be automated. For example, the movement of the pump (e.g.
syringe) plunger may have a mechanism such as a linear actuator, drive screw or the like to effect
movement under electronic control. Likewise, the linear movement of the device and delivery
catheter for deployment and/or retraction may also be operated by a mechanism. In some
embodiments, both the pump and the catheter and device movements may be mechanized and
synchronized. In addition, sensors may be incorporated into the system on either the device and/or
catheters such that the system will automatically turn mechanisms on/off as desired. This
automation may be further controlled by a programmable controller, computer or electronics and
software as is well-known in the art of automation. In some embodiments, the system may
automatically shut off aspiration when a predetermined amount of device retraction has taken place.
That way, the amount of blood that is aspirated is limited. In some embodiments, a continuously

aspirating pump mechanism rather than the discrete pump (e.g. syringe) as described herein may be
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used. The use of a foot petal, a hand switch or an automated or sensor actuated control to limit the
duration of a continuous pump may allow smooth continuous aspiration during device retraction
without excessive blood being removed from the patient. This may be accomplished by having the
pump operate for a relatively short duration or pulses. In some embodiments, the pump may
operate for less than about 15 seconds and in other embodiments less that about 5 seconds. A
diagram of such a system with a continuous aspiration pump is shown in Figure F. In some
embodiments, a method of synchronized device retraction and aspiration is described wherein less
than about 500cc of blood and debris are removed from the patient. In other embodiments, the
device may be retracted with aspiration of between about 50cc and 400cc, in some embodiments

less than about 200cc and in some embodiments less than about 100cc of blood and debris.

IIT. Pertinent Anatomy and Physiology

[0047] Some embodiments described here may be particularly useful for the treatment of
deep vein thrombosis. (See Figures 13 and 14). Deep vein thrombosis (DVT) is a medical condition
that results from the formation of a blood clot, or thrombus, within a vein. Thrombi may develop in
the veins of the calves, legs, arms, pelvis or abdomen, but they may occur in other locations as
well. The clot is typically formed from a pooling of blood within the vein due to abnormally long
periods of rest or inactivity, e.g. when an individual is bed ridden following surgery or suffering a
debilitating illness or during extended airline flights. The propensity to form clots can be also be
influenced by other factors including, coagulation disorders, the presence of cancer, dehydration,
hormone replacement therapy, use of birth control pills, genetic deficiencies, autoimmune disorders,
and endothelial cell injury and trauma, etc. Thrombi are likely to form at the location of a stenosis
(e.g., an unnatural narrowing of an artery). Clots often form near the venous valves; one-way
valves that prevent the back-flow of blood as it returns to the right heart (blood is squeezed up the
leg against gravity and the valves prevent it from flowing back to our feet). Clinical sequelae of
DVT are significant in both the acute and chronic settings. Initial consequences include acute lower-
extremity symptoms, risk of pulmonary emboli (PE) and death. Long-term consequences include
recurrent DVT, lower-extremity venous hypertension, claudication, pain, swelling and ulceration,
which can result in significant post-thrombotic morbidity. Potentially thromboembolic DVT usually

arises in one of the large deep veins of the lower limb (e.g. iliac and femoral veins). Patients with
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iliofemoral DVT tend to have marked pain and swelling and up to 50% experience pulmonary

embolism.

[0048] Percutaneous access for endovascular interventions is most often achieved in the vein
distal to the occluded segment. For isolated iliac DVT, an ipsilateral common femoral puncture is
most appropriate. Alternatively, a retrograde approach from either the jugular, iliac vein or the
contralateral femoral vein may be used for isolated iliac and femoral vein DVT. More commonly,
however, patients present with more extensive iliofemoral or iliofemoral popliteal thrombosis, in
which case access is best obtained from the ipsilateral popliteal vein while the patient is positioned
prone. Ultrasound guidance may be used for access of the popliteal or tibial veins and for any
access obtained while the patient is fully anticoagulated. Further, a micropucture technique with
a 22-gauge needle and 0.014-inch guidewire may minimize bleeding complications and vessel wall
trauma. Following initial access, the thrombus is crossed with a guidewire to facilitate catheter or
device positioning. For a lower puncture location (i.e., closer to the feet) such as the popliteal, a
suitable (e.g., less than 10 F) catheter introducer sheath (such as a Flexor® manufactured by Cook,
Inc. of Bloomington, Ind.) may be introduced into the vein over a guidewire. If alternate access is
done for a retrograde approach to the thrombosis, a larger introducer (up to about 22F) may be used.
If a downstream access is made and then a retrograde approach to the thrombus is done, an
expandable tip catheter such as that shown in Figures 20 and 21 (PCT/US13/61470) may help
prevent clot or debris that may be dislodged or embolized during the procedure from traveling
toward the heart. Alternatively, if a lower or upstream access to the vein and then antegrade
approach to the thrombus is made, an occlusion device such as a balloon or a filtration/capture
device such a distal protection device may be place downstream of the thrombus. For example, a
distal protection device may inserted into the iliac or IVC for a contralateral vein. An exemplary
distal protection device is the SpiderFX™ Embolic Protection Device commercially available from

Covidien (Plymouth, MN).

IV. Examples

[0049] The following examples are illustrative of several embodiments of the present

technology:
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1. A clot treatment device for treating an embolism within a blood vessel, the clot

treatment device comprising:

a support member configured to extend through a delivery catheter, wherein the support
member has a proximal portion and a distal portion;

a plurality of first clot engagement members positioned about the circumference of the distal
portion of the support member, wherein, in the deployed state, individual first clot
engagement members extend radially outwardly with respect to the support member
and have a curved portion that includes a first radially furthest apex that extends a
first radial distance from the support member;

a plurality of second clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual
second clot engagement members have a curved portion that includes a second
radially furthest apex that extends a second radial distance from the support member,
and wherein the first radial distance is greater than the second radial distance;

wherein, in the deployed state, individual curved portions of the first and second clot
engagement members project radially outwardly relative to the support member in a
curve that has a proximally extending section which defines a proximally facing
concave portion, and wherein the curved portion of the first and second clot
engagement members further includes an end section that curves radially inwardly
from the proximally extending section; and

wherein the clot engagement members are configured to penetrate clot material along an

arcuate path and hold clot material to the clot treatment device.

2. The clot treatment device of example 1, further comprising:
a first hub positioned around the support member at a first location; and
a second hub positioned around the support member at a second location spaced apart from
the first location along the support member;
wherein—
individual first clot engagement members extend from the first hub, wherein a
proximal portion of the first clot engagement members are integral with the

first hub; and
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individual second clot engagement members extend from the second hub, wherein a
proximal portion of the second clot engagement members are integral with

the second hub.

3. The clot treatment device of any of examples 1 or 2 wherein:

at least one of the first radially furthest apices of the individual first clot engagement
members are configured to engage the vessel wall in a deployed state; and

none of the second radially furthest apices of the individual first clot engagement members

are configured to engage the vessel wall in a deployed state.

4. The clot treatment device of any of examples 1-3 wherein the first clot engagement
members have a first stiffness and the second clot engagement members have a second stiffness

greater than the first stiffness.

5. The clot treatment device of any of examples 1-4 wherein:

the first clot engagement members are positioned about the support member at a first
location along the length of the support member; and

the second clot engagement members are positioned about the support member at a second
location along the length of the support member that is spaced longitudinally apart

from the first location along the support member.

6. The clot treatment device of any of examples 1-5, further comprising:

a plurality of third clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual third
clot engagement members extend radially outwardly with respect to the support
member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein the third radial distance is substantially the same as the first radial distance.

7. The clot treatment device of example 6, further comprising:
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a plurality of fourth clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual
fourth clot engagement members extend radially outwardly with respect to the
support member and have a curved portion that includes a fourth radially furthest
apex that extends a fourth radial distance from the support member; and

wherein the fourth radial distance is substantially the same as the second radial distance.

8. The clot treatment device of example 7 wherein:

the first clot engagement members are positioned at a first location along the length of the
support member;

the second clot engagement members are positioned at a second location along the length of
the support member that is different than the first location;

the third clot engagement members are positioned at a third location along the length of the
support member that is different than the first and second locations;

the fourth clot engagement members are positioned at a fourth location along the length of

the support member that is different than the first, second, and third locations.

9. The clot treatment device of any of examples 1-5 and 7, further comprising:

a plurality of third clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual third
clot engagement members extend radially outwardly with respect to the support
member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein the third radial distance is different than the second radial distance and the first

radial distance.

10. The clot treatment device of any of examples 1-5 and 7, further comprising:
a plurality of third clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual third

clot engagement members extend radially outwardly with respect to the support
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member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein, in the deployed state, individual curved portions of the third engagement members
project radially outwardly relative to the support member in a curve that has a
distally extending section which defines a distally facing concave portion, and
wherein the curved portion of individual third engagement members further includes

an end section that curves radially inwardly from the distally extending section.

11. A treatment device for treating an embolism within a blood vessel, the clot treatment
device moveable between a low-profile undeployed state and a deployed state, the clot treatment
device comprising:

a support member configured to extend through a delivery catheter, wherein the support

member has a proximal portion and a distal portion;

a plurality of first clot engagement members positioned about the circumference of the distal
portion of the support member, wherein, in the undeployed state, individual first clot
engagement members are linear and have a first length;

a plurality of second clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the undeployed state, individual
second clot engagement members are linear and have a second length that is less
than the first length;

wherein, in the deployed state, the individual first and second clot engagement members
project radially outwardly relative to the support member in a curve that has a
proximally extending section which defines a proximally facing concave portion, and

wherein the clot engagement members are configured to penetrate clot material along an

arcuate path and hold clot material to the clot treatment device.

12. The clot treatment device of example 11 wherein the curved portion further includes

an end section that curves radially inwardly from the proximally extending section.

13. The clot treatment device of any of examples 11-12 wherein, in the undeployed state:

individual first clot engagement members are positioned parallel to the support member; and
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individual second clot engagement members positioned parallel to the support member.

14. The clot treatment device of any of examples 11-13, further comprising:
a first hub positioned around the support member at a first location; and
a second hub positioned around the support member at a second location spaced apart from
the first location along the support member;
wherein—
individual first clot engagement members extend distally from the first hub in the
undeployed state, wherein a proximal portion of the first clot engagement
members are integral with the first hub; and
individual second clot engagement members extend distally from the second hub in
the undeployed state, wherein a proximal portion of the second clot

engagement members are integral with the second hub.

VI. Conclusion

[0050] The above detailed descriptions of embodiments of the present technology are for
purposes of illustration only and are not intended to be exhaustive or to limit the present technology
to the precise form(s) disclosed above. Various equivalent modifications are possible within the
scope of the present technology, as those skilled in the relevant art will recognize. For example,
while steps may be presented in a given order, alternative embodiments may perform steps in a
different order. The various embodiments described herein and elements thereof may also be
combined to provide further embodiments. In some cases, well-known structures and functions
have not been shown or described in detail to avoid unnecessarily obscuring the description of

embodiments of the present technology.

[0051] From the foregoing, it will be appreciated that specific embodiments of the technology
have been described herein for purposes of illustration, but well-known structures and functions
have not been shown or described in detail to avoid unnecessarily obscuring the description of the
embodiments of the technology. Where the context permits, singular or plural terms may also

include the plural or singular term, respectively.
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[0052] Certain aspects of the present technology may take the form of computer-executable
instructions, including routines executed by a controller or other data processor. In some
embodiments, a controller or other data processor is specifically programmed, configured, and/or
constructed to perform one or more of these computer-executable instructions. Furthermore, some
aspects of the present technology may take the form of data (e.g., non-transitory data) stored or
distributed on computer-readable media, including magnetic or optically readable and/or removable
computer discs as well as media distributed electronically over networks. Accordingly, data
structures and transmissions of data particular to aspects of the present technology are encompassed
within the scope of the present technology. The present technology also encompasses methods of

both programming computer-readable media to perform particular steps and executing the steps.

[0053] Moreover, unless the word "or" is expressly limited to mean only a single item
exclusive from the other items in reference to a list of two or more items, then the use of "or" in
such a list is to be interpreted as including (a) any single item in the list, (b) all of the items in the
list, or (c) any combination of the items in the list. Additionally, the term "comprising” is used
throughout to mean including at least the recited feature(s) such that any greater number of the same
feature and/or additional types of other features are not precluded. It will also be appreciated that
specific embodiments have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the technology. Further, while advantages
associated with certain embodiments of the technology have been described in the context of those
embodiments, other embodiments may also exhibit such advantages, and not all embodiments need
necessarily exhibit such advantages to fall within the scope of the technology. Accordingly, the
disclosure and associated technology can encompass other embodiments not expressly shown or

described herein.
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CLAIMS
I/'We claim:
1. A clot treatment device for treating an embolism within a blood vessel, the clot

treatment device comprising:

a support member configured to extend through a delivery catheter, wherein the support
member has a proximal portion and a distal portion;

a plurality of first clot engagement members positioned about the circumference of the distal
portion of the support member, wherein, in the deployed state, individual first clot
engagement members extend radially outwardly with respect to the support member
and have a curved portion that includes a first radially furthest apex that extends a
first radial distance from the support member;

a plurality of second clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual
second clot engagement members have a curved portion that includes a second
radially furthest apex that extends a second radial distance from the support member,
and wherein the first radial distance is greater than the second radial distance;

wherein, in the deployed state, individual curved portions of the first and second clot
engagement members project radially outwardly relative to the support member in a
curve that has a proximally extending section which defines a proximally facing
concave portion, and wherein the curved portion of the first and second clot
engagement members further includes an end section that curves radially inwardly
from the proximally extending section; and

wherein the clot engagement members are configured to penetrate clot material along an

arcuate path and hold clot material to the clot treatment device.

2. The clot treatment device of claim 1, further comprising:

a first hub positioned around the support member at a first location; and
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a second hub positioned around the support member at a second location spaced apart from
the first location along the support member;
wherein—
individual first clot engagement members extend from the first hub, wherein a
proximal portion of the first clot engagement members are integral with the
first hub; and
individual second clot engagement members extend from the second hub, wherein a
proximal portion of the second clot engagement members are integral with

the second hub.

3. The clot treatment device of claim 1 wherein:

at least one of the first radially furthest apices of the individual first clot engagement
members are configured to engage the vessel wall in a deployed state; and

none of the second radially furthest apices of the individual first clot engagement members

are configured to engage the vessel wall in a deployed state.

4. The clot treatment device of claim 1 wherein the first clot engagement members have
a first stiffness and the second clot engagement members have a second stiffness greater than the

first stiffness.

5. The clot treatment device of claim 1 wherein:

the first clot engagement members are positioned about the support member at a first
location along the length of the support member; and

the second clot engagement members are positioned about the support member at a second
location along the length of the support member that is spaced longitudinally apart

from the first location along the support member.
6. The clot treatment device of claim 1, further comprising:

a plurality of third clot engagement members positioned about the circumference of the

distal portion of the support member, wherein, in the deployed state, individual third
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clot engagement members extend radially outwardly with respect to the support
member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein the third radial distance is substantially the same as the first radial distance.

7. The clot treatment device of claim 6, further comprising:

a plurality of fourth clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual
fourth clot engagement members extend radially outwardly with respect to the
support member and have a curved portion that includes a fourth radially furthest
apex that extends a fourth radial distance from the support member; and

wherein the fourth radial distance is substantially the same as the second radial distance.

8. The clot treatment device of claim 7 wherein:

the first clot engagement members are positioned at a first location along the length of the
support member;

the second clot engagement members are positioned at a second location along the length of
the support member that is different than the first location;

the third clot engagement members are positioned at a third location along the length of the
support member that is different than the first and second locations;

the fourth clot engagement members are positioned at a fourth location along the length of

the support member that is different than the first, second, and third locations.

9. The clot treatment device of claim 1, further comprising:

a plurality of third clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual third
clot engagement members extend radially outwardly with respect to the support
member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein the third radial distance is different than the second radial distance and the first

radial distance.
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10. The clot treatment device of claim 1, further comprising:

a plurality of third clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the deployed state, individual third
clot engagement members extend radially outwardly with respect to the support
member and have a curved portion that includes a third radially furthest apex that
extends a third radial distance from the support member; and

wherein, in the deployed state, individual curved portions of the third engagement members
project radially outwardly relative to the support member in a curve that has a
distally extending section which defines a distally facing concave portion, and
wherein the curved portion of individual third engagement members further includes

an end section that curves radially inwardly from the distally extending section.

11. A treatment device for treating an embolism within a blood vessel, the clot treatment
device moveable between a low-profile undeployed state and a deployed state, the clot treatment
device comprising:

a support member configured to extend through a delivery catheter, wherein the support

member has a proximal portion and a distal portion;

a plurality of first clot engagement members positioned about the circumference of the distal
portion of the support member, wherein, in the undeployed state, individual first clot
engagement members are linear and have a first length;

a plurality of second clot engagement members positioned about the circumference of the
distal portion of the support member, wherein, in the undeployed state, individual
second clot engagement members are linear and have a second length that is less
than the first length;

wherein, in the deployed state, the individual first and second clot engagement members
project radially outwardly relative to the support member in a curve that has a
proximally extending section which defines a proximally facing concave portion, and

wherein the clot engagement members are configured to penetrate clot material along an

arcuate path and hold clot material to the clot treatment device.
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12. The clot treatment device of claim 11 wherein the curved portion further includes an

end section that curves radially inwardly from the proximally extending section.

13. The clot treatment device of claim 11 wherein, in the undeployed state:
individual first clot engagement members are positioned parallel to the support member; and

individual second clot engagement members positioned parallel to the support member.

14. The clot treatment device of claim 11, further comprising:

a first hub positioned around the support member at a first location; and

a second hub positioned around the support member at a second location spaced apart from
the first location along the support member;

wherein—

individual first clot engagement members extend distally from the first hub in the
undeployed state, wherein a proximal portion of the first clot engagement
members are integral with the first hub; and

individual second clot engagement members extend distally from the second hub in
the undeployed state, wherein a proximal portion of the second clot

engagement members are integral with the second hub.
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i fee was not paid within the time limi specified in the invitation.

No protest accompaniad the paymert of additional search fees.

Form PUTASARZ1G {continuation of first shaet (2)) (Apnt 2005)
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2017,/050933

A. CLASSIFICATION OF SUBJECT MATTER
INV, A8IBR17/22 AG1B17/221
ADD.

Accercing to International Patent Classifization ({PC) or to beth national slassification and IPC

B. FIELDS SEARCHED

AclB

Minimum documentation searched (slassification system followed by slassification symboels)

Documentation searched other than minimum desumentation to the extent that such decuments are included in the flelds searched

EPC~Internal

Electronis data base consuited during the internaticnal search (name of data base and, where practicable, search terms usaecl)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categary”

Citation of document, with indication, where appropriale, of the relevant passages

Relevant to claim Ne.

19 January 2012 {2012-01-18)
Y paragraphs {0068}, {00777,
(61873 ~ [6170}, ([B1723;

30 September 2010 (2018-8%-38)

paragraphs [00268], [0027],

figures 1,2

A GB 2 498 349 A {
LLCY 17 July 201

abstract: claims

page 8, line 12

(2013-07-17)
: figures

X WO 2012/009675 A2 (LAZARUS EFFECT. INC.)

(81617,
figures 18, 13B

[0030] ;
COOK MEDICAL TECHNOLOGIES
:

page 1l, line 16

1-14,
16-23, 30
15,29

Y US 2010/249815 AL (JANTZEN ET AL.} 15,29

1.16,39

,./....

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special sategories of cited documents :

A" document defining the general state of the art which is net considered
to be of particular relevance

earfier application or patent but published on or afler the internationat
filing date

»

m

“L" dosumentwhich may throw ceubls on priority dlaim{s) orwhich is
gited to establish the publivation date of another citation or cther
special reason {as specitiad)

") dosument referring to an oral disclosure, use, exhibition or other
means

P document published prior to the intemational filing dale but later than
the pricrity date claimed

“T" later document published after the international filing date or priosity
date and not in senflict with the application but cited {o understand

" document of particular relevance; the slaimed invention cannot be
considered novel ar sannct be considered to involve an inventive
steg when the document is taken alone

"Y' document of particiilar relevance; the claimed invention sannot be
considered {0 involve an inventive step when the dosument is

sombines with one or more sther such decuments, such combination

being obvious to & person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

26 October 2017

Date of mailing of the intemational searsh report

1871172617

Name and maifing addreas of the {SA/
Eurcpean Patent ‘Iffise, P.3. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. {+31-70) 340-2049,
Fax: {(+31-70) 340-301&

Authorized officer

Giménez Burgos, R

Foro PCT/IBA/21G {secand sheet) {Aprit 2008)

page 1 of 2
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2017,/050933

C{Contlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of dosument, with indication, where appropriate, of the relavant passages

Relevant to slaim No.

A WC 2012/649652 Al (ENDOGROWTH
{PROPRIETARY) LTD)

18 April 2012 {(2012-84-19})

page 8, line 32 - page 15, line 26;
figures 4-10

A US 4 863 446 A {CHIN)

5 September 1989 {1989-09-05)
abstract; Tigures

1,16,30

1.16,30

Foro PCT/ASA/21G (continuation of second sheet) (April 2008)
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information on patent family members

international application No

PCT/US2017,/050933

Patent document Publication Patent family Publication

cited in search repoert date member{s) date

WO 2012009675 AZ 19-91-2012 US 2014003712 Al 82-61-2014
WO 2012009675 AZ 19-61-2012

Us 201624981 Al 36-69-2018  NONE

GB 2498349 A 17-87-2013  EP 2802275 Al 18-11-2014
GB 2498349 A 17-67-2013
Us 2015805781 Al 81-61-2015
WO 2013106146 Al 18-G7-2013

WO 2012849652 Al 19-04-2012 US 2013226196 Al 2%-08~2013
WO 2012048652 Al 18-04-2012
ZA 201302264 B 30-04-7014

US 4863440 A 05-09-1989 CA 1326188 € 18-01-1994
DE 3686408 D1 17-69-19%2
DE 3686408 T2 21-01-1993
EP 0227583 A2 01-67-1987
JP 2528838 BZ 04-59~-1996
JP S62170260 A 27-07-1587
Us 4863448 A 05-09-198%

Form PCT/IBA/21G (patent family annex) (April 2008)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To PCT

cee form PCTASAR20 WRITTEN OPINION OF THE

(PCT Rule 430/s.1)

INTERNATIONAL SEARCHING AUTHORITY

Date of mailing
{Qaymonthivear) see form PCTASARZ10 (second sheet)

Applicant's or agent's file reference

saa form PCTASAR20

FOR FURTHER ACTION

Ses paragraph 2 below

international application No. international filing date {oayinenthiear) Priority date {dayfnonthiear}

POTAIS20174050933 11.09.2017 12.00.2018

infernationat Patent Classification (IFG) or both national classification and IPC

INV. AG1B1722 AGIB17221

Applicant

STRYKER CORPORATION

1. This opinion contains indications relating to the following items:

Z Box No. | Basis of the epinion

3 Box No. il Prierity

Z Box No. i Noen-sstablishment of opinion with regard to novelty, inventive step and industrial applicability

L3 Box No. iV Lack of unity of invention

7 Box No. ¥ Reasoned statement under Rule 43bis.1{a){i} with regard o novelty, inventive step and industrial

applicability; citalions and explanations supporting such siatement

-

Box No. VI Certain documents cited
Box No. Vi Certain defects in the international application

L E

Box No. VI Certain observations on the international application

2. FURTHER ACTION

if & demand for infernational preliminary examination is made, this opinion will usually be considered to be a
written opinion of the international Preliminary Examining Authority ("IPEA"} except that this does not apply whare
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Ruls 88.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

if this opinion is, as provided gbove, considerad to be a writien opinion of the IPEA, the applicant is invited to
submit 1o the IPEA a writlen reply together, where appropriate, with amendmeanis, before the exgpiration of 3 months
from the date of mailing of Form PCTASARZ2C or before the expiration of 22 months from the priority date,
whichever expiras later,

Far further options, ses Foim RPCTASARZ20.

.................. NL-2280 HV Riiswijk - Pays Bas CTASARID

Tel. +31 70 340 - 2040
Fax: +31 70 340 - 3018

Nama and mailing address of tha iGA: Date of complation of Authorized Officer -
this opinion ‘&}&\'“ gy,
European Patent Office . N e
P.&. 5818 Paientlaan 2 see 1orm Giménez Burgos, R H g} -

Talaphone No. +31 70 340-0

Form PCTASARSY (Cover Shaet) (January 2015)




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017050233

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

0
3

the international application in the fanguage in which it was filed.

a transiation of the infernational application info | which is the language of a transiation furnished for the
purpesas of international search (Rules 12.3(a) and 23.1 (b}).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43b6i5.1(8))

With regard to any nuclestide andor amino acld segusnce disclosed in the international application, this
opinion has been eatablished on the basis of a sequence listing:

a. i1 forming part of the intarnational application as filed:
[ in the form of an Annax CST.25 text file.
[ on paper or in the form of an image file.

p. B3 iurnished togather with the international application under PCT Rule 13#er.1{(a) fov the purposes of
international search only in the form of an Annex C8T .25 texi file,

¢. [ furnished subsequent to the internationa filing date for the purposes of international ssarch only:
[ in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).
L1 on paper or in the form of an image file {Rule 13#er.1(b) and Administrative Instructions, Saction

713).

in addition, in the case thal more than ong version or copy of a sequence listing has been filed or furnished,
the required statements that the information in tha subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriale, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017050233

Boyx No. ll Non-astablishment of opinion with regard to novelly, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, o involve an inventive step (io be non
chvious), or to be indusirially applicable have not been examined in respact of

{1 the entire international application

& claims Nos. 31-41

because:

3 the said international application, or the said claims Nos.  relate to the following subject matter which does
not require an international search (specify):

O the description, claims or drawings (ndicate particular elements befow] or said claims Nos.  are so unclear
thal no meaningful opinion could be formed (specify):

O the claims, or said claims Nos. are so inadequately supported by the description that no maaningful opinion
could be formed {specify):

& no international search report has been astablished for the whole application or for said claims Nos. 31-41

O a meaningiul opinion could not be formed without the saquance listing; the applicant did not, within the
prescribad fime imit:

O furnish a sequenge listing in the form of an Annax CST.25 text file, and such listing was not available
to the international Searching Authority in the form and manner acceptable to i) or the sequence listing
furnished did not comply with the standard provided for in Annex C of the Administrative Instructions.

L1 furnish a sequence listing on paper or in the form of an image file complying with the standard providad
for in Annex C of the Administrative Instructions, and such #isting was not availabie 1o the International
Searching Authority in the form and manner acceptabls to it; or the sequence lfisting furnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

O pay the required late furnishing fae for the furnishing of a sequence listing in response o an
invitation under Rule 13fer.1{a) or {b).

See Supplemenial Box for further details

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017050233

Box No. ¥V Reasoned siatement under Rule 43bis.1({a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statemeni

Novelty (N) Yas: Claims 3-3Q
No: Claims i.2

inventive step {IS) Yes: Claims
No:  Clains 1-30

industrial applicability (1A} Yes: Claims 1-30
MNo:  Claims

[

Citations and explanations

see separate shaet

Box No. Vil Certain defects in the international application

The following defects in the form or confents of the international application have been notad:

sge separaie sheet

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/050633

He Hem il

Non-establishment of opinion with regard to novelty, inventive step and
industrial applicability

The methods according o claims 31- 41 are methods of treatment of the living
human or animal body by surgery.

The surgical methods of removing & ciot from a blocd vessel claimed, at least implies
the surgical step of advancing a distal end of a self-rolling mechanical atherectomy
apparatus through the blood vessel o the clot .

Therefore, no preliminary international examination is required to the subject matier of
these method claims (see Article 34(4) and Rule 67.1 PCT).

Be Hlem V

Reasoned siatement with regard o novelty, invenlive slep or indusirial
applicability; citations and explanations supporiing such stalement

1 Reference is made 1o the following documents:

D1 WO 2012/000675 A2 (LAZARUS EFFECT, INC.)

D2 GB 2 488 349 A (COOK MEDICAL TECHNOLOGIES LLG)

D3 US 2010/249815 A1 (JANTZEN ET AL)

D4 US 4 883 440 A (CHIN)

D5 WO 2012/049652 A1 (ENDOGROWTH (PROPRIETARY) LTD)
2 independent claim 1, lack of noveity {Article 33(2) PCT).

Form PCT/ISA/237 (Separate Sheetl) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/050633

(€]

The present application does not meet the criteria of Article 33(1) PCT,
because the subject matter of claim 1 is not new in the sense of Article 33(2)
PCT.

Document D1 {Figs.: 134, 138, 13G; paragraphs [0008], {0161], [0167]-
[0170] and [0172]) discloses a self-rolling mechanical atherectomy apparatus
(350) for removing a clot from g vessel, comprising:

an outer tractor pusher (354} comprising a catheter having a distal end and a
distal end opening {Figs.: 138, 13G};

a tractor tube (370) comprising an ouler tractor tube porlion that exiends
distally in an un-inverted configuration and inverts inio itself at a distal-facing
region to form an inner tractor tube portion (Figs.: 13b, 13G),

wherein the tractor tube (370} is configured such that pulling the inner
tractor tube portion proximally (paragraphs [0167]}- [0170)):

compresses the outer tractor tube poriion into a configuration
having a column strength that resists coliapsing (Figs.: 138, 13G),
and

causes a region of the outer tractor tube portion at the distal-facing
region to roli over itself, unsupported, and invert infc the inner
tractor tube portion (Figs.: 13B, 13G) ; and

an inner tracltor pulier (352) coupled to the inner traclor tube portion and
exiending proximally within the ouler tractor pusher (354).

The subject matter of claim 1 is therefcre not new (Article 33(2) PCT).

independent claim 16, lack of inventive step (Article 33(3) PCT).

The present application does not meet the criteria of Article 33(1) PCT,
because the subject matter of claim 16 does not involve an inventive step in
the sense of Article 33(3) PCT.

Form POT/ISA/Z37 (Separate Sheet) (Sheet 2} (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/050633

Document D1 is regarded as being the prior art closest 1o the subject matier
of claim 18, and discloses self-rolling mechanical atherectomy apparatus
{350) for removing a clot from a vessels (see item 2 above), from which the
subject matter of claim 16 differs in that the outer tractor is configured so that
puliing the inner lractor twbe portion proximally compresses inlo &
configuration having a column strength that resists collapsing up to at least
500g of compression and extends inner tracior portion tube portion.

The present authority considers that the outer tractor portion column strength
resistance claimed is merely one of several straightforward possibilities from
which the skilled person would select, in accordance with circumstances,
without the exercise of inventive skill, in order to prevent buckling when the
catheter is pulled over the distal annulus (distal end opening).

Hence, no inventive step is present in the subject matter of claim 186.

4 independent claim 30, lack of inventive step (Article 33(3) PCT

N

The present application does not meet the criterla of Article 33(1) PCT,
because the subject matter of claim 30 does not invoive an inventive siep in
the sense of Article 33(3) PCT.

Document D1 is regarded as being the prior art closesi o the subject matter
of claim 30, and discloses seif-rolling mechanical atherectomy apparatus
(350) for removing a ciot from a vessels (see item 2 above) comprising a
tractor tube formed by expandable braided wires, from which the subject
matter of claim 30 differs in that the outer tractor tube portion has an
expanded configuration with a distal-to-proximal facing braid angle for the
expanded configuration of between about 80 and about 170 degrees; and
wherein the outer tractor tube portion of the iractor tube is configured o
expand 1o between about +/- 30% cf an outer diameter of the outer traclor
pusher.

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 3} (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/050633

o

The present authority considers thal the outer tube portion expanded
configuration claimed is merely one of several straightforward possibilities
from which the skilled person would select, in accordance with circumstances,
without the exercise of inventive skill, in order to be able o obtain a self-
rolling {e.g., unsupporied) tractor ube apparatus that will not kink or collapse
or otherwise fail.

Hence, no inventive step is present in the subject matter of claim 3Q.

Dependent claims 2- 15 and 17- 29 appear to contain no features which in
combination with the feaiures of any claim to which they refer, meet the
requirements of the PCT in respect to novelly/ inventive step, since these
features gre also present in the athereciomy apparatus of documents B1- D3
or are well kKnown alternatives to the skilled man and here applied with no
surprising effect.

Re Hlem Vi

Certain defects in the international application

~4

[92]

independent claim 1 is not in the two-part form in accordance with Rule 8.3(b)
PCT, which in the present case would be appropriate, with those features
known in combination from the prior art D1 being placed in the preamble
(Rule 6.3(b)(i) PCT) and the remaining fealures being included in the
characterising part (Rule 8.3(b)(ii) PCT).

The features of claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Contrary io the reguirementis of Rule 5.1(a){iiy PCT, the relevant background
art disclosed in documents D1- D3 is not mentioned in the description, nor are
these documents identified therein.

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 4) (EPO-April 2005}
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44}

Applicant's or agent's file referenus FOR FUBTHER see Forrm PETASAB]
GWM-02-PCT1 ACTION as well as, where applicable, item & below.
International application No. international filing dale {dawmonihiear {Earliest) Priority Dste {day/monthiear)
PCT/US2017/022345 25 April 2017 {25-04-2017) 25 April 2016 (25-04-2018)

Applicant

STRYKER CORPORATION

This international search report h
according to Article 18, A copy

as been preparad by this international Searching Autharity and is transmitted to the applicant
is being transmitted to the International Bureau.

P R N o 7
' nerna H aty re FISISLS 1 wwor SN .
This international search report consists of a total of 4 shaets
itis also accompanied by a copy of each prier arl document cited in this report.

1. Basis of the report
a.  With regard to the language, the internaticnal search was carried out on the basis of;
the international application in the languags in which it was filed

m atransiation of the international apptication into , which is the language
of a translation furnishad for the purposes of intemational search (Rules 12.3(a} and 23.1(b)}

=

This international search report has been established taking info account the rectiication of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Ruie 43.50is{a}).

]

With regard to any nucleotide and/or amino acld sequencs disclosed in the international application, see Box No. L

o
(=]

Certain claims were found unsearchable (See Box No. i)

[
]

Unity of invention is iacking (see Box No i)

..P.

With regard to the title,
the text is approved as submitted by the appticant

l:l the text has basn established by this Authority to read as foliows:

5. With regard {o the abstract,
the iaxt is approved as submitted by the applicant

the {ext has been established, according to Rule 38.2, by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search raport, submit comments to this Authority

8. With regard {o the drawings,
a. the figure of the drawings o be pubiished with the absiract is Figure No. 8a
3s suggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
L__} as selected by this Authority, because this figure better characterizes the invention

b l:l none of the figures is to be published with the abstract

Form PCTASAZ10 (first sheet) (January 2015)
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intsrnational spplication No.

INTERNATIONAL SEARCH REPORT PLT/US2017/029345

BoxNo. it Observations where certain claims were found unsearchable {Continuation of item 2 of first sheet)

This infernational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

=

Claims Nos.: 34.-

bacauss they relate fo subject maller not required to be searched by this Authorily, namely:

Rule 38.1(iv} PCT ~ Method for treatment of the human or animal body by
surgery

2. E Claims Nos.: 34-42
becauss they relate to parts of the international application that do not comply with the prescribed requiraments to such
an extent that no meaningtul internationat search can be carried out, specifisally:

see FURTHER INFORMATION sheet PCT/ISA/210

3 D Claims Nos
because they are dependsnt claims and are not drafted in accordance with the second and third sentences of Hule 6.4(a).

Box No. Bl Observations where unity of invention is lacking (Continuation of tem 3 ot first sheet)

This international Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. Ag all reqjuired additional search fees wera timely paid by the applicant; this internationai saarch raport oovers all searchable
claims.
2 As all searchable claims could be searched without effort justifying an additional fees, this Authority did net invite payment of

additional fees.

3. As only some of the required additional search fees were timely paid by the spplicant, this international search report covers
only thosa claims for which fees were paid, specifically claims Nos.:

4, No required additicnal search fees were timely paid by the applicant. Consequently, this international search report is
regtricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-33

Remark on Protest

Form PUTASARZ1G {continuation of first shaet (2)) (Apnt 2005)
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2017/029345

A. CLASSIFICATION OF SUBJECT MATTER
INV, A8IBR17/22 AG1B17/221
ADD.

Accercing to International Patent Classifization ({PC) or to beth national slassification and IPC

B. FIELDS SEARCHED

AclB

Minimum documentation searched (slassification system followed by slassification symboels)

Documentation searched other than minimum desumentation to the extent that such decuments are included in the flelds searched

EPC~Internal

Electronis data base consuited during the internaticnal search (name of data base and, where practicable, search terms usaecl)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categary”

Citation of document, with indication, where appropriale, of the relevant passages

Relevant to claim Ne.

LLC) 17 July 2013 (2813-07-17)

A abstract: claims; figures

30 September 2010 (2019-09-30)

paragraphs [0026],

Y GB 2 498 349 A {COOK MEDICAL TECHNOLOGIES

page 8, line 12 ~ page i1, line 16
Y US 20187249815 Al (JANTZEN ET AL.)

[68027]1: figures 1,2
m/_..

1-3,5,
7-16,19,
21,
23-26,
29-31,
33,62-73
43-45

1-3,5,
7-16,19,
21,
23-26,
29-31,33

Further documents are listed in the continuation of Box C.

See patent family annex.

®

Special categories of cited documents :

A" document defining the general state of the art which is net considered
to be of particular relevance

earfier application or patent but published on or afler the internationat
filing date

»

m

“L" dosumentwhich may throw ceubls on priority dlaim{s) orwhich is
gited to establish the publivation date of another citation or cther
special reason {as specitiad)

") dosument referring to an oral disclosure, use, exhibition or other
means

P document published prior to the intemational filing dale but later than
the pricrity date claimed

-

g

e

go

later document published after the internationatl filing date or priority
date and not in senflict with the application but cited {o understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel ar sannct be considered to involve an inventive
steg when the document is taken alone

document of particiilar relevance; the claimed invention sannot be
considered {0 involve an inventive step when the dosument is
sombines with one or more sther such decuments, such combination
being obvious to & person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

12 Jdanuary 2018

Date of mailing of the intemational searsh report

2870272818

Name and maifing addreas of the {SA/

Eurcpean Patent ‘Iffise, P.3. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. {+31-70) 340-2049,
Fax: {(+31-70) 340-301&

Authorized officer

Giménez Burgos, R

Foro PCT/IBA/21G {secand sheet) {Aprit 2008)

-4504-
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2017/029345

C{Contlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of dosument, with indication, where appropriate, of the relavant passages

Relevant to slaim No.

y

A

AP

WC 2012/049652 Al (ENDOGROWTH
(PROPRIETARY) LTD)

18 April 2012 {(2012-84-19})

page 8, line 32 - page 15, line 26;
figures 4-10

US 4 863 446 A {CHIN)

5 September 1989 {1989-09-05)
abstract; Tigures

WG 2012/009675 A2 {LAZARUS EFFECT, INC.)
19 January 2012 {(2612-81-19)
paragraphs [8152], [6153], [0167] -
[6172]; figures 10, 13B, 136G

US 2007/149996 Al (COUGHLIN)

28 June 2007 {2007-06-28)

abstract; figures §,7

paragraph [66832]

BS 2007/213765 Al (ADAMS ET AL.)

13 September 2007 (2607-09-13)
paragraphs [8050], [0083]; figures 1B,
134,138

US 2015/190155 Al {(ULM, I1I)

9 July 2015 (2015-07-89)

paragraph [8179]; figures 21-29

WO 20177058288 Al (GW MEDICAL LLC)

6 April 2617 (2017-04-06)

the whole document

7-10

1.32,33

43-46,
48-51,
53-78,73

Foro PCT/ASA/21G (continuation of second sheet) (April 2008)

-4505-
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INTERNATIONAL SEARCH REPORT

information on patent family members

international application No

PCT/US2017/029345

Patent document Publication Patent family Publication

cited in search repoert date member{s) date

6B 2458349 A 17-97-2013  EP 2802275 Al 19-11-2014
GB 2498349 A 17-67-2013
Us 2015005781 Al gl-01-2015
WO 2013106146 Al 18-07-2013

Us 2010249815 Al 39-09-2016  NONE

WO 20120439652 Al 19-84-2012 US 2013226196 Al 29-08-2013
WO 2012049652 Al 19-64-2012
21 201362264 B 30-04-2014

Us 48634490 A 05-09-1589 €A 1326198 € 18-01-19%4
DE 3686408 D1 17-69-1992
DE 3686408 T2 21-61-1993
EP 0227583 A2 01-67-1987
JP 2525838 B2 04-69-19%6
JP S62170268 A 27-67-1987
us 4863448 A 05-08-1989

W0 2012089675  AZ 19-81-2012 US 2014005712 Al 02-01-2014
WO 2012008675 A2 18-01-2012

US 2087149996 Al 28~-(6~-2067  NONE

Us 2007213765 Al 13-938-2007 AT 375131 ¥ 15-16-2087
AT 469614 7 15-66-2010
AU 2003247676 Al 02-02~2004
DE 60316814 12 17-07~2008
EP 1534178 Al 01-06~2005
EP 1854428 Al 14-11-2007
ES 2291689 13 01-63-2008
ES 2344616 T3 01-69-2018
US 2004010280 Al 15-01-2004
Us 2007213765 Al 13-49-2087
WO 2004006803 Al 22-61-2004

Us 2015190155 Al 09-07-201% US 2015190155 Al @9-67~2015
Us 2015190156 Al 09-07-2015

WO 2017858280 Al 06~-04-2017  US 9463635 Bl 11-16-2016
US 2017086864 Al 36~03-2017
WO 2017058280 Al 06-64-20L7

Form PCT/IBA/21G (patent family annex) (April 2008)

-4506-




international Application No. PCT/ US2017/ 629345

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple {groups of}
inventions in this international application, as follows:

1. claims: 1-33

Mechanical thrombectomy apparatus comprising: an slongate
inversion support; a tractor: and a plurality of projections
that extend from a portion of the tractor.

2. claims: 43-61

Mechanical thrombectomy apparatus comprising: an elongate
inversion suppori; a tractor comprising a flexible tube
extending longitudinally, wherein the fiexible tube
comprises longitudinally alternating regions of higher and
Tower stiffness; and a puller coupled to a first end of the
tractor.

3. claims: 62-73

Mechanical thrombectomy apparatus comprising: an slongate
inversion support; a tracior, wherein the tractor is biased
to expand to have an inner diameter that is greater than the
outer diameter of the elongate inversion support: in the
inverted configuration and is biased to expand to have an
inner diameter that is greater than the inner diameter of
the elongate inversion support in the un-inverted
configuration; and an elongate puller coupled to the first
end ¢f the iractor.
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international Application No. PCT/ US2017/ 629345

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

Continuation of Box 1i.1

Claims Nos.: 34-42

Rule 39.1{(iv) PCT - Method for treatment of the human or animal body by
surgery

Continuation of Box 1I.2

Claims Nops.: 34-42

Rule 39.1{(iv} PCT - Method for treatment of the human or animal body by
surgery

The applicant®s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination {Rule 66.1{e} PCT). The applicant is advised that the EPG
pelicy when acting as an Internaticnail Preliminary Examining Authority is
normally net to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whather or not ths
claims are amended following receipt of the search report or during any
Chapter 11 procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination hefore the EPQ (see EFD Guidelines C-iV, 7.2},
should the problems which led to the Article 17(2) declaration be
overcome.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017029345

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

0
3

the international application in the fanguage in which it was filed.

a transiation of the infernational application info | which is the language of a transiation furnished for the
purpesas of international search (Rules 12.3(a) and 23.1 (b}).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43b6i5.1(8))

With regard to any nuclestide andor amino acld segusnce disclosed in the international application, this
opinion has been eatablished on the basis of a sequence listing:

a. i1 forming part of the intarnational application as filed:
[ in the form of an Annax CST.25 text file.
[ on paper or in the form of an image file.

p. B3 iurnished togather with the international application under PCT Rule 13#er.1{(a) fov the purposes of
international search only in the form of an Annex C8T .25 texi file,

¢. [ furnished subsequent to the internationa filing date for the purposes of international ssarch only:
[ in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).
L1 on paper or in the form of an image file {Rule 13#er.1(b) and Administrative Instructions, Saction

713).

in addition, in the case thal more than ong version or copy of a sequence listing has been filed or furnished,
the required statements that the information in tha subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriale, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017029345

Boyx No. ll Non-astablishment of opinion with regard to novelly, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, o involve an inventive step (io be non
chvious), or to be indusirially applicable have not been examined in respact of

{1 the entire international application

& claims Nos. 34-42

because:

3 the said international application, or the said claims Nos.  relate to the following subject matter which does
not require an international search (specify):

O the description, claims or drawings (ndicate particular elements befow] or said claims Nos.  are so unclear
thal no meaningful opinion could be formed (specify):

O the claims, or said claims Nos. are so inadequately supported by the description that no maaningful opinion
could be formed {specify):

& no international search report has been astablished for the whole appiication or for said claims Nos. 34-42

O a meaningiul opinion could not be formed without the saquance listing; the applicant did not, within the
prescribad fime imit:

O furnish a sequenge listing in the form of an Annax CST.25 text file, and such listing was not available
to the international Searching Authority in the form and manner acceptable to i) or the sequence listing
furnished did not comply with the standard provided for in Annex C of the Administrative Instructions.

L1 furnish a sequence listing on paper or in the form of an image file complying with the standard providad
for in Annex C of the Administrative Instructions, and such #isting was not availabie 1o the International
Searching Authority in the form and manner acceptabls to it; or the sequence lfisting furnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

O pay the required late furnishing fae for the furnishing of a sequence listing in response o an
invitation under Rule 13fer.1{a) ur {b).

See Supplemenial Box for further details

Form PCTASA/237 (January 2015}

-4511-



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017029345

Box No. IV Lack of unity of invention

1. ¥ Inresponse to the invitation (Form PCTASA/RZ06) to pay additional fees, the applicant has, within the
applicable tims limit:

K paid additional fees

{3 paid adgitional fees under protest and, where applicable, the protest fee

{1 paid additional fees under protest but the applicable protest fee was not paid
{3 not paid additional foes

2. ] This Authority found that the requirement of unity of invention is not complied with and chose not to invile
the applicant to pay additional fees.

w3

This Authority considers that the requiremeant of unity of invention in accordance with Rule 13.1, 132 and 133 is

{3 complied with
B3 not compliad with for the following reasons:

sea separate shest

4. Conssquently, this report has been established in respect of the following parts of the international application:
O alf parts.

B the parts rafating to claims Nos. 1-73

Box No. ¥V Reasoned statement under Rule 43bis.1{a)(i} with regard io novelly, inventive step or
industrial applicability; citations and cxplanations suppeorting such statement

1. Statement

Novelty (N) Yes: Claims 1-33,43-73
No:  Claims
inventive step (i8) Yes: Claims 4,.6.17,.18,20. 22, 27, 28, 32,43-61
No:  Claims 1-3.5.7-16. 19, 21, 23-26, 28-31, 33, 62-73

industrial applicability (14) Yes: Claims 1-33,43-73
No:.  Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2017029345

Box No. Vi Certain documents ciled

1. Certain published documents (Rules 43b/5.1 and 70.10)
and/or
2. Non-written disciosuras (Rules 43bis.1 and 70.9)

see form 210

Box No. Vi Geriain defocts in the international application

The following defects in the form or contents of the international application have heen notad:

see separate shest

Box No. Vill  Certain observations on the infernational application

The inllowing nbservations on the clarity of the claims, description, and drawings or on the question whethar the
olaims are fully supporiad by the description, are mads:

see separate shest

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

He Hlem il

Non-establishment of opinion with regard to novelly, inventive step and
industrial applicability

The methods according 1o claims 34- 42 are methods of treatment of the living
human or animal body by surgery.

The surgical methods claimed, at least implies the surgical step of positioning a distal
end of the thrombectomy apparatus adjacent to a clot within the vessel.

Therefore, no preliminary international examination is required to the subject matier of

—

these method claims (see Article 34{(4) and Rule 67.1 {iv} FCT).

Re ltem {V

Lack of unity of invention

This Authority considers that the application does not meet the requirements of unity
of invenlion and that there are three inventions covered by the claims indicaled as
foliows:

claims: 1-33

Mechanical thrombectomy apparatus comprising: an elongate inversion
support; a iractor; and a plurality of projections that extend from a portion of
the tractor.

claims: 43-61

Mechanical thrombectomy apparatus comprising: an elongate inversion
supporl; a traclor comprising a flexibie tube extending longitudinally, wherein
the flexible tube comprises longitudinally alternating regions of higher and
lower stiffness; and a pulier coupled to a first end of the tractor.

claims: 82-73

Form PCT/ISA/237 (Separate Sheetl) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

Mechanical thrombectomy apparatus comprising: an elongate inversion
support; a tractor, wherein the tracior is biased to expand 10 have an inner
diameter that iz greater than the ocuter diameter of the elongate inversion
suppott; in the inverted configuration and is biased to expand to have an
inner diameter that is greater than the inner diameter of the eiongate
inversion suppert in the un-inverted configuration; and an elongate puller
coupled to the first end of the tracior,

The common technical features of subjects 1- 3 is:

"A mechanical thrombeclomy apparatus for removing a clot from a vessel, the
apparatus comprising:

an elongate catheter having a proximal end and a distal end and z distal end opening;

a tractor comprising a flexible tube that extends distally in an un-inverted configuration
within the catheter, inverts over the distal end opening of the catheter and extends
proximally in an inverted configuration along the distal end of the catheter, wherein
the tractor comprises a tubular wall, and wherein the tractor is configured to invert by
roiling over the distal end opening of the catheter when a first end of the tractor is
pulied proximally within the catheter”.

These features are known from prior art document GB 24988348 A,

in particular, document GB 2498349 A (Figs.: 1- 3; page 8, line 12- page 11, line 5)
discloses a mechanical thrombectomy apparatus for removing a clot from within a
vessel, the apparatus comprising:

an elongate catheter (12} having a proximal end and a distal end and a distal
end opening;

a tractor (14} comprising a flexible tube that exiends distally in an un-inverted
configuration within the catheter (12}, inverts over the distal end opening of
the catheter {12) and extends proximally in an inverted configuration along the
distal end of the catheler {12), wherein the traclor (14) comprises a tubular
wall, and wherein the tractor is configured {0 invert by rolling over the distal
end copening of the catheter (12) when a first end (186) of the tractor {14) is
pulled proximally within the catheter (12).

Form POT/ISA/Z37 (Separate Sheet) (Sheet 2} (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

Therefore, the special technical features, in the sense of Rule 13.2 PCT, of the three
subjects are:

a plurality of projections that extend from_a portion of the tractor: in order o
provide an improved clot grabbing and/or maceration.

for subject 2: that the mechanical thrombectomy apparatus tractor comprises
a flexible tube extending longitudinally, wherein the flexible tube comprises
fongitudinally slternating regions of higher and lower stiffness; in order io
enhance roliing of the tractor region (inverting) over the distal end

for subject 3: that the mechanical thrombectomy apparatus tractor is biased
1o expand to have an inner diameler that is greater than the cuter diameter of
expand to have an inner diameter that is greater than the inner diameter of
the elongate inversion support in the un-inverted configuration; in order o
prevent jamming and an increase resistance between the tractor and the
outside of the catheter of the elongate inversion support.

it appears that between the different subjects mentioned, no same or corresponding
special feature can be found apart from these already known from the prior art.

itis alsc submitted that the three different subjects clearly intend {0 sclve problems of
different nature.

in conclusion, there is not technical relationship between the subjects identified, and
thus, the above mentioned set of claims is not so linked by a general inventive
concept.

He Hem V

Reasoned siatement with regard 1o novelty, invenlive slep or industrial
applicability; citations and explanations supporting such statement

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 3} (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2017/028345
1 Reference is made to the following documents:
DY GB 2 488 349 A {(COOK MEDICAL TECHNOLOGIES LLG)
D2 S 2010/249815 A1 (JANTZEN ET AL)
D3 WO 2012/049652 A1 (ENDOGRCOWTH (PROPRIETARY) LTD)
D4 LS 4 863 440 A (CHIN)
D5 WO 2012/009675 A2 (LAZARUS EFFECT, ING))
D8 US 2007/149998 A1 (COUGHLIN)
D7 LS 2007/213765 A1 (ADAMS ET AL)
D8 LS 2015/190155 A1 (ULM, il

18]

Subject 1 Claims 1- 33

independent claim 1, lack of inventive step (Article 33(3) FCT).

The present application does not meet the criterda of Article 33(1) PCT,
because the subject matter of claim 1 does not involve an inventive step in
the sense of Article 33(3) PCT.

2.1 Document B1 {Figs.: 1- 3; page 8, line 12- page 11, {ine 5) is regarded as
being the prior art closest o the subject matter of claim 1, and discloses a
mechanical thrombectomy apparatus for removing a clot from within a vessel,
the apparatus comprising:

an elongate catheter (12) having a proximal end and a distal end and a
distal end opening;

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 4) (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

a tractor (14) comprising a flexible tube that extends distally in an un-
inverted configuration within the catheter (12), inverts over the distal end
opening of the catheter {(12) and exiends proximally in an inveried
configuration along the distal end of the catheter {12}, wherein the
tractor (14) comprises a tubular wall, and wherein the tracter is
configured to invert by rolling over the distal end opening of the catheter
{12} when a first end {186} of the fractor (14) is pulled proximally within
the catheter (12).

2.2 The subject-matter of claim 1 therefore differs from this known mechanical
thrombectomy apparatus in that it further comprises: a plurality of projections
that extend from a portion of the tractor that is inverted over the distal end
opening of the catheter as the tractor rolis over the distal end opening of the
catheter, wherein the plurality of projections do not extend from the tractor as
it extends proximally in the inverted configuration along the distal end of the
catheter.

2.3 The problem to be solved by the present invention may be regarded as the
need for enhancing ciot grabbing and/or maceration.

2.4 However, the outstanding differing features have already been employed for
the same purpose in a similar mechanical thrombectomy apparatus for
removing a clot from a vessel (see document B2: paragraphs [(026] and
[0027]; and Figs.. 1 and 2}.

in particular, document D2 discloses a tractor comprising a scraping and
thrombus capturing tube (20} of flexible material everted everted upon itself;
and a plurglity of projections {32, 34, 54) that extend from an internal portion
of the eversible tractor (20).

ro
o

it would be obvious to the person skilled in the art, namely when the same
result is to be achieved, 1o include a plurality of projections extending from a
portion of the tractor, as disciosed in document D2, with corresponding effect
to the flexible tube tractor of document D1, thereby arriving at a mechanical
thrombectomy apparatus for removing a clot from a vessel according to
claim 1.

Form PCT/ISA/Z37 {Separate Sheetl) (Sheet 5) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

(€3]

(6]

Therefore, the subject matter of claim 1 is not inventive {Article 33{3) PCT.

independent claim 33, lack of inventive step (Article 33(3) PCT).

The additional technical feature inciuded in claim 33, wherein the tractor is
sufficiently soft such that without support from the catheter, the fractor
collapses radially under an axial compression of less than 200g of force when
inverting; is considered o come within the scope of the customary practice
tollowed by persons skilled in the art, especially as the advantages thus
achieved can readily be foreseen.

Therefore, the same reasoning applies, mutatis mutandis, to the subject-
matter of the corresponding independent claim 33, which therefore is also
considered not inventive,

Dependent claims 2, 3, §, 7- 18, 15, 21, 23~ 26, 25- 31 appear {o contain no
features which in combination with the features of any claim to which they
refer, meet the requirements of the PCT in respect {0 novelty/ inveniive step,
since these features are also present in the mechanical thrombectomy
apparaiuses of documents D1- D3 or are well known alternatives o the
skilled man and here applied with no surprising effect.

The combination of the features of claims 4, 8, 17, 18, 20, 22, 27, 28 and 32
is neither known from, nor rendered obvicus by, the available prior art.

Subject 2: Claims 43-61

Form POT/ISA/Z37 (Separate Sheet) (Sheet 8} (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

(83}

[3]
—

6.4

independent claims 43, 44 and 45, positive opinion.

Document D1 (Figs.: 1~ 3; page 8, line 12- page 11, line b} is regarded as
being the prior art closest to the subject-matier of claims 43, 44 and 45, and
discloses a mechanical thrombectomy apparatus for removing a clot from
within a vessel, the apparatus comprising:

an elongate catheter (12) having a proximal end and a distal end and g
distal end opening;

a tractor {14) comprising a flexible tube exiending al least partially
longitudinally within the catheter (12) to invert and extend over the distal
end of the catheter; and

a puller {20) coupled 1o a first end of the tractor (14) and configured o
pull the tractor (14) proximally o inveri the tracior {14} over the distal
end opening.

The subject matier of claims 43, 44 and 45 therefore differs from this known
mechanical thrombeclomy apparalus in that:

the tractor flexible tube comprises longiiudinally ailternaling regions of
higher and lower stiffness {3001, 3003, 3001, 3003,...}, wherein the
regions of higher siiffness (3001) have a siifiness that is greater than the
regions of lower stiffness {3003).

The problem 1o be solved by the present invention may be regarded as the
need for a thrombectomy apparatus that prevents jamming and alse helps to
grab the clots; due to the raicheting action obtained by the variable stifiness
alternating regions as they invert (roll) at the distal facing end of the elongate
fnversion support.

The solution to this problem proposed in claims 43, 44 and 45 of the present
application are considered as involving an inventive step {(Article 33(3) PCT)
because the subject matter of claims 43, 44 or 45 is neither suggesied in the
relevant prior ard, nor detailed hints towards the specific solution claimed can
be seen to exist in the prior art.

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 7Y (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

8.1

Claims 46- 61 which are dependent claims 43, and/or 44, and/or 45 and
likewise meet the reguirements of the PCT with respect to novelly and
inventive step.

Subiject 3: Claims 62- 73

independent claim 82, lack of inventive slep (Article 33(3) PCT).

The present application does nol meet the criteria of Article 33(1) PCT,
because the subject matter of claim 1 does not involve an inventive step in
the sense of Article 33(3) PCT.

Document D1 (Figs.: 1- 3; page &, line 12- page 11, Iine &) is regarded as
being the prior arl closest to the subject matter of claim 1, and discloses a
mechanical thrombectomy apparatus for removing a clot from within a vessel
without jamming {Figs.: 1- 3), the apparatus comprising:

an eiongate inversion support comprising a catheter (12) having a
proximal end and a distal end and a distal end opening;

a tractor {14) comprising a flexible tube that extends distally in an un-
inverted configuration {16) within the catheter (12}, inveris over the distal
end opening of the catheter {12} and extends proximally in an inverted
configuration {18) along the distal end of the catheter {12), wherein the
tractor (14) comprises a tubular wall, wherein the tractor is configured to
invert by roliing over the distal end opening of the catheter (12} when a
first end (16) of the tractor (14) is pulled proximally within the catheter
{12} {page 10, lines 7- 11), wherein the tractor {14) is biased o expand
greater than the outer diameter of the catheter (12) in the inverted
configuration and biased to expand greater than the inner diameter of
the catheter in the un-inverted configuration (Fig.: 2 and page 9, iines
18- 27); and

Form PCT/ISA/237 (Sieparale Sheet) (Sheet 8) (EPO-April 2005}
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

8.2

8.3

8.3.2

8.4

a puller (20} coupled 1o a first end of the tractor (14) and configured 1o
pull the tractor proximally to invert the tractor {14) over the distal end
opening page 8, ling 26- page 9, line 5).

The subject malter of claim 1 therefore differs from this known mechanical
thrombectomy apparalus in that the apparalus further includes a guidewire
lumen extending through the elongate inversion support, puller and tractor
thal is configured (¢ pass a guide wire; in order o allow the thrombectomy
apparatus to more easily be positioned at the targel sile within the
vasculature by tracking the device over a pre-inserted guidswire.

However, the ouistanding differing features have already been employed for
the same purpose in a similar mechanical thrombeciomy apparalus for
removing a clot from a vessel (see document D8 (Figs.: 8 and 7; and
paragraph [0032]} or B3 {paragraphs [0172]; and Fig.: 13G).

in particular, document D& discleses a similar apparatus with an inversion
support, puller and tractor that is configured to pass a guidewire.

in the embodiment disclosed in Fig.: 7, the elongate pulier (703) has a
guidewire lumen (708} such as a quidewire (708) can pass through the
inversion support catheter, tractor and elongate pulier {paragraph [0032]).

Also document D5 discloses a similar apparatus with a pulier and a tractor
that is configured 10 pass a retrieval device (or suitably a guidewire).

in the embodiment disciosed in Fig.: 13G, the elongate puiler (354) has a
fumen {709) such as a retrieval device (200) can pass through the tractor and
elongate puiler (paragraph [0172]).

it would be obvious to the person skilled in the art, namely when the same
resull is to be achieved, o include an inversion suppori, puller and {ractor that
is configured to pass a guidewirs, as disclosed in document D8, with
corresponding effect to the puller and puller / tractor coupling of document
D1, thereby arriving at a mechanical thrombectomy apparatus for removing a
clot from a vessel according o claim 62.

Form PCT/ISA/237 (Separate Sheetl) (Sheet 9) (EPO-April 2005)
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Therefore, the subject matter of claim 82 is not inventive {Article 33(3) PCT.

9 independent claim 63, lack of inventive step (Article 33(3) PCT).

The same reasoning applies, mutatis mutandis, to the subject matter of the
corresponding independent claim 63, which therefore is also considered not
inventive.

10 Dependent claims 64- 73 appear 10 contain no features which in combination
with the features of any claim to which they refer, meet the requirements of
the PCT in respect 10 novelly/ inventive siep, since these features are alse
present in the mechanical thrombectomy apparatuses of documents D1 and
D86- D8 or are well known alternatives to the skilled man and here applied with
noe surprising effect.

Heltem Vi

Certain documenis ciled

11 Certain published documents:
; L. { Priority  date
L _ . Publication date | Filing daie I\ y .
i Application No : { {valid claim)
L / 7 i {day/ h/ i,
i Patent No 'z (day/month | (day/monthy | {day/month/
: | year} | year _
% s { year)
WO 2017/058280 06/04/2017 1 156/02/2016 | 28/09/2016

Form PCT/ISA/Z3T7 (Separate Sheet) (Sheet 10) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/029345

He ltem VH

Certain defects in the international application

12

13

14

independent claims 1, 32, 33, 43, 44 45 and 83 are not in the two part form in
accordance with Rule 6.3(b) PCT, which in the present case would be
appropriate, with those features known in combination from the prior art being
placed in the preamble (Rule 8.3(b)}(i) PCT) and the remaining fealures being

included in the characlerising part {Rule 8.3(b)(il} PCT).

The features of the claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Contrary to the reguiremenis of Ruie 5.1{a){ily PCT, the relevant background
art disclosed in documents D1- D8 is not mentioned in the description, nor are
these documents identified therein.

He itemn Vill

Certain observations on the international application

15

Although the two groups of claims: 1, 32 and 33; and 43, 44, and 45 have
been drafted as separate independent claims, they appear o relate effectively
fo the same subject matler and to differ from each other only with regard o
the definition of the subject matier for which protection is sought and/or in
respect of the terminology used for the fealures of that subject-matier.

The aforementioned groups of claims therefore lack conciseness and as such
do not meet the requirements of Article 6 PCT.

Form PCT/ISA/237 (Separale Sheet) (Sheet 11) (EFO-April 2005)
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PCT

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44}

Applicant's or agent's file referenus FOR FUBTHER see Forrm PETASAB]
GWM-04-FCT ACTION as well as, where applicable, item & below.
International application No. international filing dale {dawmonihiear {Earliest) Priority Dste {day/monthiear)
PCT/US2018/052807 7 November 2018 {07-11-2018) 9 November 2017 (09-11-2017)

Applicant

STRYKER CORPORATION

This international search report h
according to Article 18, A copy

as been preparad by this international Searching Autharity and is transmitted to the applicant
is being transmitted to the International Bureau.

This international search report consists of a total of 8 shaets.

itis also accompanied by a copy of each prier art document cited in this report.

1. Basis of the report
a.  With regard to the language, the internaticnal search was carried out on the basis of;
the international application in the languags in which it was filed

m atransiation of the international apptication into , which is the language
of a translation furnishad for the purposes of intemational search (Rules 12.3(a} and 23.1(b)}

o

This international search report has been established taking info account the rectiication of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Ruie 43.50is{a}).

With regard to any nucleotide and/or amino acld sequencs disclosed in the international application, see Box No. L

10

Certain claims were found unsearchable (See Box No. i)

[
]

Unity of invention is iacking (see Box No i)

..P.

With regard to the title,
the text is approved as submitted by the appticant

l:l the text has basn established by this Authority to read as foliows:

5. With regard {o the abstract,
the iaxt is approved as submitted by the applicant

the {ext has been established, according to Rule 38.2, by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search raport, submit comments to this Authority

8. With regard {o the drawings,
a. the figure of the drawings o be pubiished with the absiract is Figure No. Ba
3s suggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
L__} as selected by this Authority, because this figure better characterizes the invention

b l:l none of the figures is to be published with the abstract

Form PCTASAZ10 (first sheet) (January 2015)
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intsrnational spplication No.

INTERNATIONAL SEARCH REPORT PLT/U52018/059607

BoxNo. it Observations where certain claims were found unsearchable {Continuation of item 2 of first sheet)

This infernational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

\

1. D Claims Nos.:
nacauss they relate io subject maller not required to be searched by this Authorily, namely:

I
¥
Q0

2. D Claiims Nos.:
becauss they relate to parts of the international application that do not comply with the prescribed requiraments to such
an extent that no meaningtul internationat search can be carried out, specifisally:

3 D Claims Nos
because they are dependsnt claims and are not drafted in accordance with the second and third sentences of Hule 6.4(a).

Box No. Bl Observations where unity of invention is lacking (Continuation of tem 3 ot first sheet)

This international Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. Ag all reqjuired additional search fees wera timely paid by the applicant; this internationai saarch raport oovers all searchable
claims.
2 As all searchable claims could be searched without effort justifying an additional fees, this Authority did net invite payment of

additional fees.

3. As only some of the required additional search fees were timely paid by the spplicant, this international search report covers
only thosa claims for which fees were paid, specifically claims Nos.:

4, D No required additicnal search fees were timely paid by the applicant. Consequently, this international search report is
regtricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The addilional search fees were ascompanied by the applicant's protest and, where applicablg, the

payment of a protest fee.

L1

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limi specified in the invitation.

—_—
i X 1no protast accompaniad the paymert of additional search fees.

Form PUTASARZ1G {continuation of first shaet (2)) (Apnt 2005)
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2018/059607

A. CLASSIFICATION OF SUBJECT MATTER
INV, A8IBI7/221 AGIBI/ /34
ADD.

AGIM1/00

Accercing to International Patent Classifization ({PC) or to beth national slassification and IPC

B. FIELDS SEARCHED

ABlB  AGIM

Minimum documentation searched (slassification system followed by slassification symboels)

Documentation searched other than minimum desumentation to the extent that such decuments are included in the flelds searched

EPC~Internal, WPI Data

Electronis data base consuited during the internaticnal search (name of data base and, where practicable, search terms usaecl)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categary”

Citation of document, with indication, where appropriale, of the relevant passages

Relevant to claim Ne.

2 November 2017 {2617-11-02)

abstract
paragraphs [06633], [6035] -
(048] -~ [6109]; figures 1-12

I <

6 April
¥ abstract
paragraphs {66147,
(6071}, [6887],
[0190]; figures 1-38

2017 (2017-04-06)
[0015],

X WO 20177189550 Al (STRYKER CORP [US])

X WG 2017/058280 Al (GW MEDICAL LLC [US])

[pilg] - [B171],

1-9,
11-15,
29-41
15-28

100367, 16-18

1-18,
29-40
19-28
100431 -

._/....

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special sategories of cited documents :

A" document defining the general state of the art which is net considered
to be of particular relevance
earfier application or patent but published on or afler the internationat
filing date
“L" dosumentwhich may throw ceubls on priority dlaim{s) orwhich is
gited to establish the publivation date of another citation or cther
special reason {as specitiad)

»

m

") dosument referring to an oral disclosure, use, exhibition or other
means

P document published prior to the intemational filing dale but later than
the pricrity date claimed

“T" later document published after the international filing date or priosity
date and not in senflict with the application but cited {o understand

" document of particular relevance; the slaimed invention cannot be
considered novel ar sannct be considered to involve an inventive
steg when the document is taken alone

"Y' document of particiilar relevance; the claimed invention sannot be
considered {0 involve an inventive step when the dosument is

sombines with one or more sther such decuments, such combination

being obvious to & person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

29 March 2019

Date of mailing of the intemational searsh report

2870372819

Name and maifing addreas of the {SA/

Eurcpean Patent ‘Iffise, P.3. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {+31-70) 340-2049,

Fax: {(+31-70) 340-301&

Authorized officer

[oanovici, T

Foro PCT/IBA/21G {secand sheet) {Aprit 2008)

page 1 of 3
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international application No

PCT/US2018/059607

C{Contlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of dosument, with indication, where appropriate, of the relavant passages

Relevant to slaim No.

X
A

A

X,P

X, P

US 2017/383948 Al (WALLACE MICHAEL P [us]
ET AL} 26 Gctober 2617 (2617-10-26)
abstract

paragraphs {6058} - [0084], [91186]
(0148}, {61591 - [8217%; figures 1-
WO 2012/009675 A2 (LAZARUS EFFECT INC
[UST]; MARTIN BRIAN B [US])

19 January 2012 (2012-81-19)

abstract

paragraphs [8167] ~ {6171]; figures 1-22
US 2005/085849 Al {SEPETKA TVAN [US] ET
AL) 21 April 2005 {2005-04-21)

abstract

paragraph [6083}; figures 5-46

44

WO 2017/210487 AL (STRYKER CORP [US])
7 December 2817 (2617-12-07)

abstract

paragraphs {6011} - [08i7], {[0e20] -
[0031], [0635] - [0688}; figures 1-16
WC 2018/649317 ALl {STRYKER CORP [uS])
15 March 2818 {2018-03-15)

abstract

paragraphs (681271, [0821] - [8036],
[c054] ~ [6B55], [0887) - [0134]; figures
1-28

US 2011/160763 Al (FERRERA DAVID & [US] ET
ALY 30 June 26011 {2611-06-30)

abstract

paragraphs {01347, [0244] - [9246]:
figures 2-66

US 2812/683868 Al (SHRIVASTAVA SANJAY [US]
ET ALY 5 April 2012 (2812-04-05)

abstract

paragraph [8052]; figures 1-10

WO 2012/049652 Al (ENDOGROWTH PROPRIETARY
LTD [ZA]; SMITH JAMES [ZA])

18 April 2612 (2012-64-19)

abstract

page 9 - page 17; figures 1-14

US 2014/155980 Al (TURJMAN ALEXIS [UST ET
ALY 5 June 2014 (2014-06-05)

abstract

paragraphs [0257] - [0263]; figure 41

-/’---

1-15,41
16-48

1-41

1-41

1,3,4,8,
18,12,
13,15,
29-48

1-41

1-41

1-41

1-41

Foro PCT/ASA/21G (continuation of second sheet) (April 2008)
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international application No

PCT/US2018/059607

C{Contlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of dosument, with indication, where appropriate, of the relavant passages Relevant to slaim No.
A WO 2017/189591 AL (STRYKER CORP [US]) 1-41

2 November 2017 (2017-11-02)

abstract

paragraph [0044]: figures 1-9

Foro PCT/ASA/21G (continuation of second sheet) (April 2008)
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information on patent family members

international application No

PCT/US2018/059607

Patent document Publication Patent family Publication

cited in search repoert date member{s) date

WO 2017189550 Al 02-11-2017  CN 19931044¢ A 05-62-2019
EP 3448276 Al B6-03-2019
EP 3448277 Al B6-03-2015
Us 2017303942 Al 26-10~-2017
Us 2017303947 Al 26-10-2017
s 2018042626 Al 15-02-2018
WO  281718955C Al g2-11-2017
WO 20817189615 Al g2-11-2817

WO 2017058280 Al 06-04-2017 CN 108348319 A 31-67-2018
EP 3355829 Al B8-08~-2018
EP 3406208 Al 28-11-2018
JP 2018528465 A 11-10-2018
us 9463035 Bl 11-10-2016
Us 2017086864 Al 30-03-2017
WO 2017058280 Al g6-04-2017

Us 2617303948 Al 26-10-2017  EP 3448280 A2 06-03-201%
Us 2017303948 Al 26-18~-26017
WO 28171889535 AZ p2-11-26817

W0 2012809675 A2 18-01-2612 US 2014005712 Al 02-01-2014
Us 2018206865 Al 26-07-2018
WO 2012009675 AZ 1$-¢1-2012

US 2605085845 Al 21-04-2005 US 2005033348 Al 16-42-2005
Us 2005059985 Al 17-03~-2005
US 2085885849 Al 21-04~-2005
Us 2008177296 Al 24-47-2008
Us 2012310251 Al 06-12-2012
s 2014128894 Al 08-05-2014

WO 2017210487 Al 07-12-2017  EP 3463114 Al 16-64-2018
US 2017348614 Al B7-12-28L7
WO 2017210487 Al 07-12-2017

W3 20188049317 Al 15-83-2018 US 2018070968 Al 15-43-2018
WO 2018049317 Al 15-03-2018

US 2011158763 Al 30-06-2011 AU 2816335405 Al 16-68-2012
EP 2367482 Al 28-09-2011
EP 3173637 Al 31-65-2017
JP 5010654 B2 29-68-2012
JP 5975737 B2 23-08~2016
JP 2012183368 A 27-09~2012
JP 2012510352 A 10-65-2012
JP 2018104212 A 09-66-2016
Us 2011160742 Al 30-06-2011
Us 2011160757 Al 30~06-2011
s 2011166768 Al 30-66-2011
s 2011166761 Al 306-06-2011
Us 2011160763 Al 30-06~-2011
Us  281123816& Al 29-09~2011
Us 2812016406 Al 19-01-2612
Us 2812022576 Al 26=01-2012
s 2012041460 Al 16-02-2012
Us 2012041475 Al 16~-02-2012
Us 2012316600 Al 13-12-20812

Form PCT/IBA/21G (patent family annex) (April 2008)
page 1 of 2
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PCT/US2018/059607

Patent document Publication Patent family Publication

cited in search repoert date member{s) date
Us 2014121758 Al 81-65-2014
WO 2011082319 Al 07-07-2011
Us 2012683868 Al 05-04-2012  BR 112013007860 AZ 21-06-2016
N 193153214 4 12-06-2013
EP 621375 Al 07-68-2013
JP 5615879 B2 25-16-2014
JP 6042372 B2 14-12-20816
JP 6346221 B2 20-66-2018
JP 2013542758 A 28-11-2013
JP 2814193379 A 0%-18~-2014
JP 2016172048 A 2%-09~2016
KR 20130076868 A 08-67-2013
US 2012083868 Al 05-04-2012
UsS 2015287375 Al 22-160-2015
WO 2012044757 Al 85-04-2012
WO 2012049652 Al 19-04-2012 US 2013226196 Al 29-68-2013
WO 2012048652 Al 19-04-2012
ZA 201382264 B 30-04~2014
US 20141559886 Al 05-06-2014  EP 2869887 A2 13-65-2015
JP o 2015521822 A 03-68-2015
US  2014155%8¢ Al 05-06-2014
Us 2015236820 Al 26-68-2015
US 20163540699 Al 08-12-2016
WO 20140084680 AZ 09-01-2014
WO 2017189591 Al 62-11-2017 N 199414272 A 01-63-201%
EP 3448278 Al 06-03-201%
Us 2017303839 Al 26-10-2017
US 2018042624 Al 15-62-2018
WO 20817189591 Al g2-11-2817

Form PCT/IBA/21G (patent family annex) (April 2008)
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international Application No. PCT/ US2018/ 059687

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of}
inventions in this international application, as follows:

1. claims: 1-15, 41

Inverting tube aparatus for removing a clot from a vessel
comprising an inversion support catheter, a puller and a
flexible inverting tube with a cuff at the second end

1.1, ciaim: 41

Inverting mechanical thrombectomy aparatus for removing a
clot from a vessel comprising an inversion support catheter
with a plurality of slots or cut-outs for enhancing
flexibility, a puller and a flexible knitted inverting tube

2. claims: 16, 18

Inverting tube aparatus for removing a clot from a vesse]
comprising an intermediate catheter, an inversion support
catheter, & puller and a knitted inverting tube with
filament knitted to form a plurality of interlocking loop
stitched having a length between 0,5 and 18 mm

3. claims: 17, 19-28

Inverting tube aparatus for removing a clot from a vessel
comprising an inversion suppori catheter, a puller and a
knitted inverting tube having a first and a second
configuration, the knitted tube having an expanded cuter
diameter of 0,5-12 mm for the first region adjacent the
first end in the first configuration, an inner diameter
grater than 30% of an inner diameter of the inversion
support catheter in the second configuration, and a second
region of the knitted tube adjacent the secend end has an
expanded outer diameter less than the expanded cuter
diameter of the knitted tube region adjacent the first end
and within 20% of an outer diamster of the inversion support
catheter.

4, claims: 29-40

Pre-loaded inverting mechanical thrombectomy aparatus for
removing a clot from a vessel comprising an intermediate
catheter, an inversion support catheter, a puller and a
flexible inverting tube extending between the inversion
suppovrt catheter and the intermediate catheter, wherein the
puller and the inversion support catheter are releasabl held
together,

-4532-
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From the
INTERNATIONAL SEARCHING AUTHORITY

To PCT
- WRITTEN OFINION OF THE
see form PCTASAR220
INTERNATIONAL SEARCHING AUTHCRITY
(PCT Rule 430/s.1)
Date of mailing
{Qaymonthivear) see form PCTASARZ10 (second sheet)
Applicant's or agent's file reference FOR FURTHER ACTION
see form PCTASARZ20 See paragraph 2 below
international application No. international filing date {oayinenthiear) Priority date {dayfnonthiear}
POTAIS2018/068607 0711 2018 08.11.2017

infernationat Patent Classification (IFG) or both national classification and IPC

INV. Ag1B17/221 A61B17/34 AGTM10

Applicant

STRYKER CORPORATION

1. This opinion contains indications relating to the following items:
Z Box No. | Basis of the epinion
4 Box No. il Priority
Ll Box No. i Noen-sstablishment of opinion with regard to novelty, inventive step and industrial applicability
A Box No. IV Lack of unity of invention
7 Box No. ¥ Reasoned statement under Rule 43bis. 1{a){i} with regard to novelly, inventive step and indusirial

applicability; citalions and explanations supporting such siatement

b4 Box No. VI Certain documents cited
B Box No. Vi Certain defects in the international application
B Box No. VHE  Certain observations on the international application

2. FURTHER ACTION
if & demand for infernational preliminary examination is made, this opinion will usually be considered to be a
written opinion of the international Preliminary Examining Authority ("IPEA"} except that this does not apply whare
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Ruls 88.1bis(b) that written opinions of this International Searching Authority
will not be so considered.
if this opinion is, as provided gbove, considerad to be a writien opinion of the IPEA, the applicant is invited to
submit 1o the IPEA a writlen reply together, where appropriate, with amendmeanis, before the exgpiration of 3 months
from the date of mailing of Form PCTASARZ2C or before the expiration of 22 months from the priority date,
whichever expiras later,
Far further options, ses Foim RPCTASARZ20.

Name and mailing address of the IGA: Date of complation of Auvthorized Cfficer

........... NL-2280 HV Rijswijk - Pays Bas CTASAR10

this opinion AT,

Europaan Patent Office . @ Y
P.B. 5818 Patenttaan 2 See 1orm loanovici, T g gg :

Tel. +31 70 340 - 2040 Telephone No. +31 70 340-0 5
Fax: +31 70 340 - 3015

Form PCTASARSY (Cover Shaet) (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2018059607

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

0
3

the international application in the fanguage in which it was filed.

a fransiation of the infernational application info | which is the language of a transiation furnishad for the
purpeseas of international search (Rules 12.3(a) and 23.1 (b}).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43b4i5.1(8))

With regard to any nuclestide andbor amino acld segusnce disclosed in the international appilication, this
opinion has been eatablished on the basis of a sequence listing:

a. i1 forming part of the intarnational application as filed:
[ in the form of an Annax CST.25 text file.
[ on paper or in the form of an image file.

b, B3 iurnished togather with the international application under PCT Rule 13#er.1{a) fov the purposes of
international search only in the form of an Annex C8T .25 texi file,

¢. [ furnished subsequent to the internationa filing date for the purposes of international search only:
[ in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).
L1 on paper or in the form of an image file {Rule 13#er.1(b) and Administrative Instructions, Saction

713).

in addition, in the case that more than oneg version or copy of a sequence listing has been filed or furnished,
the required statements that the information in tha subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriale, were
furnished.

5. Additional comments:

Box No. i Priority

EREY

The validity of the priority claim has not been considered because the International Searching Authorily
does not have in its possession a copy of the carlier application whose priority has been claimed or, where
required, a transtation of that earlier application. This opinion has nevertheless bean established on the
assumption that the relevant date (Rules 43bis.1 and 64.1} is the claimed priority date.

This opinion has bean established as if no priorily had besn claimed due o the fact that the priority claim
has been found invalid (Rules 430is.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is considered {0 be the relevant date.

3. Additional obsearvations, il necessary:

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2018059607

Box No. IV Lack of unity of invention

1. ¥ Inresponse to the invitation (Form PCTASA/RZ06) to pay additional fees, the applicant has, within the
applicable tims limit:

K paid additional fees

{3 paid adgitional fees under protest and, where applicable, the protest fee

{1 paid additional fees under protest but the applicable protest fee was not paid
{3 not paid additional foes

2. ] This Authority found that the requirement of unity of invention is not complied with and chose not to invile
the applicant to pay additional fees.

w3

This Authority considers that the requiremeant of unity of invention in accordance with Rule 13.1, 132 and 133 is

{3 complied with
B3 not compliad with for the following reasons:

sea separate shest

4. Conssquently, this report has been established in respect of the following parts of the international application:
O alf parts.

B the parts rafating to claims Nos. 1-41

Box No. ¥V Reasoned statement under Rule 43bis.1{a)(i} with regard io novelly, inventive step or
industrial applicability; citations and cxplanations suppeorting such statement

1. Statement

Novelty (N) Yes: Claims 2.5.7-8 12, 15 17-28, 30-33, 35-40
No: Claims 1.3.4.6.10 311, 13. 14, 16, 29, 34, 41

inventive step (i8) Yes: Claims
No:  Claims 1-41
industrial applicabiiity {iA) Yes: Claims 1-41

No:.  Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2018059607

Box No. Vi Certain documents ciled

1. Certain published documents (Rules 43b/5.1 and 70.10)
and/or
2. Non-written disciosuras (Rules 43bis.1 and 70.9)

see form 210

Box No. Vi Geriain defocts in the international application

The following defects in the form or contents of the international application have heen notad:

see separate shest

Box No. Vill  Certain observations on the infernational application

The inllowing nbservations on the clarity of the claims, description, and drawings or on the question whethar the
olaims are fully supporiad by the description, are mads:

see separate shest

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2018/059807

He Hlem iV
Lack of unity of invention

This Authority considers that the application does not meet the requirements of unity
of invention and thai there are 4 inventions covered by the claims indicated as follows:

The common matter iinking fogether the independent claims (1,15,41), 16, 19 and
(29,34) is the following: inverting apparatus for removing a clof from a vessel
comprising: an inversion support catheter, a pulier within the inversion support
catheter and a fiexible tube exiending over the inversion suppert catheter.

This common matier does nol comprise a single general inventive concept, based on
same or corresponding technical features, because D3 (US2017/0303948) discloses
an inverting apparatus for removing a clot from a vessel {abstract) comprising: an
inversion support catheter (4113, fig.41), a puller {4105} within the inversion support
catheter (fig.41) and a flexible tube (4103) extending over the inversion support
catheter {fig.41).

Moreover independent claims (1,15,41), 18, 19 alsc have in common the fact thal the
flexibie tube is configured 10 be pulled proximally by pulling the pulier and the flexible
iube inverts over the distal end and into the inversion support catheter, and this
features are also disclosed in D3 {see para[0208].fig.4,41)

Hence, the following separate inventions or groups of inventions are not so linked as
io form a single general inventive concept:

Group 1. claims 1-15

inverling ube apparatus for removing a clot from a vessel comprising an inversion
support catheter, a puller and a flexible inverting tube with a cuff al the second end

Subgroup 1.1. claim 41

inverling mechanical thrombectomy apparatus for removing a clot from a vessal
comprising an inversion support catheter with a plurality of slots or cut-cuts for
enhancing flexibility, a puller and a fiexible knitted inverting tube

Claim 41 has been grouped together with group 1 because the subject-matter of this
claim is disclosed in D1,

Group 2. claims: 16, 18

inverting tube apparatus for removing a clot from a vessel comprising an inlermediate
catheter, an inversion support cathsler, a puller and a knitted inverting tube with
filament knitted to form a plurality of interdocking loop stitched having a length
between 0,5 and 10 mm
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Group 3. claims: 17, 18-28

inverting tube apparatus for removing a clot from a vessel comprising an inversion
support catheter, a puller and a knitted inverting tube having a first and a second
configuration, the knitted tube having an expanded outer diameter of 0,5-12 mm for
the first region adiacent the first end in the first configuration, an inner diameter
greater than 30% of an inner diameter of the inversion support catheter in the second
configuration, and a second region of the knitted tube adjacent the second end has
an expanded outer diameter less than the expanded outer diameter of the knitted
tube region adjacent the first end and within 20% of an outer diameter of the inversion
support catheler.

Claim 17 was grouped together with group 3 because it also refers {0 the knitted tube
inner diameter relative tc the inversion support catheter outer diameter.

Group 4. claims: 29-40

Pre-loaded inverting mechanical thrombectomy apparatus for removing a clot from a
vessel comprising an intermediate catheter, an inversion support catheter, a pulier
and a flexible inveriing tube extending belween the inversion support catheter and the
intermediate catheter, wherein the puller and the inversion support catheter are
releasably held together.

Remaining technical features of group 1:

An inverting tube apparatus comprising: a flexible tube having a first end coupled at a
distal end region of the puller and a second end comprising a cuff that is less flexible
that a region of the flexible tube adjacent to the cuff. The cuff is lapered at the
proximal facing end.

Problem: The remaining technical features of group 1 solve the problem of how o
prevent the flexible tube from roiling completely inside the inversion support catheter

Remaining technical features of aroup 2;

An inverting tube apparatus comprising: an inlermediaie catheter; a knilted tube
extending over the inversion support catheter, the knitted tube having a first end
coupled at a distal end region of the pulier and a second end that is free,wherein the
knitted lube comprises a filament knitted to form a plurality of interlocking loop
stitches, and whergin gach loop stitch has a siitch length that is between 0.5mm and
10mm.

Problem; The remaining technical features of group 2 solve the problem of how o
improve grabbing and removal of the clot.

Remaining technical features of group 3;
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An inverting tube apparatus comprising: a knitted tube extending over the inversion
support catheter in a first configuration, the knitted tube having a first end coupled 1o
a distal end region of the puller, and a second end that is free {0 move relative to the
inserting support catheler; wherein the knitted tube in the first configuration has an
expanded outer diameter that is between 0.5 mm and 12 mm for a first region of the
knitted tube that is adjacent to the first end, and the knitted tube in the second
configuration has an inner diameter that is greater than 30% of an inner diameter of
the inversion support catheter, and wherein a second region of the knitted tube
adjacent 10 the second end has an expanded outer diameter that is less than the
expanded cuter diameter of the region of the knitted tube adjacent 1o the first end and
within 20% of an outer diameter of the inversion support catheter.

Froblem: The remaining technical features of group 3 solve the problem of how to
snuggly fit the knitted fube over the inversion support catheter and provide expansion
only at the distal region.

Hemaining technical features of groug 4;

A pre-loaded inverting mechanical thrombectomy apparatus configured 0 be
delivered through a tortious anaiomy, the apparatus comprising: an intermediate
catheter having a distal end; an inversion support catheter exiending distally from a
lumen of the intermediate cathetler, the inversion support catheter having a distal end
and a distal end opening; a puller extending distally within the inversion support
catheter; and a flexible tube extending proximally from a distal end region of the puller
and bebween the inlermediate catheter and the inversion support catheter,wherein the
puller extends from the distal end of the intermediate catheler and the distal end
epening of the inversion support catheter; and wherein the distal end opening of the
inversion support is held within the lumen of the intermediate catheter, and wherein
the flexible tube exiends between the inversion suppert catheter and the intermediate
catheter, and wherein the puller and inversion support catheler are releasably held
together so that they move together while advancing distally within a vessel lumen.

Problem: The remaining technical features of group 4 solve the problem of how to
prevent vessel wall damage from the flexible tube during tracking and prevent
compressive force on the elongate inversion support.

Consequently, the remaining features of Group 1, Group 2, Group 3 and Group 4 are

different. As the problems they solve are also different, these fealures are not

corresponding either.
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As the claims comprise neither the same, nor corresponding special technical
features, the technical relationship between the subject matter of the claims required
by Rule 13.1 PCT is lacking and the claims are not so linked as o form a single
general inventive concept. The application does not fulfil the requirement for unity of
invention in the sense of Rules 13.1 and 13.2 PCT.

HBeltem VY

Reasoned sialement with regard to novelly, inveniive step or industrial
applicability; citations and explanations supporting such stalement

Reference is made fo the following documents:

D1

D2

D3

D4

D5

D6

D7

08

Do

210

D11

WO 2017/189550 A1 (STRYKER CORP [US]) 2 November 2017
(2017-11-02)

WO 2017/058280 A1 (GW MEDICAL LLG [US]) 6 Aprit 2017 (2017-04-06)

US 2017/303948 A1 (WALLAGE MICHAEL P [US] ET AL) 26 October 2017
(2017-10-286)

WO 2012/009675 A2 (LAZARUS EFFECT INC [US]; MARTIN BRIAN B [US])
19 January 2012 (2012-01-19)

US 2005/085849 A1 (SEPETKA IVAN [US] ET AL) 21 April 2005
(2005-04-21)

WO 2017/210487 A1 (STRYKER CORP [US]) 7 December 2017
(2017-12-07)

WO 2018/049317 A1 (STRYKER CORP [US]) 15 March 2018 {(2018-03-15)

US 2011/180763 A1 (FERRERA DAVID A [US] ET AL) 30 June 2011
(2011-08-30)

US 2012/083868 A1 (SHRIVASTAVA SANJAY [US] ET AL) 5 April 2012
(2012-04-05)

WO 2012/049652 A1 (ENDOGROWTH PROPRIETARY LTD [ZA]; SMITH
JAMES [ZA]) 19 April 2012 (2012-04-19)

US 2014/155980 A1 (TURJMAN ALEXIS [US] ET AL) 5 June 2014
(2014-06-05)
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D12 WO 2017/189591 A1 (STRYKER CORP [US]) 2 November 2017
(2017-11-02)

GROUP 1

The preseni application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claim 1 is nof new in the sense of Article 33(2) PCT.

D1 {abstract; paragraphs [0033], [0035] - [0038], {0049] - [0108]; figures 1-12)
discloses:

An inverting lube apparatus for removing a clol from a vessel (abstract), the
apparatus comprising:

an inversion support catheter (409,505,1011,4113, fig.4,10,41);

a puller (407,507,1003,4105) within a lumen of the inversion support catheter {fig.
4.10,41); and

a flexible tube (408,503,1007,4103) extending over a distal end of the inversion
support catheter, the flexile tube having a first end coupled at a distal end region of
the puller (fig.4,10,41) and a second end comprising a cuff {cuff 404,414,10086, fig.
4,10} that is less flexible (it s implicit that adding a cuff or a polymer material on the
flexible tube will make that area less flexible) that a region of the flexible tube
adjacent to the cuff { para.[0084.1,]C087]), wherein the flexible tube is configure 1o be
pulled proximally into the inversion support catheter by puiling the puller proximally sc
that the fliexible tube rolls and inverts over a distal end of the inversion support
catheter (para.j0048)).

Moreover claims 1 is also disclosed in D2 {(see cuff in fig.2D,12,16,20A), D8
{(imermediate document published on the 07.12.2017 and having the priority of
03.06.2016; see cuff in fig.4A,48,10A,10B) and D7 {(intermediate document published
on the 15.03.2018 and having the priority of 12.08.2016; see cuff in fig.3A,8A,158).

Furthermore D6 and D7 also disclose the subject-matter of claim 15 because both of
these intermediate documents disclose a tapered cuff (D6: fig. 7A and para [0081], fig.
88 and para0086]; D7: fig.3A and para [0087], ig.8A and para [0107]-[0108], fig.158
and para.f0124}). Therefore also claim 15 lacks noveily.

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claim 41 is not new in the sense of Article 33(2) PCT.

D1 {abstract; paragraphs [0033], [0035] - [0038], {0049] - [0108]; figures 1-12)
discloses:
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An inverting mechanical thrombeciomy apparatus for removing a clot from a vessel
configured to be delivered through a torlious anaiomy {abstractpara[0061]), the
apparatus comprising:

an inversion support catheter {409,509,700,1011.4113, fig4,7,10,41) extending
distally, the inversion support catheter having a distal end and a distal end opening
(411, 707, fig.4,7,10,41), the inversion support catheter comprising a plurality of slots
or cul-out regions along its length t© enhance flexibility while maintaining column
strength such that the inversion support catheter is able to withstand st least about
500g of compressive force {para.[0053]-[0054],]0079]-[00811,fig.7);

a puller {(407,507,713,1003,4105) extending distally within the inversion support
catheter (fig.4,7,10,41); and

a flexible twibe (406,503,711,1007,4103) extending proximally from a distal end region
of the puller (fig.4,7,10,41),

wherein the flexible tube comprises a knitied material that is held in compression
along an outside region of the inversion support catheter and inverts over the distal
end opening of the inversion support catheter and couples to the puller, and

wherein puliing the puiler proximally causes the flexible tube to roll from the outside
region of the inversion support catheter, over the distal end opening and invert inte
the inversion support catheter {para.[JC049],[C081],[C085],1ig.4,7,10,41).

The present agpplication does not meet the criteria of Article 33(1) PCT, because the
subject-matter of ¢laim_15 does not involve an inventive step in the sense of Article
33{3) PCT.

Ag seen above in relation 1o claim 1, D1 discloses the inverting tube apparatus of
claim 1, but fails to disclose the additional technical feature present in claim 15: the
cuff tapered at the proximal facing end. The objective problem {o be solved by a
proximally tapered cuff could be defined as how (o belier assemble the different
components of an inverting tube apparatus. Even though D1 does not disclose that
the cuff may be tapered this modification is a normal design option for the skilled
person in the art depending on the geometrical space requirements of the cuff, the
cuff tapering proximally inwards facilitates assembly with an cuter catheter, and the
cuff tapering proximal outwards facilitates assembly with an inner catheter. Moreover
stiffer proxima!l tapering of a flexible tractor tube is also disclosed in D2 (see para.
[0146], ig.13) for permitting assembly with a pull wire and a guidewire. Therefore the
skilled person would envisage such a tapered cuff for the D1 inverting apparatus
without requiring any inventive skill,
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Furthermare it is possible o start inventive step objections for claim 15 starting from
any of the documents D1-D3, and at the same time also claim 1 lacks an inventive
step starting from D3 which fails to disclose the cuff thal is an obvious modification as
it can be seen from D1 and D2,

Dependent claims 2-14 do not appear 1o contain any additional features which, in
combination with the features of any claim to which il refers, meet the reguirements of
the PCT in respect of novelly and/or inventive step. The technical features of these
claims are either disciosed in D1-D12 (D8 and D7 are only relevant for novelty
because they are intermediaie documents) or are minor constructional detail
changes. Some examples of the disclosed features can be seen below:

Claim 3: D1 para.[0069].
Claim 5: D2 fig.13A.

Claim 6: D1 fig.10.

Claims 10-11: D1 para.f0101].
Claim 13: D1 para.J0049].
Claim 14: D1 para.]0097].
GROUP 2

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claim 16 is not new in the sense of Article 33(2) PCT.

D2 discioses:

An inverting tube apparatus for removing a clot from a vessel (para.j0014]), the
apparatus comprising:

an intermediate catheter {outer catheter, para.J0043],[0055]);

an inversion suppori catheter (inner catheter, para [0043],]0055]) within a lumen of the
intermediate catheter;

a puller within a lumen of the inversion support catheter (para.[C056],{C057]); and

a knitted {para.[0059]) tube exiending over the inversion support catheter (tractor,
para.J0055]), the knitled tube having a first end coupled at a distal end region of the
puller and a second end thal is free (fig.12),

wherein the knilled tube is configured to be pulled proximally into the inversion
support catheter by pulling the puller proximally so that the knilted tube rolis and
inverts over a distal end of the inversion support catheter (para. J0056]),

wherein the knitied tube comprises a filament knitted to form a plurality of interlocking
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loop stitches (para.[0048]), and
wherein each loop stitch has a stilch length that is between 0.5mm and 10mm (woven
material pore size in the range of 0.05 and 1 mm, para.[0048]).

Furthermore the claimed value range not disclosed by D2 would still not be inventive
in view of D8 (cell length of 2 mm, para.j0134],[02441-{02487), D9 (cell size of 3.5x2.5
mm, para.fios2l) or D11 (cell side of 1.8 mm, para.f0264]-[0285], fig.41) which all
discloses simitar cell sizes for enhancing gripping or macerating of blocd clots.

Dependent claims 17-18 do not appear to contain any additicnal features which, in
combination with the features of any claim fo which it refers, meets the requirements
of the PCT in respect of novelty and/or inventive step. The technical features of these
claims are either disciosed in D1-D12 (D8 and D7 are only relevant for novelty
because they are inlermediate documents) or are minor constructional detail
changes.

GROUP 3

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claim 19 does not involve an inventive step in the sense of Article
33(3) PCT.

D2 discioses:

An inverling tube apparatus for removing a clot from a vessel (para.[0014]), the
apparatus comprising:

an inversion support catheter {inner catheler, para [C043],[0055]);

a puller within a lumen of the inversion suppert catheler (para.[00561,[0057]); and

a knitted {para.[0059]) tube exiending over the inversion support catheter in a first
configuration (tractor, para.[C055]), the knitied twbe having a first end coupled to a
distal end region of the puller, and a second end that is free 10 move relative o the
inserting support catheler (fig.12), wherein the knitfed tube is configure to be puiled
proximally into the inversion support catheter by puiling the pulier proximally so that
the knitted tube rolls and inverts over a distal end of the inversion suppoert catheter
into a second configuration within the inversion suppaort catheter {para.i0058]);

further wherein the knitted tube in the first configuration has an expanded outer
diameter that is between 0.5 mm and 12 mm {3-7mm, para.[0158]; for use in vessels
having a 4-8 mm D para. {0160}, woven tractor expands to an outer diameter 1.5
iimes greater than the catheter inner digmeter when unconsirained, paraf0058];
expanded diameter between 1.3 and 10 times the catheter inner diameter, para.
[0120]) for a first region of the knitled {ube that is adjacent © the first end (the end
coupled to the puller}, and the knitted fube in the second configuration {rolled inside
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the inversion support catheter) has an inner diameter that is greater than 30% of an
inner diameter of the inversion support catheler (para [0058])-and-whowin-a-sasnnd

YidatebaYalela: s
Pk At ala S

The technical effect given Dy the missing technical features is that the second region
reduced diameter prevents inversion of the knitted tube during placement of the
apparatus before the puiler is aciuated.

The obiective problem io be solved can be therefore formulated as how o increase
safety for g clot removing inverting tube apparatus.

D1 from the same technical field discloses a proximal tractor end {(414,1008) which is
releasably adhered/iocked 1o the outer diameter of the catheter (para.[00070],
[00084]) for preventing the tractor from premature deploying and expanding (para.
[C00611,[00068]-{000721,[00084], fig.4B,10A-10C).

Considering that D1 solves the aforementiconed problem it wouid be obvious for the
skilled person in the ari to combine the teachings of D1 with D2 and therefore
cbtaining the claimed apparatus.

Dependent claims 20-28 do not appear to contain any additional features which, in
combination with the features of any claim to which it refers, meets the requirements
of the PCT in respect of inventive step. The technical features of these claims are
gither disclosed in D1-D5 or D8-D12 or are minor constructional detail changes.
Some examples of the disclosed features can be seen below:

Claim 20: D2 cuffin §ig.2D,12,16,20A.

Claim 21: D2 fig.16-17.

Claim 25: D2 woven material pore size in the range of 0.05 and 1 mm, para.[0048].
GROUP 4

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of ¢laim 29 is not new in the sense of Article 33(2) PCT.

D2 discloses:

A pre-loaded {para.[0015],[0050],[0144],]0160]) inverting mechanical thrombectomy
apparatus for removing a clot from a vessel (para.j0014]) configured io be delivered
through a tortious anatomy (para.[0047]), the apparatus comprising:

an intermediate catheter having a distal end {outer catheter, para [0043],{0055],{0134]
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fig.6,12);

an inversion supporl catheter (inner catheter, para[0043LJ0055],[0134]) within a
lumen of the intermediate catheter {fig.6,12), the inversion support catheter having a
distal end and a distal end opening;

a puller (para.J00586],]0057]) extending within the inversion support catheter; and

a fiexible tube (tracter, para.[0055]) extending proximaily from a distal end region of
the puller so that a distal-facing face of the puller extends distally beyond the flexibie
ibe (fig.6),

wherein the puller extends from the disial end of the infermediate catheter and the
distal end opening of the inversion support catheter (fig.8,12); and wherein the distal
end opening of the inversion support is held within the lumen of the iniermediate
catheter {the inner catheter with the tractor tube are held within the outer catheter
before deployment,para.[0058]}, and wherein the flexible tube extends between the
inversion support catheter and the intermediate catheter {fig.6-9,12).

The preseni application does not meet the criteria of Article 33{(1) PCT, because the
subject-matter of claim 34 is not new in the sense of Article 33(2) PCT.

The supplementary features (when compared to claim 29) of claim 34 are also
disclosed in D2: puller and inversion suppori catheter are releasably heid together
during insertion of the apparatus before deployment (para.JO055],]0092],i0149}).
Moreover also D1 discloses a pre-ioaded tractor {para.[00093],[000105]) comprising
all the features of claims 29 and 34 (fig.8D,11, para.f00043],[00046]-[000471,100073],
[000291-{000108]).

Dependent claims 30-33 and 35-40 do not appear to contain any additional features
which, in combination with the features of any claim to which i refers, mests the
requirements of the FCT in respect of novelty and/or inventive step. The technical
features of these claims are either disclosed in D1-D12 (D6 and D7 are only relevant
for novelty because they are intermediate documents) or are minor constructional
detall changes. Some examples of the disclosed features can be seen below:

Claim 30,35: D1 para.[JC001C57].
Claim 31,36: D2 para.[C058]; D1 para.[0038].

Claim 33: D2 para0055],[00921,[0149]; D1 fig.8D,11, para[00043],[00046]-[00047],
[00079],]00099]-[000106]

Be llem Vi
Certain documenis ciled

Certain published documents
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| Publication

Filing d Prior e (vali
Application No  date ifing date iority dale ({valid

(day/monthy | S@im)

Patent No | {day/month/ . V . "
yearj {day/month/year)

yearj

WO2017/210487 | 07/12/2017 01/06/2017 03/08/2016

WO02018/049317 | 15/03/2018 11/08/2017 12/08/2016

Be ltem Vi
Certain defects in the international application

Claim 36 send with the request under Article 91 seems to contain an obvious error in
the dependency, as it should be dependent on ciaims 34 or 35 for not creating
probiems with added subject-matter (Article 19(2)/Article 34{2){b) PCT).

Claim 37 send with the request under Article 91 seems to contain an obvious error in
the dependency, it should dDe dependent on claim 34 for not creating problems with
added subject-matter {Article 12(2)/Article 34(2)(b) PCT).

The present application does not meet the requirements of Rule 8.3{b) PCT regarding
the use of the two-part form in claims, of Rule 6.2(b) PCT regarding reference signs,
of Rule 10.1(d} PCT regarding interngtionally recognized ynits, nor those of Rule
5.1(a)(ii) PCT regarding mentioning relevant prior art in the description.

Re ltem Vil

Certain observations on the international application

Although claims 1, 15 and 471 have been drafted as separate independent claims,
they appear 1o relate effectively to the same subject-matter and to differ from each
other only with regard to the definition of the subject-matter for which protection is
sought and/or in respect of the terminology used for the features of that subject-
matier. The aforementioned claims therefore lack conciseness and as such do not
meel the reguirements of Article 6 PCT.

Although claims 29 and 34 have been drafted as separate independent claims, they
appear to relate effectively to the same subject-matier and to differ from each other
only with regard to the definition of the subject-matter for which protection is sought
and/or in respect of the terminology used for the features of that subject-matter. The
aforementioned claims thersfore lack conciseness and as such do not mest the
requirements of Article § PCT.
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INTERNATIONAL SEARCH REPORT
{PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file eference FOR FURTHER see Form PCTASA/2IO

ACTION as well as, where applicable, item 5 below,
International application Mo. imternational filing date {day/monthiyear) (Bartiest) Priority Date (day/monthiyear)
PCT/US 16/17082 15 February 2016 (15.02.2016} 28 Septombar 2015 (28.09.2015)

Applicant
GW MEDICAL LLC

This international search report has been prepared by this Intemational Searching Authority and is ransmitted to the applicant
according to Anticle 18, A copy is being transmitted to the International Bureau,

This international search report consists of a total of—
D it s also accompanicd by a copy of each prior art document cited in this repor,

{. Basis of the repart
a. With regard to the Iamguage, the international scarch was carvicd out on the basis of,

M he international application in the language in which it was filed.

D a transiation of the international appiication into which is the language of
a transiation furnished for the purposes of international search (Rules 12.3(2) and 23.1(b)).

b, {::’ This international search report has bzen estublished taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.65is(2}).

€. D With repard to any nucleotide and/or amine acid sequence disclosed in the international application, sce Box Ne. L

EX] Certain claims were fousnd unsearchable (see Box No. 1),

[

kR i:} Unity of invention is lacking (see Box No. Hi}.

4, With regard {o the titie,
EX' the text is approved as submitted by the applicant,
D the text has been established by this Authority to read as follows:

5. With regard to the abstraet,
EX} the text is approved as submitted by the applicant.

m the text has been established, according to Rule 38.2, by this Autherity as it appears in Box No. IV, The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard s e drawings,
a2 the figure of the drawings to be published with the abstract is Figure No. |
[j as suggested by the applicant.
N as selected by this Authority, because the applivant falled to suggest a figurs.

[::’ as selevted by this Authonty, because this figure better characterizes the invention.

b E:} none of the figures is 1o be published with the abstract.
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Box No. i Ohservations where certrin claims were found unsearchable {Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Articls 17(2)(a) for the following reasons:
P £

1. m Claims Nos.:

because they relate to subject matter not required to be searched by this Authonity, samely:

0

Claims Nos.:
because they rolate to parts of the international application that do not comply with the preseribed requirements to such an
extent that no meaningfisl international search can be carried out, specifically:

3. 'E Claims Nos.: 40-73, 78
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6 4{a).

Box No. I} (bservatisns where unity of invention is lacking (Continuation of item 3 of fivst sheet)

This international Searching Authority found multiple inventions in this international application, as follows:

i. E As all required additional search fees were timely paid by the applicant, this interpational search report covers ail searchable
clamwms.,

0

As ail searchable claims could be scarched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 D As only some of the required additional search fues were timely paid by the applicant, this international search report covers
onty those claims for which fees were paid, spocifically claims Nus.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Profest E:] The additional search fecs were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
m The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time lmil specified in the invitation.
[:] No protest accompanied the payment of additional search fees,
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“¥*  document of paiticular refevance; the claimed invention cannot be
considersd 1o invalve an inventive step when the document is
sombined with one or more other such documents, such combination
being obvious to a person skilied m the ant

“ g

document member of the same patent family

Drate of the actual completion of the international search

26 April 2016

Date of mailing of the international search report

0 6 MAY 2016

Name and mailing address of the f8A/US

Mait Stop PCT, Attn: iISA/US, Commissioner for Patents
P.O. Box 1459, Alexandria, Virginia 22313-1450

Facsimile No,  571-273.8300

Authorized officer:
Laa W, Young

FLT Helpdesk: 37 1-272-4300
PCT QSP: §74-272-7773

Form PCY/ISA/216 (second sheer) (January 2015)

-4550-



PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: RICHARD . SHOOP PQT

SHAY GLENN LLE

2755 CAMPUS DRIVE, SUITE 210
SAN MATEQD, CA 84403 WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(FCT Rule 43kis.1)

ey O 6 MAY 2016

Applicant’s or agent’s file reference FOR FURTHER ACTION
See paragraph 2 below
international application No. International filing date {dap/monthivear} Priority date {day/monthiyear)
PCT/US 16/17982 15 Fabruary 2016 (15.02.20186) 28 September 2015 (28.08.2018)

International Patent Classification (IPC) or both national classification and [PC
PCI8) - AB1F 2/01 (2018.01)
OPC -  ABIB 17/221, AB1F 2/01, AS1B 3017/22038, AG1B 2017/22673, AG1B 2017/22081

Applicant GW METHCAL LLC

]

k.

'

This opinion containg indications relating to the following items:

Rox Na. | Basis of the opinion

Box No. Il Pricrity
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Rox No. V. Reasoned statement under Rule £3bis. 1{a)(i) with regard to novelly, inventive step or industrial applicability;
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Facsimile No, 571-273-8300 POT G5 5712727774

Form PCT/ISA/237 {cover sheet) (January 2015}

-4551-



WRITTEN QPINION OF THE international application No.

INTERNATIONAL SEARCHING AHTHORITY
PCTUS 16/17082

Box No. & Basis of this opinion

1. With regard io the language, this opinion has been established on the basis of!
IX] the interational application in the language in which it was filed.

{ aansiation of the international application into which is the language of a transiation
furnished for the purposes of international search (Rules 12.3(a) and 23 1{b}).

2. m This opinion has been established taking into acoount the rectifieation of an obvinus mistake autharized by or notified 10
this Authority under Rule 91 {Rule 4344s.1{a}).

3 m With regard to any nucleotide and/or amino scid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing:

a. [:] forming part of the international application as filed:
l l in the form of sn Annex C/3T 25 text fila,
[:, on paper ot in the form of an image fle.

B. D firnished together with the international application under PCT Rule 13zer. 1{a) for the purposes of interationsal
search only in the form of an Arnex C/ST.25 fext Gile.

c. L i turnished subsequent to the intemational iling date for the purposes of interational search only:
E:j in the form of an Annex C/ST.25 text file (Rule 13ser. 1{a))

E on paper or in the form of an image file (Rule 13zer.1(b) and Administrative instructions, Section 713).

4. D in addition, in the case that mere than ene version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application 85
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/Z37 (Box No. ) January 2013}
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INTERNATIONAL SEARCHING AUTHORITY
PCTAIS 16/17382

Box No. 111 MNon-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed irvention appears to be novel, 13 involve an inventive step {to be non ohvious}, or to be industrially
applisable have not been examined in respect of:

D the entire international application.

)2 ciaims Mo, 40-73.78

because:

the said intemational application, or the said claims Nos. relate to the following
subject matter which does not require an international search (specify):

the description, claims or drawings {indicate pariicular elements below) or said ciaims Nos. 40-73, 78
are so unciear that no meaningful opinion could be formed (specifi:

hecause they are depsndert claims and are not drafted in accordance with the second and third sentences of Rule 6.4{a}.

D the claims, or said claims Nos. are so inadequately supported
by the deseription that no meaningfil opinion could be formed (specify):

@ no international search report has been established for said claims Nos, 40-73,78

[j ameaningiul cpmion could ot be formed without the sequence listing; the applicant did not, within the prescribed time Hinit

[: fumish a sequence fisting in the form of an Annex C/3T.25 text file, and such listing was not available to the

' International Searching Authority in the form and manner accepiabie {0 it; or the sequence listing furnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

D furnish a sequence listing on paper or in the form of an 1mags file compiying with the standard provided for in Annex
C of the Administrative instructions, and such listing was not available io the Intemati Scarching Authority in the
form and manner accoptabls to it or the sequence listing furnished did not comply with the standard provided for in
Annex C of the Administrative {nstrustions.

! | pay the required late furnishing fee for the furnishing of a scquence listing in responss o an mvitation under
Rule 13ser.1{a} or (k).

D Ssa Supplementat Box fon further detatis.

Form PCT/ISA/237 (Box Ne. 11} {January 2015}
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WRITTEN OPINION OF THE International spplication No.

INTERNATIONAL SEARCHING AUTHORITY PETAUS 16/17982

Box No. ¥V Reasoned statement under Rube 438665, 1(a)(1) with regard to novelly, inventive siep or industrial applicability;
citstions and explanations supporting such statement

1. Statement

Novelty (N} Claims 1-39, 74-77, 79-80 YES
Claims Nong NG

Inventive step (IS} Cinims 7 YES
Claims 1-36, 74-78, 79-80 NO

industrial applicability (1A} Claims 1-38, 74-77, 78-80 YES
Claims None NO

2. Citations and explanations:
Ciaims 1.2, 5-20, 23-28, 30-34, lack an inventive step under PCT Adicle 33(3} as being abvicus over US 2015/0005781 A1 to Lund-
Clausen et &l {(hereinafier: Lund-Clausen).

As per clai 1, Lund-Ciausen desciibes a method of pertorming 3 mechanical thrombectomy to remove a clot from a blood vessel
{Abstract, parafCe03]), the method comprising:

advancing 3 distal end of a catheter {outer cathster 10, FIG. 1) through the biood vessel (vessel 22, FIG. 1) towards the clot {thrombus
Fi3. 1; paraf0038}-{0037);

exposing a distet tractor reglon of a ftube] that is within the catheter from the distal end of the catheter {20714, FIG. 2; paraj004 1]}, wharein
the distal tractor region comprises an axpandabie first end region (18, FIGS. 1-3} and a less expandable second end region proximal to
the expandabie first end region (16, FIGS. 1-3; parafl038]: note 18 at least more expandable dug to intermediate sxpandable ragion
between ends 16/18);

aliowing the sxpandabie first end ragion to expand within the blood vesse! (FIG. 2; parafiad 1]

positioning tha distal end of the cathstar so that a distal end region of ihe catheter is between the less expandable second end region and
the expandable first end region of the distal fractor region while the expandabile first end region is doubled over the less expandable
second end region {parafdd44}; e.g. see analogous FIG. 2 for smaif thrombus}; and

drawing the clot info the catheter by rolling the expandabla first end region over the distal end of the catheter so that the expandable first
end region inverts as the expandable first end region is pulled into the cathalar {parafl044], 2.9. see analogous FIG. 2-3, parai042] for
srnal thrombus), but fails to descripe specifically tube.

Howaver, it would have been abvious to one skillad in the art to provide the wire as a tube, so as to provide increased flexibility for
mansuvering.

As per claim 2, Lund-Clausen describes the method of claim 1, wherein positioning comprises distaily advancing the dista! end of the
cathster so that the distal end region of the cathater is between the lgss expandable second end region and the expandable first end
ragion of the distal ractor region {paraj004d}; 2.9. ses analogous FIG. 2-3; paraj0045]).

A pei Jain 3, Lund-Cliuysn 3288Hbes the mathod of clsim 1, byt fails to describe wherein drawing the clotinio the catheter comprises
withdrawing the tube proximally. Mowever, Lund-Clausen does describe this process for the smallar clots (FiGS. 2-3; para{d042}-{0043]). it
would have been obvious to one skilled in the art to perform the capturing in either manner (as described for the smaller clot} so
dapanding on the praference of the opserator as one oparation might ba physically simpler.

As per claim 6, Lund-Clausen describes the method of claim 1, but falls fo describe wharein drawing the ciot into the catheter comprises
withdrawing the tube proximatly whils advancing tha cathetor distally. Hawever, Lund-Clausan does describe this process for the smallar
ciots {paraiDd48]). it would have been obvious to one skilled in the art to perforrm the capturing in such a manner {as described for the
smaiier ciot) so as to reducs the push/pull range of motion,

As per ciaim 7, Lund-Clausen describes the method of claim 1, but fails to describe wherein drawing the clot inte the catheler comprises
withdrawing the tube proximally while advancing the catheler distally, whereln the tube is withdrawn at a different rate than the cathater is
acvanced.

Howaver, Lund-Clausan does desaribs this pushipull process for the smaller clots {paralB046]}. it would have been obvious to one skilled
in the art io perform the capturing in such a manner {as describad for the smailer clot} 5o as to reduce the push/puli range of motion, as
well as postarming said operation at different rates, bacauss thair pushipull forces would be different ang making the rates the same
wouid require extra effort.

As per ciaim 8, Lund-Clausen dascribes the method of claim 1, wherein allowing the expandable first end ragien to expand withiry the
blood vessel comprises ailowing a biasing element in the expandable first end region to expand so that the distal tractor region makes
contact with an intima of the bicod vessel (FIG. 2; paraj00401-{0041]: spring sleel).

As per claim 8, Lund-Clausen describas the mathad of claim 1, but falls to describe wherein exposing the distal tractor region of the tube
that is within the catheter from the distal end of the catheter comprises pushing the distal tractor segion out of the distal end of the
cathater,

However, Lund-Clausen describes where the pushing/puiling aperations ¢an be switched andfor combinad for different aspects of the
methods {paraf0042}-{00461). it would have been cbvious to one skilled in the art to push the tube {whils retracting the outer cathetar) so
as to reduce the push/pull range of motion.

e @50 Se8 Continuation Shastee e
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As per claim 10, Lund-Clausen describes the mathod of claim |, wherein exposing the distal tracior region of ths tube that is within the
cathater out of the distal end of the cathster comprises pulting the cathetar proximally {(paraf0041]}.

As per claim 11, Lund-Clausen describes the method of claim 1, wherein exposing the distal tractor region of the tube that is within the
catheter from the distal end of the catheter comprises {pushing] the distal ractor region out of the distal end of the cathetar o expose the
expandable first end region alraady inverled over the lass expandable second end region {para{0041}; FIGS. 1-2), hut fails to describe
pushing.

However, Lund-Clausen describes where the pushing/puliing cperations can be switched andior combined for different aspects of the
methods {paraf0042}-{G046]). It would have been obvious to one skilted in the art to push the tube {whils ratracting the outer catheter) so
as {0 reduce the push/pull range of motion.

As per claim 12, Lund-Clausen describes the methed of claim 1, but fails {o describe wharein exposing the distal tractor region of the tube
that is within the cathatar from the distai end of the catheter comprises extending the expandabile first end region out of the distal enc of
the catheter so that the expandabia first snd region invarts cver the distal end of the cathater as the expandable first end region is
extended.

However, Lund-Clausen describes whare the pushing/pulling cperations can ha switched and/or combined for diffarent aspects of tha
methods (paraf0042}-{0046}) as well as describing that the device can aiternatively apen from it's shaps mamary characteristics
{para{0048]} and that the devica can be very long {parai0042]). it would have been abvicus to one skiflad in the art fo push the tube (while
retracting the outer catheter) so as to reduce the push/puif range of metion. Further, it is noted that such an inversion over the distal and of
the catheter would happen for long length baskeis in sufficiently large diameter vessals (batween FIGS. 1-2).

As per claim 13, Lund-Clausen describes the method of claim 1, but fails to describe explicitly wherein exposing the distal traclor region of
the tube comprises exposing at feast 5 mm of the expandabie first end region and at least 5 mm of the less expandabile second end
regiorn.

Howsver, Lund-Clausen describes that the devica can be a range of sizes depending on the size of the thrombus {paraf(G42]). it would
hava been obvicus 1o one skilled in the art to provide/expose any desired size, depanding on the thrombus to he captured.

As per claim 14, Lund-Clausen describes the method of claim 1, but fails to describe wherein exposing tha distal tractor region comprises
exposing at least 1 cm of the expandabie first end region inverted aver at Jeast 1 cm of the less expandable second end region.

Howavar, Lund-Clausen describes that the device can be a rangs of sizes depending on the size of the thrombus (paraj(042]). It would
have been obvious o one skillad in the art to provigelexpose any dasired size, depending on the thrombus {o be caplured and the size of
the vessael.

As per claim 15, Lund-Clausen describes the method of claim 1, wherain the expandabie first end region comprises a mesh that is coupled
adfacent io the iess expandabis second and region {para{d040}; FIGS. 1-3)

As per ciaim 16, Lund-Clausen dascribes the method of claim 1, whersin the sxpandable first end region comprises one or mare of a
woven material, a mesh braided matarial, a knitted material, of a film material with multipie openings therethrough {para{0040; FIGS. 1-3).

As pur cisim 17, Lund-Claysen dascribes the mathod of claim 1, wherein advancing comprises advancing the distal end of the cathater
through tha blood vessel to position the distal end adjacent to the clot.

As per ciaim 18, Lund-Clausen describes @ method of perfarming a machanical thrombectomy to remove a clot from a biood vassel
{Abstract, para{0003]), the methed comprising:

advancing & distal end of @ catheter (outer catheter 10, FIG. 1) through tha blood vessel (vessel 22, FIG. 1) lowards the ciot (thrombus
FiG. 1; paraf{0036]-10037 1

exposing @ distal tractor ragion of a {tube] that is within the catheter from the distal snd of the catheter (20/14, FIG. 2; para[{0041}), wherein
{he distal tractor region comprises an expandabla first and region (18, FIGS, 1-3) and a less expundable seconc end ragion proximal tc the
expandable first end region (16, FIGS. 1-3; para(D038YE nots 18 atjsast more expandable due to intermediate axpandable region betwesn
ands 16/18) and configured so that the expandable first end region is invarted over the less expandable second end region {FIG. 1)
aliowing the expandable first end region to expand within the blood vessel 56 that the distal and region of the catheter is between the tess
sxpandable second end region and the expandabie first end region of tha distal tractor region (paraf0044]; e.g. see analogous FIG. 2 for
small thrombus); and

drawing the clot into the cathseter by advancing the catheter distaily and jwithdrawing the tube proximaliy} within the catheter so that the
expandsabis first end regicn rolls ovar the distal end of the catheter and inverts as the expandable first end region is puiled into the catheter
{paraj0044), 9.q. see analogaus FIG. 2-3, paraf0042] for small thrombus), but fails 1o describe specifically ibs o withdrawing tha tube
proximatly.

However, it would have besn chvious to one skiled in the art to provide the wire as a tube, s0 as to provide increased flexibitity for
manauvaring. Finally, Lund-Clausen does describe this process of withdrawing the tube and extending the catheter for the smaller clots
(paral0048}). it wouid have been obvicus to cne skilled in the art to perform the capturing in such a mannar (3s describad for the smaller
ciot) so as o reduce the push/pull range of motion,

Ag per claim 19, Lund-Ciausen describes the method of claim 18, wherein the expandable first end region is inverted over the less
expandable second end ragion bafore exposing the distal tractor region (FIG. 1}

As per ciaim 20, Lund-Clausen describes the method of claim 18,wharein the exposing tha distaf tractor region comprises inverling the
expandable disial end region over the less expandabie sacond and region as the distal tractor ragion is exposed {paral0048}.[0042]: nota
inherant for long length basksts in sufficiently larga diamaster vassels (betwaen FIGS. 1-2).

-------------- Please Ses Continuation Sheet---rm--mm-m
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As per claim 23, Lund-Clausen describes the method of claim 18, but faiis to describe wherein exposing the distal tractor ragion of the tube
that is within the catheter from the distal end of the catheler comprises pushing the distal tractor ragion out of the distal end of the catheter,
Howsver, Lund-Clausen describes whare the pushing/puliing cperations can be switchad and/or combined for different aspects of the
meihods ipara{D0a2}-{GC46}}. it would have been obvious o one skilled in the art to push the tube (while retracting the outer catheter) s
as to reduce the push/puil range of motion.

Ag per claim 24, Lund-Clausen describes the method of claim 18, wherain exposing the distal tractor ragion of the tube that is within the
cathatar out of the distal end of the catheter comprises pulling the catheter proximally {para{3041}).

As per claim 25, Lund-Clausen describes the method of claim 18, but fails to describe explicitly whersin exposing the distai tracior region
of the tube comprises expesing at least 7 mm of the sxpandable first end region and at feast & mm of the less expandable second end
region.

Howevar, Lund-Clausen describes that the devics can ba & range of sizes depending on the size of the thrombus {para[0042]}, it would
have been obvious to one skilled in the art to provide/expose any desired size, dapanding on the thrombus fo be capiured.

As per ¢laim 26, Lund-Clausen dascribes the method of claim 18, wherein the expandabie first end ragion of the distal iractor region
cormprises a mesh that is coupled adjacant to the jass expandable secend end region {para{0040}; FIGS, 1-3).

As par olaim 27, Lund-Ciausen describes the methud of claim 18, wherain the axpandable first end region comprises one or mare of. 2
woven material, a mesh braided material, or a film material with muitiole openings thersthrough {para{l040; FIGS. 1-3).

As per claim 28, Lund-Clausen describes a method of perdorming a machanical thrombectomy (o remova a clot from a bleod vessel
{Abstract, paral0003]), the method comprising:

advancing a distal end of a catheter (outer catheter 10, FIG. 1) through the bicod vessel (vessel 22, FIG. 1} towards the clot (thrombus
FIG. 1; paraf0038}H00371)

exposing a distal tractor region of a ftube] that is within the catheter from the disial end of the catheter (20714, FIG. 2 para{0041]), wherein
the distal tractor region comprises an expandabie first end region {18, FIGS. 1-3) and a iess expandable second end region proximal to the
expandabie first end region {18, FIGS. 1-3; paral0l038]: note 18 at feast more expandabis dus to intarmediata expandabie region between
ends 16/18}, whaerein exposing comprises extending the sxpandable first end region out of the distal end of the catheter so that the
expandable first end region inverts over the distal end of the catheter as the expandabie first end region is extended {paral0C48}[0042):
note inharent for long length baskets in sufficiently large diameler vessels {betwsgii FIGS. 1.2}

aliowing the expandable first end region 0 expand within the blood vessel as itis extended cut of the distal end of the catheter so that 8
Gistal eng ragion of the cathster is bstween the lsss expandable second and region and the expandable first end region
{paraf0048LI0042): note inharent for long length baskets in sufficiertly large diameter vessels (bstwesn FIGS. 1-2}; Also, paraifdad]; 2.g.
ses analogous FIG, 2 for small thrombus); and

drawing the clot Into the catheter by withdrawing the tube proximally within the catheter so that the expandabie distal end region rolis over
the distal end of the catheter, collapses, and inverts as the expandable distal end region is pulied into the catheter (parafl044}; e.g. see
analogous FIG. 2-3, paraf0042] for smali thrombus}, but falls to descrine specifically tube,

However, it wouild have been abvious to one skilied in the art to provide the wire as a tube, so as to provide increased flexibility for
maneuvering.

As per dlaim 30, Lund:Claussn desoribes the rwsthod of clalm 28, but tails to describa wherein exposing the distat tractor region of the tube
that is within the catheter from tha distal end of the catheter comprises pushing the distal tractor region out of the distal and of the catheler.
Howavar, Lund-Clausen describes whears the pushing/pulling operations can be switched and/ar combinad for different aspects of the
mathods (paraf042}-{00486)), it would have been ohvious to one skilled in the art to push the tube {while retracting the outer catheler) so
as to raduce ths push/pull range of motion,

As per claim 31, Lund-Clausen desoribes the method of ciaim 28, whersin exposing the distai tractor region of the tube that is within the
catheter out of the distal end of the cathster comprises withdrawing the cathater proximally ralative to the distal tractor region of the tube
{paraf004 1.

As per claim 32, Lund-Clausen descripes the method of claim 28, but fails to describe wharsin exposing the distel tractor region of the tube
somprses exposing at least 5 mm of the expandable first end region and at least 5 mm of the less expandable second end region.
However, Lund-Clausen dascribes that the davice can be a range of sizes depending on the size of the thrombus (paraf0042]). It would
have boen obvious to one skited in the art to providalexpose any desired size, depending on the thrombus to be captured.

As per claim 33, Lund-Clausen destribas the method of ciaim 28, wherein tha expandable first and region comprises a mesh that is
coupled adjacant to the less expandable second end region {paraj0d4d}; FiGS. 1-3).

As per claim 34, Lund-Clausen describes the mathod of claim 28, wherein the expandable first end region comprises one or morg of. a
woven material, a mash braided material, or a film material with multiple openings therethrough (para[0049]; FIGS. 1-3).
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Ciaims 3-4, 21-22, 29, 35, 37-39, 74, 76, 79-80 lack an invantive step under PCT Article 33(3) as being obvious over Lund-Clausen in view
of US 2010/0248815 A1 to Jantzen et &l. (hereinafter: Jantzen).

As per claim 3, Lund-Clausen describes the method of claim 1, but tails to describe further comprising advancing 2 guidewire within the

bicod vessel to the clot, wherein advancing the distal end of the catheter comprises advancing ths catheter over tha guidewire through the
iood vesset until the distal and of the catheter is proximate to the clol.

However. Jantzen describes an everling ciot capturing device (Abstract, FIGS. 1-4) and further describes advancing a guidewire within the

biood vessel to the clot, wherein advancing the distal end of the cathetar comprises advancing the catheter over the guidewire through the

plood vessel until the distal end of the cathster is proximate to the clot (paraj0028Y). it would have been obvious to one skilled in the art to

utitiza the guidewire for initial placemaent, as is well known in the art (Jantzen: para{0023}).

As per claim 4, Lund-Clausen describes the method of claim 1, bul faiis to describe further comprising advancing a guidewire within the
biood vessat to the clot, wherein advancing the distal end of the cathaler comprises advancing the catheler over the guidswire through the
blood vesset until the distal end of the catheter is proximate to the clot, further wherein drawing the clot into the catheter comprises
advancing the catheter towards the clot over the guidewirs while roliing the expandable first end region over the distal end of thecatheter.
However, Jantzen describas an averling clot capturing device (Abstract, FIGS. 1-4) and further describes advancing a guidewirs within the
tlood vassel fo the clot, wherein advancing the distal end of the cathetar comprises advancing the catheter over the guigewire through the
blood vessel until the distal end of the cathater is proximate to the ciot, further wherein drawing the ciot inte the catheter comprises
advancing the catheter towards the clot over the guidewire while rofiing the expandabis firsi end region over the distal end of thecathatar
{para{0026h note wire removat optional). it would have been cbvicus 1o one skilied in the art to utilize the guidewire for initial placement, as
is wall known in the art {Jantzen: para[0029]}..

Ag per claim 21, Lund-Clausen describes the method of ciaim 18, but falls to describe further comprising, before exposing the distat tracior
region, advancing a guidewirs within the blood vessel to tha dlot and advancing the catheter over the guidewire through the blood vesset
until a distal end of the cathetsr is proximats to the clot.

However, Janizen descrines an gvarting clot capluring davice {Abstract, FIGS. 1-4) and further describes bafore exposing the distal tractor
region, advancing a guidewire within the blood vessel to the ciot and advancing the catheter over the guidewire through the biood vessel
until a distal and of the catheter is proximate to the clot {paraf0028}). it would hava been obvious to one skilled in the art o utilize the
quidewire for initial placement, as is well known in the art {Jantzen: paraf0U29]}.

As pet claim 22, Lund-Clausen describes the mathod of claim 18, but fails to describe before exposing the distal tracter region, advancing
@ guidewirs within the blood vessel to the clot and advancing tha cathatar over the guidewire through the binnd vessel until a distal end of
the catheler is proximate to the ciot and leaving the guidewire in place while drawing the dot into the catheter.

However, Janizen describes an evering dol capturing device {Abstract, FIGS. 1-4) and further describes before expesing the distal tracior
region, advancing a guidewire within the bicod vessel to the clot and advancing the catheter over the guidewire through the blood vessel
untit @ distal end of the catheter is proximats 10 the clot and leaving the guidewire in place while drawing the clot inte the catheter
{paraj0029): note wire removal oplional). It would have been obvious fo one skilled in the artto uiilize the guidewire for injtial placement, as
is well known in the art (Jantzen: peral0028]).

As per clgim 29, Lund-Clatisen dascribes the method of claim 28, but fails to describe further comprising advancing 8 guidewire within the
Blood vessel to the clot, wherain advancing the distal end of the cathater comprises advancing the catheter over the guidewire through the
blood vessal urtil a distal end of the catheter is proximate to the clot.

Howaver, Jantzen doscribes an everting ciot capturing device (Absiract, FIGS. 1-4) and fuither describes advancing a guldewire within the
blood vesse! to the dot, whorain advencing the distal end of the cathater comprises advancing the catheter aver ths guidewire through the
blood vaasel until a distal enc of the catheter is proximate to the clot (paraf0029]). it would have been obvious to ane skilled in the ait o
utitize the guidewire for initial placamant, as is well known in the art {Jantzen: parai0028}).

As per daim 35, Lund-Clausan describas a machanical thrombectomy apparatus for reinuving a glot from a vessel {Abstract, para{d003}},
tha apparatus comprising:

a cathatar having & distel end and a distal end opening (12, FIGS. 1-3);

a fexible {tube} extending within the catheter and doubling back over the distal end of the catheter (20714, FiG. 1}, wherein the flexidle {ube
is configured to slide and invernt over the distal end opening when a first end of the flexible tube is pulied proximatly within the catheter
{FiG. 3; paral0042}); and

but fails o describe tube, or a guidewire lumen through the cathster and the flexible tubs that is corfigurad (8 pass a guidewire.

Howswver, Jantzen describes an everting clof capturing device (Abstract, FIGS. 1-4} comprising a iwbe, and a guidewire lumen through the
cathater and the flexibla ube that is configured lo pass a guidewirs (parajl029}). it would have haen cbvious to one skifed in the antto
utiiize a hotiow tube for the entire flexible tube portion, and utitize a guidewirs for initiat placement, as is well known in the art {Jantzen:
carafd029]}.
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Ag per claim 37, Lund-Clausen describes 2 mechanical thrombectomy apparatus for removing a ciot from a vessel (Abstract, para{CO03Y},
the apparatus comprising:

an inner catheter having 2 distal and and a distal end apaning {12, FIGS. 1-3),

a flgxible {tube] extending though the catheter and doubling back over tha distal end of the inner catheter (20/14, FIG. 1}, wherein the
flexible tube is configured fo invert over the distal end opening whan a first end of the flexible tube is pulted proximally within tha inner
catheter (FIG. 3; parajd042}),

an outer cathatar extending over the inner catheter and flexidle tube {10, FIG, 1};

but fails to desciibe o lubrcious reqion of the flaxible tube exiending betwsen a disial end of the outer catheter and the distal end cpening
of the inner catheter, wherein the majority of the flexible tube is not fubricious; and

a guidewire lumen through the catheter and the flsxible tube configured to pass a guidewire.

However, Jantzen describes an evarting ¢iol capiuring device {Abstract, FIGS. 14} comprising a tube, and a guidawire lumen through the
cathetsr and the flexinle tuba that is configurad o pass a guidewire {paral0029}). Jantzen further describes a proximal lubricious section
{sea smooth firstinner partion, FIG. 3) that is puliad in first, then and a distal non-tubricious region {outside with scraping device 30, FIG. 3}
that is pulied in afterwards during eversion (para[D0311,10029]). it would have been obvicus 1o one skilled in the art to ulilize a hollow tube
for the entire flaxible tube portion, and utilize a guidewire for inilial placemant, as is well known in the ant {(Janizen: para{0023]). i would
have furiher been obvious to provids such lubricious and non-lubricious sactions so as 1o provide scraping of the walis and extremities of
the thrombus, but pravent spagging in the internal pertion o ease the suction.

As per claim 38, Lund-Ciauscn describes a mechaiival thrombactomy apparatus for ramoving a clot trom & vessel (Abstract, paraf0003}),
the apparatus comprising:

an innar cathater having a distsl end and a distal end opening (32, FIG. 4},

a flaxibie f[tube)] extending though the catheter and doubling back aver the distal end of the inner catheter {40/34, FIG. 1), wherein the
fioxibie tubs is configursd 1o invert over ths distal snd opening when 3 first end of the flexibie tube is pulled proximaily within the inner
catheter {paraj0d47}-f0048]; e.g. ses FiG. 3; para{0042]);

a releasable attachment between the flexibis tube and an outer surface of the catheter (30, FIG. 4; paral0048}),

configured to release whan the flexible 1be 15 pulied with 3 predetermined force fthat is graater than 8.01 N} {paraf0048)); and

but faifs 10 describe tube, that is graater than 0.04N, or a guidawire lumen through the cathster and the flexible lube configured o pass a
guidewira,

However, it would have been obvious to one skilied int the art, through routine tasting, 1o provide any desired release foroe, 50 88 10
provide a securs but simple relesse.

Finally, Jantzen describes an averting clot capiuring device {Absiract, FIGS. 1-4) comprising 2 tube, and 3 guidewires iuman through the
cathater and the flexible tube that is configured to pass a guidewire (paral0029]). it would have been obvious to one skilled in the art to
utilize a hollow tube for the sntire fiexinie tuhe portion, and utifize a guidewire for initial placament, as is well known in the art (Jantzen:
paraf0029%.

A3 per claim 39, Lund-Clausen describes a mechanica! thrombastomy apparatus for ramoving a clot from a vessel {Abstract, para{d003i),
the apparatus comprising:
a catheter having a distal end, a distal end opening and an innar diameter {12, FIGS. 1-3);

a fiexible jtube] extending within the catheter and doubling back over the distal snd of the catheter {20/14, FIG. 1), wherein the flexibie tube
is configured to siide and invert over the distal end opening whan a firsi end of the flexible twbe is pulled proximally within the catheler
{FIG. 3; parafCC42]}. the

flaxible Wie having a iow Poisson's ratio], such that the flexible ube has a diameter of graater than hali the inner diameter of the catheter
when pulied proximally within the catheter with sufficient force to invert over the distal end opening (FIGS. 1-3; parafC042]}; and

but fails to explicity describe low Polsson's ratic or a guidewire lumen through the catheter and the fiexible wbe configurad fo pass a
guidewire.

Howsver, Lund-Clausen describas such an expansion {FIGS. 1-2). it would have been obvisus to one skiled in the ar 1o wtiize a low
Poisson's ratic material, 56 as to aliow for the use of more types of matarials for design flexibility and potential cost savings.

Finaily, Jantzen describes an everting clot capluring devices (Abstrast, FICS. 1-4) comprising 4 lube, and a guidewire lumen through the
catheter and the flexibis tubs that is configurad to pass a guidewire (parafl029}). it would have been obvious te ona skilisd in the art o
utifize a holiow tube for the entire Rexible tubs portion, and utitize 3 guidewire for initial placement, as is well known in the art {Jantzen:
para[0029h).

As per claim 74, Lund-Clausen describes a method of mechanically removing a thrombsclomy {Abstract, parafd003]), the mathod
comprising:

advancing a [guidewire] at least to the proximal end of a dint in 8 blood vessel {thrombus FIG. 1; paral00361-{0037]);

advancing a thrombectomy apparatus distatly [over the guidewire] {20114, FIi3. 2; para[D041}}, wherein ths thrombectomy apparatus
comprises a cathater having a distal end and a distal end opening {12, FIG. 1) and & flsxible tWbe extending along an outer diameter of the
cathater and over the distal end of the catheter {14, FIG. 1}, [s0 that the guidewire passes through a lursen of the catheter and thas flaxible
tubel;

puking the flexible lubs proximally from off of the outer diameter of the cathster and into the catheter fumen 5o that the flexitla tube slides
and inverts over the distal end opening (FIG. 2-3, parajli42]); and

drawing a clot into the inveried fiexibie tube as the flexible tube is drawn into the catheter (FIG, 2-3, paraf0042]), but fails 1o describe
guidewire, ovar a guidswire, so that the guidewire passes through a fumen of the catheter and the flexible tube.

Howsaver, Jantzen describes an everling clol capturing device {(Abstract, FIGS. 1-4) and further descrives advancing a guidewire within the
blood vessat to the clot, advancing a thrombectomy apparaius distally over the guidewire, 50 that the guidewire passes through a lumen of
the cathater and the fiexibie tube {para{0028}}). it would hava baan obvious to one skilled in the arl to uillize 2 hollow tube for the antire
faxible tube porticn, and wtilize a guidewire for initial placement, as is wall known in the art {Jantzen: paraldd29y).
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As per clgim 76, Lund-Clausen describes a method of machanically ramaving a thrombectomy (Abstract, para{GC03]), the method
comprising:

advancing a {guidewire} adjacent a clot in a biood vessst {thrombus FIG. 1; para{BO3IGUD37]Y

advancing a thrombectomy apparatus distally fover ths guidewire] {20/14, FIG. 2; para{0041]), wherein the thrombectamy apparatus
comprises an inner catheter having a distal end and a3 distal end opening (12, FIG. 1) and a fsxible tube extending along an cuter diamater
of the inner catheter and over the distal end of the catheter {14, FIG. 1), and an outer catheter {10, FIG. 1) securing a distal end region of
the flexitle kube against the outer diametsr of the innar catheter {paraf0040}-{0041]), [s0 that the guidewire passes through a lumen of the
catheter and the flexible {ubel

puliing the flexible tube proximally from off of the outer diameter of the catheter and into the catheter fumen sc that a {lubricious] proximal
leader region of the fexibie tube shides and invers over the distal end opsning, untit [a non-lubricious} distat region of the flexible tube is
drawn into the inner catheter (FIG. 2-3, para{0042]}; and

drawing a clot into the inverted fiexible tube as the flexible wbe is drawn into the cathster (FIG. 2-3, paraid042]}, bul fails to describe
guidewire, over a guidewire, so that the guidewirs passes through a lumen of the catheter and the flexible fube, lubricious and a non-
lubricious,

However, Jantzen describas an averting clot capturing device (Absiract, FIGS. 1-4) and further describes advancing 2 guidewirs within the
blood vessel fo the clot, advancing a thrombectomy apparatus distaily over the guidewirs, so that the guidewlire passas through a lumen of
the catheter and the Tlexible tubs {para0028]). Jantzen further describes a proximal lubricious seclion {see smooth first/inner portion, FiG.
3} that is pulied in first, then and a distal non-iubricicus region {outside with scraping device 30, FIG. 3) that is pulied in aftarwards during
eversion {paral00311,{00281). it would have been cbvious o one skilled in the art te utilize a hollow tube for the entire figxible ube portion,
and utifize a guidewire for initial placement, as is well known in the art (Jantzen: para{0028]). it would have further been obvious to provide
such lubricious and non-lubricious sections 50 as 1o provide scraping of the walls and axtremities of the thrombus, but prevent snagging in
the internal portion o ease the suction,

As per claim 78, Lund-Clausen dascribes a mecharical thrombectomy device for removing a clot fram a vassel {Abstract, para{0003]), the
device comprising:

a cathater having a distal end and a distal end opening, wherain the catheter has an inner diameter and an ouler diameter {outer catheter
10, FIG. 1, para[C03E}),

a distal tracior region of a [iubs] within the catheter {20/14, FIG. 2 para[0041]), wherein the distal tractor region (14, FIG. 2) comprises an
expandeble distal end region {18, FIGS. 1-3) and a lass expandable distal end region proximal 1o the expandable distal end region (18,
FIGH. 1-3; paraj0038}): note 18 at least more expandabie due to intermediate expandable region betwasn ends 16/18), the distal tractor
region configured so that the sxpandable distal end region is inverted over the less expandable distal end region {FIG. 1.2}

{a guidewirs iumen through the catheter and the tube, including the distal iractor region, whersin the guidewirs lumen is configured 1o pass
a guidewire], and

{a proximial handle coupled 10 the tube and] configured fo cause refativa motion batween the catheter and tha tube such that the distal
tractor region is released from within the inner diameter of the catheter so that the axpandable distal end region may expand to a diamster
that s greatar than the outer diameter so that the catheter may be advanced between the expandabls distal end ragion and the less
axpandahie distal end region and the tuba may ba drawn proximally to pull the expandabie distal end region over the distal end of the
catheter 50 that the expandabla distal end ragion rolis into the distal

and of the cathetar, inverts, collapses and is drawn into the catheter (para[0044]; e.g. see analogous FIG. 2-3 for smali thrombus,
parafl045y,

bt fails to describe iubs, 3 guidewirs lumen through the catheter and the tube, including the distal ractor region, wherein the guidewire
fumen is configured to pass a guidewire, a proximal handle coupled to the tuba.

However, though a handle is not described, # wouid have been cbvinus to one skifled in the art to provids a handle 0 as 10 More easily
facilitate the pushing/pulling of tha parts.

Finally, Janizen describes an evarting clot capturing device {Abstract, FIGS. 1-4) and furithar describas a guidewire lumen through the
catheter and the tube, including the distat tractor region, wherain the guidewire lumen is configured 1o pass a guidewira {paral0028}). |t
wouid hava baan obvious to one skilled in the art to uiilize 3 holiow tube for tha antire flexibla tube portion, and utilize a guidewire for initial
placement, as is well knowr in the il (Jantzen: parafQ028]).
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As per olaim 89, Lund-Clausen describes a mechanical thrombectomy device for removing 2 clot from a vassel (Abstract, naraf0Ce3}), the
device comprising:

a cathater having a distal end and a distal end opening, wherein the catheter has an inner diameter and an outer diameter {outer catheter
130, FIG. 1; paraf0038});

3 tube having a distal tractor ragion within the catheter {20714, FIG. 2; para{0041}), wherein the distal tractor region {14, FIG. 2) comprises
an expandable distal end region (18, FIGS. 1-3) and a less expandable distal end region proximal to the sxpandanis distal end regien (16,
FIGS. 1-3; paraf0038}: note 13 at least more expandable due io inlermediate sxpandable region between ends 16/18}, furthar wherein the
gxpandable distal end region is biased 1o invert ovar the less expandable distal end region as it is exposed from the disial end of the
catheter {paraj0042}-{0048]; noie inherant for fong length baskets in sufficiently 1arge diameter vessels (between FIGS. 1-2))

{a guidewirs luman through the catheter and the tube, including the distal tractor region, wharein the guidewire lumen is confiqured to pass
a guidawirs]; and

{a proximat handie couplad to the tube and] coniigured to cause relative motion betwaen the catheter and tha tube such that the distal
tractor ragion is refeased from within the inner diameter of the catheter 50 1hat the expandable distal end region may expand to a diameter
that is graster than the outer dismater and the tube may be drawn proximatly to puil the expandable disial end region over the distal end of
the cathster so that the expandable distal ond regicn rolls into the distal end of the catnater, inverts, coliapses and is drawn into the
catheter (paraf0044); e.g. see analogous FIG, 2-3 for smail thrombus; paral0045]), but fails to describe tube, 3 guidewire iumean through
the catheter and the tube, inciuding the distal tractor region, wharein the guidewirs lumen s configured to pass a guidewire, a proximal
handie coupled te the tube.

However, though 8 handie is ot Jescribed, It would have been obvious 1o one skilled in the art 1o provide a handle so as t more easily
facititate the pushing/pulling of the parts.

Finally, Jantzen describes an evarting clot capluring device {Abstract, FIGS. 1-4} and lurther desciibes a guidewire fumen through the
cathotar and the tube, including the distal tractor region, wherein the guidewire fumen is configurad i pass a guidewirs (parafCt29]). it
would have bean obvious to one skilled in the art o utiize 2 hotlow fube for the entire flexible tube portion, and utilize a guidewire for initial
placement, as is wall known in the art (Jantzen: parai0028}).

Claims 36, 75 lack an inventive siep under PCT Article 33(3) as being obvious ovar Lund-Clausen in visw of Jantzen, in further visw of US
2006/0293685 A1 to Fahey et al. (harsinaller. Fahey).

As per claim 36, A mechanical thrombectomy apparatus for removing a clot from a vessel {Abstract, paral0003]), the apparatus
comprising:

a catheter having a distal end and a distal end opening (12, FIGS. 1-3), [wherein the distal end opening has a durometsr that is greater
than a durometer of a region immediately proximat to the distal end, further wherein the distal and opening nas a rounded lip profite;}

a fexible {luba} extending within the catheter and doubling back over tha distal end of the cathater (20714, FIG. 1), wherein the flexible tube
is configured to invart over the distal end opening when a first end of the flexibie tube is pulled proximatly within the catheter (FIG. §;
para{04zy; and

Bt et o desur e whisremn ma QIStal end opsning has a duromeler that is greater than a durometsr of 2 region immediately proximal (o
the distal end, fuither whersin the distal end opening has a rounded lip profile or a guidewire lumen through the catheter and the flexibie
tube caonfigured to pass a quidewire.

Howaver, Jantzen describes an everiing clot capiuring devica (Abstract, FIGS. 1.4} comprising a tube, and 2 guidewire lumen through the
catheter and the flexible tube that is configurad lo pass a guidewire {paraj0028}). 1t would have been chvious (o one skillsd in the art to
ulitize a holiow tubs for the entire flaxible tube portion, and utliize a guidewire for initiai placement, as is wall known in the art {(Jantzen:
para{0628]}).

Finally, Fahey aisc describes the design of catheter tips designed to interact with and pull inside, such thrombus removal gdavices
{Abstract, paral0125]), and describes designing the tips to be stiff refative to an adjacent region (para{0128), Abstraci} as well as a rounded
tip {para[0018]). i would have been obvious t one skilied in the ar, through routine testing, to provide a stiffered tip with a rounded
edges., S0 as to prevent snagging and coliapse.

As par claim 75, Lund-Ciausen describes a method of mechenically removing o thrombectomy, the method comprising:

advancing a [quidewirs} adjacent a ciot in a biood vessel {thrombus FIG. 1, paralQ036-0037]);

advaning 4 Huurmbectomy apparatus distally fover the guidawire] (20/14, FIG. 2, parafdl41]), wharein the thrombectomy spparatus
comprizes a catheter having a distal end and a distal end opering (12, FIG. 1) and a flexible tube extending along an outer diameler of the
cathater and over the distal end of the

cathater {14, FIG, 1), {so that ths guidawirs passes through a lumen of the catheter and the lexible

tuba;

putling the flexible tube proximally from off of the cuter diameter of the catheter and inlo the catheter lumen aver {a rounded lip of] the
distal end opening of the cathster so that the flexiblo lube slides and inverts over the distal end opening {FIG. 2-3, parai0042]), fwhersin
the dislal end opening has a durometer that is greater than a durometer of a region immediately proximal to the distal end], and

drawing a clot into the inverted fexible tube as the flexibls tubs is drawn info the cathster (FIG. 2-3, parai0042]}, but fails to describe
guidewire, over & guidewire, so that the guidewire passes through a lumen of the catheter and the flexible tube, 2 roundad lip of, wherein
the distal and opening has a durometer that is greater than a duremeter of 3 region immediatety proximal ta the distal end.

Howaver, Janzen descrines an avarting ciot capluring device {Absiract, FIGS. 1-4) and further descrites advancing a guidewirs within the
bicod vessel 1o the cint, advancing a thrombectomy apparatus distally over the guidewirs, so that the guidewire passes through alumen of
the cathetor and the flexible tube (para{0029]). it would have been cbvious to one skilled in the art o ulilize a hollow tube for the antire
fiexibie tube portion, and utiliza a guidewire for initiatl placernent, as is well known in the art (Jantzen: para{l028}).

Finaily, Fahey aisc descrines tha design of catheter tips designed 1o interact with and pull insida, such thrombus removal devices
{Absiragt, paraf0125}), and describes designing tho tips to be stiff refative to an adjscent region (parafl126], Abstract) as well s a rounded
tip {parafCR18Y). It would have been obvious to ong skilled in the art, through routine tasting, to provide a stiffened tip with a rounded
edges, so a5 1 prevent snagging and collapse.
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Claim 77 meet the requirements under PCT Articles 33(2) and 33{3} becausa the prior art does not teach or fairly suggest the method as
clamead by the applicant.

The prior art is exempiified by (1} Lund-Clausen and {2} Jantzen

As per claim 77, Lund-Clausen dascribes a method of machanically removing a thrombectomy {Abstracs, parafG003]), the method
comprising:

advancing e [guidewire] adiucent a clot In 2 blood vesse! {thrombus FIG. 1; paraf0036]-{0037}),

advancing a thrombectomy apparatus distally {over the guidewire] {20/14, FIG. 2; paraf0041]), wherein the thrombectomy apparalus
comprises a catheter having a distal end and a distal end opening {12, FIG, 1) and a flexible tube exiending along an outer diamster of the
catheter and over the distal end of the catheter {14, FiG. 1}, {so that the guidewire passes through a iumean of the catheter and the flexible
tube];

puiling the fiexible tuba proximally from off of tha outer diameater of the cathster and into the catheter lumen so that the flexible tube stides
and inverts over the distal end opening {FIG. 2-3, para{3042}); and

{pulling or pushing the flexibie tube distally out of the distat end of the catheter so that the flexible ube slides and invarts ovar the distal
end opening and over the outer diameter of the catheter; and]

drawing a clot into the inverted Rexible tube as the flexibie tube is drawn into the catheter (FIG. 2-3, paraf0042]}.

but fails io describe guidewire, over a guidewire, so that the guidewire passes through a lumen of the cathater and the fexible iuba,
pulfing or pushing the fexibie tube distally out of the distal end of the cathater so that ths flaxible tube slides and inverts over the distal end
opening and over the auter diameter of the catheter;

However, Jantzen describes an sverting clot capturing device (Abstract, FIGS. 1-4) and further describes advancing & guidewire within the
hiood vessel 1o the ciat, advancing a thrombectomy apparatus distally over the quidewire, so that the guidewire passes through a lumen of
ihe catheter and the flexible tube (oarai0028]). it would have been obvious lo ene skilled in the art to utilize a hollow tube for the entire
flexible tube portion, and utilize a guidawire for initial placement, as is weil knowrn in the an {Janlzen: para{0023]).

Finally, Lund-Clausen describes an alternate embodiment that aliows for the pushing the flexible tube distally out of the distal end of the
catheter so that the flexible tube slides and inverts over the distal end opening and over the cufer diameter of ths catheter {paraf0042]-
{0048}, but a5 an altemative means for the expansion. No prior art fairly suggests providing an aiready avertad baskat, then straightening
it, than again allowing it to every back before capturing the thromaus.

Claims 1-39, 74-77, 76-80 hava industriat applicabifity as defined by BCT Articls 33(4) becausa the subject malter can be made or used in
industry.
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Applicant

CARRIER CORPORATION

This international search report has been preparad by this international Searching Autharity and is transmitted to the applicant
according to Article 18. A copy is being transmilted to the International Bureau.

This international search report consists of a total of

itis also accompanied by a copy of each prier arl document cited in this report.

1. Basis of the report
a.  With regard to the language, the internaticnal search was carried out on the basis of;

the international application in the languags in which it was filed

m atransiation of the international apptication into . which is the language
of a translation furnishad for the purposes of intemational search (Rules 12.3(a} and 23.1(b))

This international search report has been established taking info account the rectiication of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Ruie 43.50is{a}).

=

With regard to any nucleotide and/or amino acld sequencs disclosed in the international application, see Box No. L

Certain claims were found unsearchable (See Box No. i)

Unity of invention is iacking (see Box No i)

L1 0 O

..P.

With regard to the title,
the text is approved as submitted by the appticant

l:l the text has basn estaplished by this Authority to read as foliows:

5. With regard {o the abstract,
the iaxt is approved as submitted by the applicant

"o

the {ext has been established, according to Rule 38.2, by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

8. With regard {o the drawings,
a. the figure of the drawings o be pubiished with the absiract is Figure No. &
D 3s suggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
i_\_(__} as selected by this Authority, because this figure better characterizes the invention

b l:l none of the figures is to be published with the abstract
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A. CLASSIFICATION OF SUBJECT MATTER
INV, GIOKG/12
ADD. GO8B3/18 G1oK9/122
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means
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" document of particular relevance; the slaimed invention cannot be
considered novel ar sannct be considered to involve an inventive
steg when the document is taken alone

"Y' document of particiilar relevance; the claimed invention sannot be
considered {0 involve an inventive step when the dosument is

sombines with one or more sther such decuments, such combination

being obvious to & person skilled in the art
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Eurcpean Patent ‘Iffise, P.3. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {+31-70) 340-2049,

Fax: {(+31-70) 340-301&

Authorized officer

VYalenzuela, Miriam
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column 1, Tine 5 -~ lins 8
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infernationat Patent Classification (IFG) or both national classification and IPC
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CARRIER CORPORATION

1. This opinion contains indications relating to the following items:

Z Box No. | Basis of the epinion

3 Box No. il Prierity

Ll Box No. i Noen-sstablishment of opinion with regard to novelty, inventive step and industrial applicability

L3 Box No. iV Lack of unity of invention

7 Box No. ¥ Reasoned statement under Rule 43bis.1{a){i} with regard o novelty, inventive step and industrial

applicability; citalions and explanations supporting such siatement

-

Box No. Vi
2ox No. Vi
Box No. Vi

Certain documents cited

Certain defects in the international application

Certain observalions on the international application

2. FURTHER ACTION

if & demand for infernational preliminary examination is made, this opinion will usually be considered to be a
written opinion of the international Preliminary Examining Authority ("IPEA"} except that this does not apply whare
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Ruls 88.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

if this opinion is, as provided gbove, considerad to be a writien opinion of the IPEA, the applicant is invited to
submit 1o the IPEA a writlen reply together, where appropriate, with amendmeanis, before the exgpiration of 3 months
from the date of mailing of Form PCTASARZ2C or before the expiration of 22 months from the priority date,
whichever expiras later,

Far further options, ses Foim RPCTASARZ20.

Name and mailing address of the IGA: Date of complation of Auvthorized Cfficer

this opinion

Tel. +31 70 340 - 2040
Fax: +31 70 340 - 3018

&} 3

@% European Fatent Office . 7 § 3
P.B. 5818 Patentlaan 2 see 1orm ; i g 2

__________________ NL-2260 HV Fiiwifh - Pays Bas CTASARID Valenzuela, Miriam ‘g; i

Talaphone No. +31 70 340-0
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2012032601

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

0
3

the international application in the fanguage in which it was filed.

a transiation of the infernational application info | which is the language of a transiation furnished for the
purpesas of international search (Rules 12.3(a) and 23.1 (b}).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43b6i5.1(8))

With regard to any nuclestide andor amino acld segusnce disclosed in the international application, this
opinion has been eatablished on the basis of a sequence listing:

a. i1 forming part of the intarnational application as filed:
[ in the form of an Annax CST.25 text file.
[ on paper or in the form of an image file.

p. B3 iurnished togather with the international application under PCT Rule 13#er.1{(a) fov the purposes of
international search only in the form of an Annex C8T .25 texi file,

¢. [ furnished subsequent to the internationa filing date for the purposes of international ssarch only:
[ in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).
L1 on paper or in the form of an image file {Rule 13#er.1(b) and Administrative Instructions, Saction

713).

in addition, in the case thal more than ong version or copy of a sequence listing has been filed or furnished,
the required statements that the information in tha subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriale, were
furnished.

5. Additional comments:
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Box No. ¥V Reasoned siatement under Rule 43bis.1({a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statemeni

Novelty (N) Yas: Claims 3-5.8, 11,12 16-21
No: Claims 1.2,6.7,8.10. 1315

inventive step {IS) Yes: Claims
No:  Claims 1-21
industrial applicability (1A} Yes: Claims i-21
MNo:  Claims

P

Citations and explanations

see separate shaet

Box No. Vil Certain observations on the international application

The following observations on the clarity of the claims, dascription, and drawings or on the gquestion whether the
claims are fully supported by the description, are made:

see separate sheet
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/032601

1 Prior art

Reference is made to the following documents:

D1 US 2016/100252 A1 (PATTOK GREG R [US]) 7 April 2016 (2016-04-07)
D2 US 2011/187541 A1 (NOGUCHI TAKAHIRO [JP]) 4 August 2011

(2011-08-04)

03 WO 2013/081773 A1 (UTC FIRE & SECURITY CORP [US]; GADONNIEX
DENNIS MICHAEL [US] ET AL)) 6 June 2013 (2013-06-06)

D4 US 6087 811 A (CRAWFORD IAN D [US] ET AL} 11 July 2000
(2000-07-11)

Ballem V

Reasoned staternent with regard to novelly, inventive siep or industrial
applicability; citations and explanations supporting such siatement

2 independent claim 1

The present application does not meet the criteria of Article 33(1) PCT because,
with respect (o document D1, the subject-matler of independent claim 1 is not
new in the sense of Article 33(2) PCT.

2.1 Document D1 discloses (references in parenthesis applying to this document):

A method of powering a sounder {paragraph [15] "notification apparatus 10" and
Fig.2 showing block diagram of control circuit 12 of the notification apparatus,
L.e. sounder) comprising:

= providing a constant input current (Fig.2, item 14; paragraphs [16], [18],
and [19]. The constant input current reads on the current draw of the
speaker 14, D1 discloses that the notification apparatus 10 maintains the
peak efficiency at the resonance frequency by monitoring and maintaining
the current draw of the speaker 14, i.e. providing a constant input
current.); and

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 1) (EPO-April 2005}
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3.1

« regulating an input voltage to a phase of a sound engine corresponding
with an acoustic signal generated by a sound engine (Fig.2, items 18, 20
14; Fig.3, items 20, 14, Fig.4A to 4C; paragraphs [19], [21], [23], [29] and
[30]. Regulating the input voliage reads on the coniroller 18 increasing or
decreasing the driving frequency of the input voltage supplied to the
speaker 14 to match the driving frequency of the input voltage when the
speaker is operaling at the resonance frequency as shown in Fig.dA. The
phase of the sound engine corresponding with the acoustic signai
generated by a sound engine reads on the speaker operating al the
resonance frequency. D1 discloses that the conirolier 18 monitors the
current draw of the speaker 14 to determine if the speaker is driven at the
resonance frequency. The controller 18 increases or decreases the driving
frequency supplied to the speaker 14 {o ensure efficient operation at the
resonance frequency.).

Hence, D1 discloses all the technical features of independent ¢laim 1, which
subject-matter is therefore not new {Article 33(2) PCT).

independent claim 9

The present application does not meet the criteria of Asticle 33(1) PCT because,
with respect fo document D1, the subject-matter of independent claim 9 is not
new in the sense of Article 33(2) PCT.

Document D1 discloses (references in parenthesis applying o this document):

A notification appliance (Fig.1, item 10 and paragraph [15] "nofification
apparatus 10"} comprising:

» a sound engine generatling a sound according to an accustic pattern (Hg.
2, items 12 and 14; paragraph {17]. The notification apparatus comprises
a control circuit 12 that controls the output of an audible tone from the
speaker 14 at a peak level of efficiency by driving the speaker at the
resonance frequency. The acoustic pattern reads on the resonance
frequency of the speaker as shown in Fig.4A.); and

« a power control reguiating input voltage to the sound engine that is
maiched to the acoustic pattern (Fig.2, items 18, 20 14; Fig.3, items 20,
14; Fig.4A 10 4C; paragraphs [19], [21], [23], [29] and [30]. The power
control reads on the controller 18. Regulating the input voltage reads on
the controller 18 increasing or decreasing the driving frequency of the
input voltage supplied o the speaker 14 to match the driving frequency of

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 2} (EPO-April 2005}
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3.2

4.1

4.2

[$2]

5.1

the input voltage when the speaker is operating at the rescnance
frequency as shown in Fig.4A. Thus, when the speaker is operating at a
frequency less or greater than the resonance frequency, shown in Fig.4B
and 4C, the controller 18 regulaies the driving frequency of the input
voltage supplied to the speaker 14 to match the reseonance frequency of
the speaker and thus 1o ensure efficient operation.).

Hence, D1 discloses all the technical features of independent claim 9, which
subject-matter is theretore not new {Article 33{2) PCT).

Independent claim 17

independent ¢laim 17 does not meet the criteria of Article 33(1) PCT, because,
in view of D1 taken alone, the subject-matter of ¢laim 17 does not invoive an
inventive step in the sense of Article 33(3) PCT.

Document D1 is considered to be the closest prior art to the subject-matter of
claim 17. The same reasoning as for independent apparatus claim 9 applies,
mutatis mutandis, (o the features of the corresponding system claim 17 that
have an overlap with the features specified in claim @ {see section 3.1 above).
D1 discloses these technical features, which subject-matier is therefore not new
{Articie 33(2) PCT).

The additional features of ¢laim 17 do not add anything of inventive
significance. it is common general knowledge in the field of notification systems
to connect a plurality of notification appliances by circuil wiring to provide
slectric power {see l.a. D2: Fig.2, item "to other audible alarm devices” and
paragraph [21]. See i.a. D3: Fig.1, items 22 and paragraph [8]). Consequently,
the subject-matter of independent claim 17 does not involve an inventive step in
the sense of Article 33{2) PCT in view of document D1 taken alone.

Dependent claims 2-8, 10-16, and 18-21

Dependent claims 2-8, 10-18, and 18-21 do not contain any additional fealures
which, in combination with the features of any claim o which they refer, meet
the requirements of the FCT regarding novelty (Article 33(2) PCT) or inventive
step (Article 33(3} PCT).

Article 33(2) PCT

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 3} (EPO-April 2005}

-4571-



WRITTEN OPINION OF THE International application No.
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514

51.2

o
o

o
RO
-

5.2.2

The features added by dependent claims 2, 6, 7, 10, 13-15, and 18-20 are
known from D1 which discloses (references in parenthesis applying o this
documenti):

« Claims 2, 13: (Implicit according to Fig.4A: Magnitude of the input voltage
is constant, thus volume level of audible tone outpul from speaker 14 must
be constant.)

« Claims 6, 7, 14, 15, 19, 20: {paragraphs [23] and [24]. Plurality of voltage
ievels to adjust the volume of the audible tone culput from the speaker
14.)

i

« Claim 10: (implicit according o Fig.4A: When voltage is input to the
speaker, the audible tone is generaied.)

Therefore, the subjeci-matter of claims 2, 6, 7, 10, and 13-15 is not new within
the meaning of Article 33(2) PCT, and the subject-matier of claims 19-20 is not
inventive within the meaning of Article 33(3) PCT.

Article 33(3) PCT

The additional leatures of dependent claims 3-5, 11, 12, and 18 suggest minor
implementation details which come within the scope of the customary practice
followed by persons skilied in the art (see i.a. DG Fig.1, item 22 "notification
device"” and item 26 "energy storage device”; paragraph [17]. See i.a. D4: Fig.2,
item 220 "energy storage device"; column 6, ines 22-47), especially as the
advantages thus achieved can be readily contempiated in advance. Therefore,
the subject-matier of these claims does not add anything of inventive
significance to the subject-matier of independent claim 1 or to any claim to
which they refer {Article 33(3) PCT).

The additionai features of ¢clalms 8, 16, and 21 are considered obwvicus
implementation details the skilled person would consider whenever appropriate
without applying inventive skilis. Therefore, the subject-matier of these claims
cannot be considered to invoive an inventive step {Article 33(3) PCT).

He Hem VHi

Certain observations on the international appiication

8

Article & PCT
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6.1

8.2

The application doss not meet the requirements of Article 6 PCT, because
claims 1-6€, 8, 9, 13, 14, 16, 18, and 21 are not clear, and claims lack 1, 8, and
17 essential features which are necessary to define the claimed invention, and
claims 9 and 17 lack support.

Claim 1 lacks essential features: Reading paragraph [48], it is evident that in
order to provide a constant input current, as specified in claim 1, the current 15
fiowing from the NAC has (o be stored in the energy store 48 when the sound
engine 28 is not generaling sound. Only by buffering energy in the energy siore
48, the input current can be kept constant. Consequently, storing input current
in an energy store responsive o time intervals when the sound engine is not
generating sound, is an essential feature necessary to define the claimed
invention, which is missing in the independent claim 1, contrary {0 the
requirements of Article 6 PCT.

in claim 1, the expression "regulating an inpul voltage to a phase of a sound
engine corresponding with an agoustic signal generated by a sound enging” is

not clear for the following reasons:

Which input voltage is reguiated, the input voltage {o the sounder or the input
voltage to the sound engine”? How does the sounder differ from the sound
engine?

What is a phase of a sound enging, how is it defined? Does the expression "z
phase of a sound engine corresponding with an acoustic signal generated by
the sound engine” refer o the phase of the acoustic signal, crdoes itreferto a
phase of the sound engine when the sound engine is generating sound versus
a phase when the sound engine is nof generating sound, i.e. a sound and no
sound phase or an on-off phase of the sound engine (see paragraph [43] of the
description)?

Claim 2 does not meet the requirements of Article 6 PCT because the malter
for which protection is sought is not clearly defined. The claim attempls to define
the subject-matter in terms of the result 1o be achieved, which merely amounts
to a statement of the underlying problem {regulating a scund output of the
sound engine {0 a constant volume), without providing the technical features
necessary tor achieving this resull. Which technical fealures are used {0 provide
a constant sound output volume, is the regulation of the input voltage defined in
claim 1 used or is some other means used?

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 5) (EPO-April 2005}

-4573-



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/032601

8.4

6.6

6.7

in claim 3, the expression “the sound engine being belween phases” is not
clear. What phases are meant? And what is the status of the sound engine
between phases? Does a phase of the sound engine refer 10 a time interval
when the sound engine generates socund and the "between phases” a time
intervai when the sound engine does not generate sound? According to claim 4,
it appears that the term "between phases” refers to a time interval when no
sound is generated by the sound engine.

in claims 2, 4, §, and €, the terms "sound cuiput”, "sound”, and “"sound level”
are not clear. Does the word sound in these terms refer to the acoustic signal
specified in claim 1, which is generated by the sound engine? Is the word sound
in claims 2, 4, and 5 used as synonym for the term "the acoustic signal” defined
i claim 17 Or does it refer {0 another, additional sound signal? And does the
term "sound level” in claim 6 refer {0 the sound level of the acoustic signal in
claim 1 that is generated by the sound engineg?

a sound paitern” is not clear for the following reasons:

Which voltage is meant? Is it the input voltage specified in claim 17

Which sound pattern is meant? Is the sound patiern related to the acoustic
signal generated by the sound engine?

in view of independent method claim 1 the corresponding independent
apparatus claim 9 lacks essential features: According to claim 1, it is evident
that the applicant considers the “providing g constant current” as an essential
feature necessary 1o define the claimed invention. These limitations are missing
in claim 9, contrary to the requirements of Article 8 PCT.

Furthermore, as outlined for claim 1 in section 6.1 above, ¢laim 8 lacks a further
essential feature, namely storing input current in an energy store responsive to
time intervals when the sound engine is not generaling sound. This feature is a
further essential feature necessary to define the claimed invention, which is
missing in the independent claim 9, contrary to the requirements of Article 8
PCT.

These objections for claim 9 may be overcome by including the features of
claim 11.

The same objections of lack of essential features for claim ¢ apply, mutatis
mutandis, {0 the corresponding system claim 17. The objections for claim 17
may be overcome by including the features of ¢laim 18.

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 8) (EPO-April 2005}
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6.8

8.9

6.10

6.11

Clalm 9 is not supported by the description as required by Article 8 PCT, as ils
scope is broader than justified by the description and drawings. Claim 9
specifies that the input voltage is reguiated to match the acoustic patiern. The
term "acoustic pattern” can be interpreted in many, very broad ways, such as
e.9. a melodic pattern, a pitch pattern, a medulation pattern, etc. The description
and drawings, however, specify only one type of acoustic patiern according o
which the input voltage is regulated, namely a sound and no sound paltemn {see
paragraph [43] and Fig.3 and Fig.5}. There is no basis in the description or
drawings for any other type of acoustic pattern. Conseguently, claim 9 lacks
support.

The same objection applies, mutatis mutandis, 10 the corresponding system
clalm 17.

in claim 13, the expression " provide a gonstant volume" is not clear. Does the
term "constant volume” refer to a consiant volume of the sound generated by
the sound engine according to the acoustic patiern, i.e. the sound and no sound
patiern, or does it mean that the sound engine is reguiated such that it
generates continuousily sound of constant volume without "no sound” phases?

in claim 14, the expression "adjust g _sound level generated by the sound
engine” is not clear. Does it refer to the sound level of the sound generated by
the sound engine?

The same objection appiies, muiatis mutandis, to the corresponding system
claim 19,

pattern” is not clear for the following reasons:
Which voltage is meant? Is it the input voltage specified in claim 87

Does the term "an acoustic pattern” refer to the acoustic pattern mentioned in
claim 97

The same objection applies, mutatis mutandis, to the corresponding system
claim 21.

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 7Y (EPO-April 2005}
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SEATTLE, WA 98111-1247 NOTIFICATION OF TRANSMITTAL OF
RECEVED THE INTERNATIONAL SEARCH REPORT AND
PATENT DOCKETING THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

JAN 25 2072

{PCT Rule 44.1)

PERKINS COIELLP Date of mailing

amien  JAN 30 2007

Applicant’s or agent’s file reference :
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Intemational application No. International filing date .
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Applicant INARI MEDICAL, INC.

. The applicant is hereby notified that the fnternational scarch report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he 50 wishes, to amend the claims of the international application (see Rule 46):

When? The time limz for filing such amendments is normally two months from the date of transmitial of the international
search report.

How?  Directly to the International Burcay preferably through ePCT, or on paper to;
The lutemational Bureau of WIP(O, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland

For more detailed instructions, see the PCT Appiicant s Guide, Intetnational Phase, paragraphs 9.004 - 9.0611,

3

. ij The applicant is hereby notified that no international scarch report will be established and that the declaration under
Agticle 17(2){a) to that effect and the written opinion of the International Searching Autherity ars transmitted herewith.

3. m With regard to sny protest sgainst payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
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to forward the texts of both the protest and the deciston thereon to the designated Offices.
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Bureau will send a copy of such comments to all designated Offices unless an international v;areiiminarv examination report has
been ot 15 o be established.

Shortly after the expiration of 18 months from the priovity date, the internationa! apphication will be published bv the
International Bureau. 1fthe applicant wishes 0 avoid or postpone publication, a notice of withdrawal of the international application
or of the priority claim, must reach the International Bureaun before the compimon of the technical preparations for mtemahom\
publication (Rules 90bis.1 and 90bis 3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase untit 30 menths from the priority
date (in some Offices even later), otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
gots for entry into the national phase before those designated Offices. In respect of other designated Offices, the time limit of
36 months (or later) will apply even if no demand is filed within 19 months. For detatls about the applicable time lunits, Office
by Office, see www.wipo.int/pet/enfdexis/time_limits.htmi and the PCT Applicant s Guide, Nattonal Chapters.

Within 22 menths from the priovity date, the applicant may requesi that s supplementary internationnal search be carried out
by a different international Searching Authority that offers this service (Rule 455is.1). The procedure {or requesting supplementary
inlemational search is described in the PCT 4pplicarnit s Guide, Intemational Phase, paragraphs 8.006-8.032.
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Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450
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PCT

INTERNATIONAL SEARCH REPORT
(PCT Asticle 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER ACTION
111552-8025W0O00 sec Form PCT/ISA/224G as well as, where applicable, item 3 below.
lntemational application No. International filing date (day/monthityear) {Earliest) Priority Date (dqy/‘momiyfyeqt)
PCTIUS 2145072 08 August 2021 (056.08.2021) 08 August 2020 {06.08.2020)

. Applicant ‘

INARI MEDICAL, INC.

This international search report has been prepared by this Intemnationat Searching Authority and is transmitied to the applicant according
to Asticle 18, A copy is being ransmitted to the International Bureas.

This international search report consists of a total of q/ sheets.

[:! Tt is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. ‘With regard to the language, the international search was carried cut on the basis of.
@ the international application in the language in which it was filed.

a transiation of the international application into which is the language of
a translation furnished for the purposes of international search {Rules 12.3(s) and 23.1(b}}.

b. B This international search report has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.65is(a)).

<. m With regard to any nuclectide and/or amino acid sequence disclosed in the mternational application, see Box No. L
2. Ej Certain claims were found unsearchable {sge Box No. IT}.
3. E Unity of invention &s lacking {see Box No. [HI}.

4, With regard to the title,
iZ' the text is approved as submitted by the applicant.
B the text has been established by this Authority to read 25 follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

D {he text has been established, according 10 Rule 38.2, by this Authority as it appears in Box No IV, The applicant may,
within one month fom the date of mailing of this international search report, submit comments to this Authority.

5. With regard to the drawings,
B8

a. the igure of the drawings to be published with the abstract is Figure No.
[Z} as supgested by the applicant. A
D as selected by this Authority, because the applicant failed to suggest a figure.
[:} as selected by this Authority, because this figure better characterizes the invention.

b. E] none of the figures is to be published with the abstract.

Form POT/ISA/210 {first sheet) {fuly 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCTAIS 21/45072

Box No, I Observations where certain clsims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17{Z){(a} for the following reasons:

1 [:E Ciz.ximsNos,:

because they relate to subject matter not required to be searched by this Autherity, namely:

2 D Claims Nos..

because they relate to parts of the international application that do not comply with the prescribed requirements o such an
extent that no mesningfu} international search can be carried oy, specificaity:

3. lj Claims Mos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4{a).

Box No. 11 Observations where unity of invention is lacking (Continuation of item 3 of firs{ sheet)

This International Scarching Authority found mmltiple inventions in this intemational application, as follows:

This application contains the following inventions or groups of inventions which are not 50 linkad as to form a single general inventive
concept under PCT Rule 13.1. In order for af inventions 1o be searchad, the appropriate additional search fees must be paid.

Group | Claims 1-15 directed to an autornatically-locking syringe.

Group ii: Claims 16-20 directed to a ciot treatment system.

Group ili: Claims 21-28 diracted to a syringe having & barel and a vacuum indicater having a transparent tube and an indicalor with a

visuat characteristic.

-*- See Supplemantal Box -

1. i ; _As all required additional search fees were timely paid by the applicant, this internationat search veport covers all searchable

claims.

2. m As ail searchable claims could be scarched without effort justifying additionat fecs, this Authority did not invite payment of
additional fees.

3. L__] As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

"o the mvention first mentioned in the claims; 1§ ¢overed by claims MNos.:
1-18

4. K‘ No required additional search fees were timely paid by the applicant. Consequently, this international search report is resitricted

Remsrk on Protest D The additional scarch fees were accompanied by the applicant’s protest and, where applicable, the
pavment of a protest fee.

l:! The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l § No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (23) (July 2019)
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INTERNATIONAL SEARCH REPORY International app‘:jcaiioﬂ No.

PCTUS 24745072
A, CLASSIFICATION OF SUBJECT MATTER
IPC - AG1M 5/32; AB1TM 5/315 (2021.01)

CPC - Ag1M 5/32; AB1TM 5/502; ABTM 5/3243; AB1M 5/150641; ABTM 5/3234; ASTM 5/3232; AB1TM
5/5013: AB1M 2005/5026; AGTM 2005/3247; AG1M 2005/3223; AG1M 5/315

According to {nternational Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation o the extent that such documents are included in the fields searched
See Search History document )

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Sea Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Retevant to claim No.
A US 2013/0128558 A1 {COWAN et al) 22 May 2013 (23.05.2013); entire documant, especially | 1-10
para {0028}, and Fig. 1-2. : )
A US 2004/0122359 A1 (WENZ et al.} 24 June 2004 {24.06.2004); entire document, espacially 1-15
para {$083}1-{0088), and Fig. 7.
A WO 20117073176 A1 (NOVARTIS AG) 23 June 2011 {23.06.2011); especiaily pg 8 In 33to pg 7 | 10415
n2, and Fig. 1-3.
AP WO 2021/067134 Al (BECTON, DICKINSCON AND COMPANY) 8 April 2021 (08.04.2621); 1-15
antire document.
A US 2004/0267272 At (HENNIGES et al.} 30 December 2004 (30.12.2004}; entirs document. 1-15

D Furiher documents are listed i the continuation of Box €.

E:E See patent family annex.

2 Dacember 2021

* Special categortes of cited documents: T later document published after the international filing date or priority
“A”  docursent defining the general state of the art which is not considered date and not in conflict with the application tut cited to understand
1o be of particular relevance the principle or theory underlving the invention
I document cited by the applicant in the international application “X7 document of particular relevance; the claimed invention cannot be
“E" earlier application or patent but published on or after the intemational constdered novel or cannot be considered o involve an inventive step
__ filing date . . o when the decument is taken alone
“L” document which may throw doubts on priority claim(s) or which “Y” document of parsicular relevance; the claimed invention cannot
is cited to establish the publication date of another citation or other be considered fo involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0”  documentreferring to an oral disclosure, use, exhibition of otber means being obvious to a person skilled tn the ant
“P" document published prior te the international filing date but later than  “&”  document member of the same patent family
the priority date claimed
Date of the actual compietion of the international search Drate of mailing of the international search report
1y >

JAN 20 202

Name and meiling address of the ISA/US

Mail Stop PCT, Attn: 1ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-8300

Authorized officer

Kari Rodrigusz

Telephone No, PCT Helpdesi: 571-272-4300

Form PCTASAI0 (second sheet) (July 2019)
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\ y . International application No.
Information on patent family members

PCTIUS 21145072

<. Box 11L0 - Explanations where unity of invention is lacking -*~

The inventions fisted as Groups -1l do not relate to a single general inventive concept under PCT Ruls 13.1 because, under PCT Rule
13.2, they lack the same or corrssponding spacial tachnisal features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special tachnical feature of a lock plate, not required by the claims of Groups -6,

The invention of Group If includes the special technical feature of a catheter, not requirad by the claims of Groups | or Hi,

The invention of Group Hii includes the special technical feature of a transparent tube and an indicator movably positioned within the
tube, nol required by the claims of Groups -

COMMON TECHNICAL FEATURES

GSroups | and {it share the common technical feature of a syringe having & barrel and a plungsr movabie through the barrel.

Howavar, this shared technical festure does not represent a centribution over prior art as baing anticipated by US 5,788,483 A (CHAN)
{hersinafler Chan), which discloses a syringe (10; Fig. 1-18. coi 4 in 66 o col 5 In 20) having a barrel (50; Fig. 1-10; col 5in21-23)and a
plunger movabie through the barrel {50 Fig. 1-10; col § in 21-23).

Groupe li-1l share the commes &chnical feature of a vasuum indicator.

Howaver, this shared tachnical featurs does not represent a contribution over prior art as being anticipated by Chan, which discloses a
vacuum indicator {15; Fig. 1-10; col 8 in 35-30}.

As the common technical features wera known in the art at the time of the invention, these cannot be considered special technical
features that wouid otherwise unify the groups.

Tharefars, Groups -1i lack unity under PCT Rule 13 because they do not shars 2 same of corrgsponding speciat technical feature.

Form PCTASA/ 1D (patent family annex) (fuly 2019)
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INTERNATIONAL SEARCHING AUTHORITY

To: MATTHEW S, WILLIAMS
PERKINS COIE LLP
P.0. BOX 1247
SEATTLE, WA 98111-1247

JAN 25 2022
PERKINS COIE LLP

RECEIVED :
PATENT DOCKETING

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

{PCT Rule 435is.1)

Date of mailing
{day/monthivear)

JAN 28 2027

Applicant’s or agent’s file reference

111552-8025W000

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/AJS 21/45072

International filing date (day/montivyear)

06 August 2021 (06.08.2021)

Priosity date (day/month/vear)

06 August 2020 (06.08.2020)

PC . ABTM 5/32; AGTM 5315 (2021.01)

International Patent Classification (IPC) or both national classification and IPC

CPC - AS1M 5/32; ABTM 5/502; AB1TM 5/3243; AB1M 5/150641; AGTM 5/3234; AG1M 8/3232; ASTM
5/501 3; AB1TM 2005/3026; ABTM 2005/3247; AG1M 2005/3223; AGTM 5/315

Applicant [INAR]I MEDICAL, INC.

El Box No. {

Box No. Ui

Basis of the opinien

Priority

Box No. IV Lack of unity of invention

Box No. vV

Rox No. V1 Certain documents cited

1. This opinion contains indications relating to the following items:

Box No. i1 Non-establishment of opinion with regard o novelty, inventive step and industrial appticability

Reasoned statement under Rule 43445, 1{a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

Box No. V11 Certain defects in the international application

OO0 XKD

L
&
=
2
)
<
=
=

Certain observations on the international application

= ~Q,

FURTHER ACTION

1f a demand for international preliminary examination is made, this opinion will be considered to be a writien opinion of the
International Preliminary Examining Authority {(“IPEA") except that this doés not apply where the applicant chooses an Authority
ather than this one to be the IPEA and the chosen IPEA has notified the Iniernational Bureau under Rule 66.1545(b) that wnitien
opinions of this Intemational Searching Authority will not be so considered.

I this opinion is, a3 provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the [PEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of ruailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Mait Stop PCT, Attn: ISAUS
Commissioner for Patents
2.0, 8ox 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Name and mailing address of the ISA/US | Date of compietion of this opinion

2 December 2021

Authorized officer
Kari Rodriqusz

PCY Help Desk
Telephone No. 571-272-4300

Form PCT/ASA/ZIT {cover sheet) {revised January 2019)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY POTIUS 31/45072

Box Ne. Basis of this opinion

§. With regard to the language, this opinion has been established on the basis of!
the international application in the languags in which it was filed.

a translation of the international application into which is the language of a translation
furnished for the purposes of interational search {Rules 12.3(a) and 23.1(b}).

2. D This opinion has been established taking inta account the rectification of an ebvious mistake authorized by ov netified to
this Authority under Rule 91 (Rule 43545 1(b)).

3 E] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence fistng:

a. E forming part of the international application as filed:
l:! i the form of an Annex C/ST.25 text file. .
] i on paper ot in the form of an image file.

b. furnished together with the international appiicétim under PCT Rule 13zer.1(a) for the purposes of intemnational
search only in the form of an Annex C/ST.25 ext file.

c. [j furnished subsequent to the intermational filing date for the purposes of intemational scarch only:
[ inthe form of an Annex C/ST.25 text file (Rule 13rer.1(2}).

D on paper or in the form of an image file (Rufe 13er. 1{b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a sequence Jisting has been filed or furnished, the required
statemnents Brat the information in the subssquent or additional copies is identical 1o that forming part of the application as
filed or does pot go beyond the apphication as filed, as appropriate, were furmshed.

5. Additional comroents:

For PCT/ISA237 (Box No. ) (revised January 2019}
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INTERNATIONAL SEARCHING AUTHORITY POTIUS 21/4E072

Rox No. IV Lack of unity of invention

i B In response to the invitation {Form PCTASA/206) to pay additional fees the applicant has, within the applicable time fimit:
D paid additional fees.
m paid additional fees under protest and, where applicable, the protest fee.
D paid additional fees under protest but the applicable protest fee was not paid.
E/ﬁ] not paid additional fees.

2. E:! This Authority found that the requirement of unity of invention is not complied with and chose not o invite the applicant to
pay additional fees.

3. This Authority considers that the tequirement of unity of invention in accordance with Ruje 13,1, 132 and 13.3 15

E complied with.

& not complicd with for the following reasons:

This application contains the following inventions or groups of inventions which are not so linkad as to form a single general inventive
concept undar PCT Rufe 13.1. In order for alt inventions 1o be searched, the appropriais additional search fess must be paid.

Group I Claims 1-15 directed 6 an automaticaily-locking syrings.
Group [k Claims 16-20 dirsctad 16 a clot treatment system.
Group Hil: Claims 21-26 directed to a syringe having 2 barrel and 3 vacuum indicator having a transparent tubs and an indicator with a

visual charactanstic.

The inventions listed as Groups il do not relate to a singis general inventive concept undsr PCT Rule 13.1 because, under PCT Ruls
13.2, they iack the same or corresponding special technical fsatures for the foliowing reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of a lock plate, not raquired by the claims of Groups H-HL

The invention of Group 1! includes the spacial tachnical featurs of a catheter, no! required by the claims of Groups | or HL

The invention of Group i includes the special technicat feature of a transparent tube and an indicator movably positioned within the tube,
not required by the claims of Groups i-ii.

COMMON TECHMICAL FEATURES

Groups | and {lt share the commen technical feature of a syringe having a barrel and a plunger movabia through the barral.

Howeavet, this shared tachnical feature doss not reprassnt & contribution over prior art as being anticipated by US 5,788,463 A {CHAN)
{hereinafter Chan}, which discloses a syringa (10; Fig. 1~10; col 4 In 66 to col 5 In 20) having a barrel (59; Fig. 1-10; cof 5in 21-23} and 2
piungsr movable through the barrel {60; Fig. 1-10; col 5 In 21-23},

Groups - share the common technical featura of a vacuum indicator.

Howevar, this shared ischnical feature doas not reprasent a contribution over prior art as being anticipated by Chan, which discloses a
vacuum indicator (15; Fig. 1-10; ool 8 In 36-50}.

As the common technical faatures were known in the art at the time of the invantion, thess cannot be considered spacial technical
features that would othenvise unify the groups.

Therefore, Groups il lack unity under PCT Rule 13 because they do not share a same or corresponding special technical featura.

4. Consequently, this opinion has been established in respect of the foliowmg parts of the international application:

m ali parts.

& the parts relating to chaims Nos, 1-15

Form PCTASAMRIT (Box No. V) {revised January 2019}
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Box No. ¥V Reasoned statement under Rule 435is. 1{(a}{i) with regard to novelty, inventive siep and industriaf applicability;
citations and explanations supporting such siatement :

[.  Statement

Novelty (4 Claims 115 YES
Ciaims Nore NO
Inventive step (8} Claims 15 YES
Claims Naone NO
Industrial applicability (1A} Claims i-15 YES
Claims None NO

2. Citations and explanations:
Claims 1-15 meet the criteria of PCT Article 33(2)-{3) because as wili be shown, the pricr art does not teach nor fairly suggest the claimed
fimitations.

The prior art is exempiified by (1) US 2013/0126553 A1 (COWAN st al) {hereinafter Cowany; {2) US 2004/0122353 A1 (WENZ et al}
{hereinafter Wanz), and (3) WO 2011/073176 A1 (NOVARTIS AG} (harainafter Novariis).

{1) Cowan teaches an automaticaly-locking syringe (8; Fig. 1-2; para {0028]), comptrising:

a barrel (10; Fig. 1-2; para {0028}]);

a plunger slidably positionad within the barrel (16; Fig. 1-2; para [0028]},

wharein the plunger is movable between a dapressed position and a withdrawn position {depression and withdrawing action of 18 within
10; Fig. 1-2; para {0028}), and

whersin ha plunger includes a lock feature {ratchet testh upon 18; Fig, 1-2; para {6028}); and

3 lock plate coupled to the barret (18; Fig. 1-2; para {0028}},

wharain the lock plate includes a biasing member configured to bias the fock plate to a iocking position {30; Fig. 1-2; para [0038}).

{2) Wanz teaches a syiings (Fig. 7: para [0063}-[D06EY), comprsing:

a barrel-{unlabsted barrel through which 5 exlends; Fig. 7; para 00647),

a plunger (5; Fig. 7; para {0064},

a lock plate {31, 32, 33, 34; Fig. 7; para [0084}-[C068}), :
said iock plate having an opening extanding therethrough (opening of 31, 32, 33, 34 through which 5 extends; Fig. 7},
whersin the plunger is shidably positioned in the opening {5 extending through opering of 31, 32, 33, 34; Fig. 7).

(3) Novartis taaches 2 syringe {2; Fig. 1-3; pg 6 33topg 7 in 2), comprising:

a first arm {22; Fig. 1-3; pg 7 In 20-28),

a second arm {24; Fig. 1-3; pg 7 In 20-28},

wherein the first arm is configured to be biased at least partially outwardly away from tha jongitudinal axis of the plunger lo a locking
position {outward bias of 22 away from 18; Fig. 1-3,pg8in25topg ® i 3.

-~ See Supplemental Box -

Form PCT/ISA/237 (Box No. V) (revised January 2019}
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continnation of
-*. Box V.2 - Citations and sxplanations -*-

As pertaining to dlaim 1, Cowan teaches an autormatically-locking syrings (8; Fig. 1-2; para {00281}, comprising:

a barrel {10; Fig. 1-2; para [0028]);

a plunger slidably positicned within the barrel (16; Fig. 1-2; para [0028]),

wharein the plungsr is movable between a depressed position and a withdrawn position {dapression and withdrawing action of 18 within
10; Fig. 1-2; para {0028}), and

whargin the plunger includes a iock feature {raichet teath upon 18; Fig. 1-2; para [0028]); and

a lock plate coupied to the barrei {18; Fig. 1-2; para [0028]},

wherain the fock plate inciudes a biasing member configured to bias the lock plate 1o 3 focking position {3; Fig. 1-2; para {0038]);

but is silent wherein comprising:

said lock plate having an cpening axtending therethrough,

wherein the plunger is slidably positioned in the opening,

whersin-

whan the plunger is moved from the deprassed position to the withdrawn position, the ook faature is configured to engaga the lock plate to
drive ihe lock piate to a position away from the jocking position to theraby permit the lock feature to pass through the opening, and

aftar the lock featurs passes through the opening, the biasing member is configurad to drive the lock plate 1o the locking position to inhibit
movemen: of the plunger from the withdrawn position to the depressed position.

Further, Wanz teaches a syringe {Fig. 7; para [0063}-{0066]), comprising:

a barrel (unlabaled barrel through which § extands; Fig. 7 para [0064}},

a plunger {5; Fig. 7; para [0064]}, .

a ook piate {31, 32, 33, 34; Fig. 7, para {0064}-{0066}),

said tock plate having an opening extending thersthrough (opening of 31, 32, 33, 34 through which § extends; Fig. 7},

wherein the plunger is siidably positicned in the opening {5 sxtending through opsning of 31, 32, 33,34, Fig. 73,

but the prior art does not teach nor fairly suggestwhen the plunger is moved fram the depressed position to the withdrawn position, the
lock feature is configurad to engage the lock plate to drive the lock piate to a position away from the locking position to thereby permit the
jock featurs to pass through the operning, and

after the lock fsature passes through the opening, the biasing member is configurad to drive the lock plate to the locking position 1o inhibit
movament of the piunger from the withdrawn position to the depressed pasition.

The lock plate as claimed by the Applicant is driven away to prevent dapression movement of the plunger through the barrel. There exisis
no motivation without benefit of hindsight for modification of the syringe of Cowan as modified by Wenz such the plunger is inhibited from
dapression movement as opposed to withdrawing movement, such that the claimed fimitations are met.

As pertaining to claims 2-9, the prior art does not teach nor fairy suggest the claimed iimitations, because claims 2-9 depend from claim 1.

As pertaining to claim 10, Wenz teachas an automatically-locking syringe (Fig. ¥, para {G063]-10G65]), comprising:

a barre! (Unfabeled barra through which 5 extends; Fig. 7; para {0064]) including a flange {14; Fig. 7; para {00641}

a plunger shidably positioned within the barrel (5; Fig. 7; para {0064},

wherein the plunger is aligned along a longitudinal axis {longitudinal alignment of 3; Fig. 7), and

wharein the plunger is movable along the longitudinal axis between a depressed position and a withdrawn position {movemsnt of 5 through
unlabeled barrel; Fig. 7; para [00641),

a lock member couplsd to the plunger (31, 32, 33, 34; Fig. 7; para [0084}-{0C66]},

wharein the lack member includes a body (body of 31; Fig. 7; para {084])

but is silent wherein:

the Jock member includes a first arm hingedly coupled to the body,

wherein the first arm is configured o be biased at least partially outwardly away from the longitudinal axis of the plunger o a locking
position; and :

an actuator including a second arm,

wherein the actuator is movable between a first position and a second position, and

whersin the second am is configured 1o engage the first arm in the second position to drive the first arm inwesfly toward the longitudinal
axis away from tha locking position.

Fusther, Novartis teaches a swings {2; Fig. 1-3; pg 6 In 33 to pg 7 In 2), comprising:

a first arm {22; Fig. 1-3; pg 7 In 20-28),

a second arm {24; Fig. 1-3; pg 7 in 20-28},

wherain the first arm is configured to ba biased at least partially outwardly away from the longitudinal axis of tha plunger to a locking
position (outward bias of 22 away from 18; Fig. 1-3:pg 8in250pg9in 3, .

but the prior art does riot teach nor fairly suggest empioyment of the siemants of Novartis upon the syringe of Wenz such that the claimad
limitations ara met.

Thers exists no motivation without benafit of hindsight for employment of the first arm and second anm of Novartis upon the syringe of
Wernz, such that the second arm engages directly with the first arm in order to unlock the plunger for withdrawing. :

As perﬁaining ta claims 11-15, the prior art doss not teach nor fairly suggest the claimed limitations, because claims 11-13 depend from
claimy 10,

Claims 1-15 have industrial applicability as defined by PCT Article 33{4) because the subject matter can be made or used by industry.

Form PCT/ISA/237 (Supplemental Box) (revised January 2019)
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Applicant

STRYKER CORPORATION

This international search report has been preparad by this international Searching Autharity and is transmitted to the applicant
according to Article 18. A copy is being transmilted to the International Bureau.

This international search report consists of a total of

itis also accompanied by a copy of each prier art document cited in this report.

1. Basis of the report
a.  With regard to the language, the internaticnal search was carried out on the basis of;

the international application in the languags in which it was filed

m atransiation of the international apptication into , which is the language
of a translation furnishad for the purposes of intemational search (Rules 12.3(a} and 23.1(b))

This international search report has been established taking info account the rectiication of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Ruie 43.5bis{a}).

=

With regard to any nucleotide and/or amino acld sequencs disclosed in the international application, see Box No. L

Certain claims were found unsearchable (See Box No. i)

Unity of invention is iacking (see Box No i)

L1 0 O

..P.

With regard to the title,
the text is approved as submitted by the appticant

l:l the text has basn established by this Authority to read as foliows:

5. With regard {o the abstract,
the iaxt is approved as submitted by the applicant

"o

the {ext has been established, according to Rule 38.2, by this Authority as it appears in Box No. V. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

8. With regard {o the drawings,
a. the figure of the drawings o be pubiished with the absiract is Figure No. 7
3s suggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
L__} as selected by this Authority, because this figure better characterizes the invention

b l:l none of the figures is to be published with the abstract
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Minimum documentation searched (slassification system followed by slassification symboels)

Documentation searched other than minimum desumentation to the extent that such decuments are included in the flelds searched

EPC~Internal, WPI Data
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(68066} ; figures 1-9
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(6062187 figures
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[000138] -
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Further documents are listed in the continuation of Box C.

See patent family annex.

* Special sategories of cited documents :
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to be of particular relevance
earfier application or patent but published on or afler the internationat
filing date
“L" dosumentwhich may throw ceubls on priority dlaim{s) orwhich is
gited to establish the publivation date of another citation or cther
special reason {as specitiad)

»

m

") dosument referring to an oral disclosure, use, exhibition or other
means

P document published prior to the intemational filing dale but later than
the pricrity date claimed

“T" later document published after the international filing date or priosity
date and not in senflict with the application but cited {o understand

" document of particular relevance; the slaimed invention cannot be
considered novel ar sannct be considered to involve an inventive
steg when the document is taken alone

"Y' document of particiilar relevance; the claimed invention sannot be
considered {0 involve an inventive step when the dosument is

sombines with one or more sther such decuments, such combination

being obvious to & person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

18 October 2018

Date of mailing of the intemational searsh report

25/10/2618

Name and maifing addreas of the {SA/

Eurcpean Patent ‘Iffise, P.3. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. {+31-70) 340-2049,

Fax: {(+31-70) 340-301&

Authorized officer

[oanovici, T
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Relevant to slaim No.

A

WO 20097036482 Al {LAZARUS EFFECT INC
[UST: MARTIN BRIAN B [US] ET AL.}

g July 2009 {2005-87-89}

abstract

paragraphs [0159] - [0164]; figure 13

1-28
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EP 2231837 Al 25-89-2010
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JP 2013233454 A 21-11~-2613
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Us 2014005717 Al 02-61-2014
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sae form PCTASAZ20

Date of mailing
{Qaymonthivear) see form PCTASARZ10 (second sheet)

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASARZ20 See paragraph 2 below

international application No. international filing date {oayinenthiear) Priority date {dayfnonthiear}
POTAIS20184050410 10.09.2018 10.00.2018

infernationat Patent Classification (IFG) or both national classification and IPC

INV. AG1B17/22 AGIB17221 ABTIB173207

Applicant

STRYKER CORPORATION

1. This opinion contains indications relating to the following items:

Z Box No. | Basis of the epinion

3 Box No. il Prierity

Ll Box No. i Noen-sstablishment of opinion with regard to novelty, inventive step and industrial applicability

L3 Box No. iV Lack of unity of invention

7 Box No. ¥ Reasoned statement under Rule 43bis.1{a){i} with regard o novelty, inventive step and industrial

applicability; citalions and explanations supporting such siatement

-

Box No. VI Certain documents cited
Box No. Vi Certain defects in the international application

Box No. VI Certain observations on the international application

2. FURTHER ACTION

if & demand for infernational preliminary examination is made, this opinion will usually be considered to be a
written opinion of the international Preliminary Examining Authority ("IPEA"} except that this does not apply whare
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
international Bureau under Ruls 88.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

if this opinion is, as provided gbove, considerad to be a writien opinion of the IPEA, the applicant is invited to
submit 1o the IPEA a writlen reply together, where appropriate, with amendmeanis, before the exgpiration of 3 months
from the date of mailing of Form PCTASARZ2C or before the expiration of 22 months from the priority date,
whichever expiras later,

Far further options, ses Foim RPCTASARZ20.

Nama and mailing address of tha iGA: Date of complation of Authorized Officer -
this opinion ‘&}\,z\'“ “‘5"'*am,.F
@% European Patent Office . @ g %
P.2. 58182 Patentltaan 2 see rm foanovici T & E z
__________________ NL-2280 HV Biiswijk - Pays Bas CTASARID ’ 5
Tel. 431 70 240 - 2040 Telephone No. +31 70 340-0 R
Fax: +31 70 340 - 3018 h

Form PCTASARSY (Cover Shaet) (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTAIS2012050410

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

0
3

the international application in the fanguage in which it was filed.

a transiation of the infernational application info | which is the language of a transiation furnished for the
purpesas of international search (Rules 12.3(a) and 23.1 (b}).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43b6i5.1(8))

With regard to any nuclestide andor amino acld segusnce disclosed in the international application, this
opinion has been eatablished on the basis of a sequence listing:

a. i1 forming part of the intarnational application as filed:
[ in the form of an Annax CST.25 text file.
[ on paper or in the form of an image file.

p. B3 iurnished togather with the international application under PCT Rule 13#er.1{(a) fov the purposes of
international search only in the form of an Annex C8T .25 texi file,

¢. [ furnished subsequent to the internationa filing date for the purposes of international ssarch only:
[ in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).
L1 on paper or in the form of an image file {Rule 13#er.1(b) and Administrative Instructions, Saction

713).

in addition, in the case thal more than ong version or copy of a sequence listing has been filed or furnished,
the required statements that the information in tha subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriale, were
furnished.

5. Additional comments:

Form PCTASA/237 (January 2015}
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Box No. ¥V Reasoned siatement under Rule 43bis.1({a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statemeni

Novelty (N) Yas: Claims 10-13,16-20, 22, 23
No: Claims 1-9.14,15, 21, 24-28

inventive step {IS) Yes: Claims
No:  Clains 1-28

industrial applicability (1A} Yes: Claims i-28
MNo:  Claims

P

Citations and explanations

see separate shaet

Box No. Vil Certain defects in the international application

The following defects in the form or confents of the international application have been notad:

sge separaie sheet

Box No, Vil Certain observations on the inlsrnational application

The fnllowing obsarvations on the clarity of the claims, description, and drawings or on the guestion whether tha
claims are fully supported by the description, are made:

see separaie sheet

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/050410

FHeltem V

Heasoned statement with regard fo novelly, inventive step or indusirial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 WO 2017/189535 A2 (STRYKER CORP [US]) 2 November 2017 (2017-11-02)
D2 WO 2018/049317 A1 (STRYKER CORP [US]) 15 March 2018 (2018-03-15)
D3 WO 2017/189591 Al (STRYKER CORP [US]) 2 November 2017 (2017-11-02)

D4 WO 2009/088482 A1 (LAZARUS EFFECT INC [US]; MARTIN BRIAN B [US]
ET ALY 9 July 2009 (2000-07-09)

The present application does not meet the criteria of Ardicle 33(1) PCT, because the
subject-matter of claims 1, 14 and 21 is not new in the sense of Article 33(2) PCT.

D1 (abstract; paragraphs [0022], [000154] - [000155], [000167] - [000195], [000219);
figures 2-42) discloses:

An atherectomy device for removing a plaque material from a blood vessel {abstract),
the device comprising:

a catheter having a distal edge defining an opening that provides access ¢ a lumen
within the catheter {para.[000154]-{000155)); and

atractor {144,201,311,405,601,1101,1401,1600) comprising a flexible tube that at least
partially covers and exiends along an outer surface of the catheter and inverts over the
catheter distal edge, such that a first end of the flexible iube exiends through the
epening into the lumen of the catheter (fig.2-17,31-40),

wherein the flexible tube comprises a plurality of engagement features cut at an acute
angle into an outer surface of the flexible tube to form a plurality of acute cutting edges
{para.[00022],[000171],]000178]-[000182]), and

wherein the flexible ube is configured so that pulling the first end of the flexible tube
proximally through the catheter lumen causes the flexible tube o roll and invert over the
catheter distal edge, thereby exposing the acule cutling edges distaily as the flexible
ube rolls into the catheler lumen (para [0001811-000182],fig.2-17,31-40}.

Moreover D1 also discloses the supplementary features of claims 14 and 21, such as
the different shapes engagement features {para.[C00181}1-[000184], fig.30-37), the
activatable tractor (the term "activatable” is interpreted as being actuatable manually or
by other driving means, para.[000219)]), the spaced apart bands of engagement (knit

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 1) (EPO-April 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2019/050410

bands / circumiferentially aligned hoops 1105/ interlocking keys 2801 / stiffer regions
2403/3001 in between flexible regions 2401/3003, para {000181]-{000184], fig. 10,13,
17,18,20,26-37,40).

Furthermore D2 {abstract; paragraphs [0082], [C00136] - [000148]; figures 1-28) and D3
{(abstract; paragraphs [00021] - [00024], [000386] - [000686]; figures 1-9) also discloses all
ihe fealures of claims 1 and 14, especially the engagement features (D2 para.f000144],
[C00150] D3 para[O038]).

Dependent claims 2-13, 15-20 and 22-28 do not appear to contain any additional
features which, in combination with the features of any claim to which it refers, meet the
requirements of the PCT in respect of novelty and/or inventive step. The technical
features of these claims are either disclosed in D1-D4 or are minor consiructional detall
changes. Some examples of the disclosed features can be seen below:

Claims 2-3: D1 para[0001311,[000151],[000155],[000163],[000167],[000181]1-[000184],
fi0.2C,13,17,25.

Claims 5-8, 22-27: D1 knit bands / circumferentially aligned hoops 1108/ interlocking
keys 2601/ stiffer regions 2403/3001 in between flexible regions 2401/3003, para.
[0001811-[000184], fig. 10,13, 17,18,20,26-37,40.

Claims 9-12, 15-18: D1 para.[000181]-[000184], fig.30-37.
He lHem Vil
Certain defects in the international application

The present application does not meet the requirements of Rule 8.3(b) PCT regarding
the use of the two-pari form in claims, of Rule 86.2{(b) PCT regarding reference signs, of
Rule 10.1{d) PCT regarding internationally recognized unils {(see paragraphs [0059],

art in the description.
Re ltem Vil
Certain chservations on the international application

Although claims 1, 14 and 21 have been drafted as separate independent claims, they
appear to relate eflectively io the same subject-matter and to differ from each other only
with regard to the definilion of the subject-matier for which protection is sought and/or in
respect of the terminology used for the leatures of that subject-matier. The
aforementioned claims therefore lack conciseness and as such do not meset the
requirements of Article ¢ PCT.

Form PCT/ISA/Z37 (Separate Sheet) (Sheet 2} (EPO-April 2005}
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PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTEENATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing
{day/monifiyear}

MAR 16 204

Applicant’s or agent’s file reference

111552-8027W000

FORFURTHER ACTION  See paragraphs 1 and 4 below

International application No.

PCTAIS 21/58793

International filing date
{day/month/year)

10 November 2021 (10.11.2021)

Applicant INARI MEDICAL, INC,

When?
search report.

How?

2{ ]

4, Reminders
been or is to be established.

publication (Rules 90bis.1 and $0bis.3).

30 months (or later) wil

Within 22

Filing of amendments and statement under Article 19: :
The applicant is entitled, if he so wishes, to amend the claims of the international application {see Rule 46):

L. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

The time limit for filing such amendments is normally two months from the date of transmittal of the international

Directly to the International Bureau preferably through ePCT, or on paper to:
The International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland

For more detailed instructions, see the FUT Applicant s Guide, International Phase, paragraphs 9.004 — 9.011,

The applicant is hereby netified that no intemnational search report will be established and that the declaration under
Article 17(2){a) to that effect and the written opinion of the International Searching Authority are transmitted herewith,

3. D With regard to any protest against payment of {an) additiona! fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the International Bureau together with any request
to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to
the International Bureau. These comments will be made available to the public after international publication. The Intemational
Bureau will send 2 copy of such comments to all designated Offices unless an international preliminary examination report has

Shortly after the expiration of 18 months frem the priority date, the international spplication will be published by the
international Bureau. Ifthe applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application,
or of the priority claim, must reach the International Burean before the completion of the technical preparations for international

Within 19 months {rom the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase untii 38 months from the priority
date {in some Offices even later); otherwise, the applicant must, within 28 months from the priority date, perform the preseribed
acts for entry into the naaionai phase before those designated Offices. In respect of other designated Offices, the time limit of
i apply even if no demand is Hed within 19 months. For details about the applicable time limits, thce
by Office, see www.wips. int/pet/enftextsftime_limits.himi and the PCT Applicant 5 Guide, National Chapters.

Z months from the priovity date, the applicant may request that a supplementary international search be carried out
by a different International Scarching Authority that offers this service (Rule 45h4s.1). The procedure for requesting supplementary
mnternational search is described in the PCT dpplicant s Guide, International Thase, paragraphs 8.006-8.032,

Name and mailing address of the ISA/US
Mail Siop PCTY, Attn: I8A/US

Commissicnar for Patenis

P.0. Box 1450, Alexandria, Virginia 223131450

Facsimile No. $71-273-8300

Authorized officer

Kari Rodriquez

Telephone No. PCT Helpdask: 571-272-4300

Form PCT/ASA/220 (revised January 2020)
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PCT

INTERNATIONAL SEARCH REPORT
(PCT Article {8 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER ACTION
111552-8027W000 see Form PCT/ISA/220 as well as, where applicable, item 3 below.
International application No. International filing date (day/monthivear) {Earliest) Priovity Date (day/month/year)
PCT/US 21/58793 10 November 2021 (10.11,2021) 10 November 2020 (10.11.2020)

Applicant
INARE MEDHICAL, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
o Article 18. A copy is being transiiitted to the International Bureau.

This international search report consists of atetal of 5 sheets.

D 1t is also accompanied by a copy of each prior wrt document cited in this report.

{. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
the international application in the language in which it was filed.

a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(h)).

b. I ] This international search report has been established taking into accouns the rectifieation of an ebvious mistake avthorized
by or notified to this Autherity under Rule 91 (Rule 43.85is{a)).

<. | l With regard to any nucieotide andfor amino acid seguence disclosed in' the international application, seg Box No. L.
2. ij Certain claims were found unsearchable {see Box No. [i}.
3. Unity of invention is lacking {see Box No. ).

4. With regard to the title,
the text is approved as submiited by the applicant,
El the text has been established by this Authority to read as follows:

5. With regard to the abstract,
]X[ the text is approved as submitted by the applicant,

[ J the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. [V. The applicant may,
""" within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
1C

a. the figure of the drawings to be published with the absiract is Figure No.
as suggested by the applicant.
[:] as selected by this Authority, because the applicant failed to suggest a figure.
E] as selected by this Authority, because this figure better characterizes the invention,

b. ! "“‘ none of the figures is to be published with the abstract.

Form PCT/SA/210 (first sheet) (July 2019) -4596-
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A,  CLASSIFICATION OF SUBIECT MATTER
PC - AB1B 17703; A618 17/04 (2022.01)

CPC - AB1B 17/04; AB1B 2017/0496; AG1B 17/03; AG1B 17/56; AG1B 17/0467; AG1B 17/3869; A61B
17/0482; AG1B 17/0469

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system foliowed by classification symbois)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched
See Search History document

Electronic data base consuited during the international search (name of data base and, where practicable, search terms used}
Sea Search History document

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,376,101 A (GREEN et al.) 27 December 1894 {27.12.1394); entire document, especially 11, 5-7
-~ col6in 58 tocol 7in 17, and Fig. 15-18. : -
Y 2-4
Y US 5,192,274 A (BIERMAN) 8 March 19393 (09.03.1993); especially col 2 In 21-54, and Fig. 1-2.12-3
Y US 2013/0116708 A1 (ZINITI et al.) 8 May 2013 (09.05.2013}); especially para [0030}, and Fig. {4
18A-R.
A LS 2004/0260344 A1 (LYCNS at al.) 23 December 2004 (23.12.2004); entire document. i-7
D Further documents are listed in the continuation of Box C. {j 3 See patent family annex.
* Special categories of cited documents: “T"  later document published after the international filing date or priority
“A”  dosument defining the general state of the art which is not considered date and not in conflict with the applisation but cited 10 understand
to be of particutar relevance the principle or theory underlying the invention
“Y” deocument cited by the applicant in the international application “X” document of particufar relevance; the claimed invention cannot be
“E” carlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L”  document which n’:\g throw doubts on priority claim(s) or which *“Y” document of particular relevance; the claimed iwvention cannot
1s cited to establish the

fpubh\at ion date of another citation or other be considered to involve an inventive step when the document is
combtned with one or more other such documents, such combination

special reason {as specifie ) ; ther s
being obvicus 10 a person skilled in the art

“07 documentreferring to an oral disclosure, use, exhibition or ather means

“pn dccumentpubhsbed pnor to the mternatmr\al filing date but fater than  “&” document member of the same palem'famiiy
the prionty date claimed .

Dhate of the actual completion of the international search Date of mailing of the mtematsonai a?ﬁ report
2 March 2022 mAR 2'

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: IBSA/US, Commissioner for Patents Kart Rodriquez

P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 -4507 _Telephone No. PCT Helpdesk: §71-272-4300
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-*- Box H1.0 - Explanations whers unily of invention is lacking -*-
SPECIAL TECHNICAL FEATURES

The invention of Group | includes the spacial technical feature of when the first through-hole and the second through-hole receive the
suture and the actuator is in the second position, the actuator and the housing cooperale to permit the suture to move relative to the
housing, not required by the claims of Group iI-il.

The invention of Group i includes the special technical feature of a biasing member operably coupled between the actuator and the
hiousing, not required by the claims of Group | or H.

The invention of Group i includas the special technical feature of adjusting a tension of the suturs to a desired tension, not required by
the claims of Group -l

COMMON TECHNICAL FEATURES

Groups Hil share the commaon technical feaiure of a sulure lensioning device.
Howevar, this shared technical feature does not represent a coniribution over prior art as being anticipated by US 8,888,791 B2
{JARAMILLO et 8t} (hereinafter Jaramilio}, which discioses a suture tensioning device {100; Fig. 1; col § in 40-82).

roups I-i share the common technical feature of a device for tensioning a suture, compnsing:
& housing having a first through-hole; and
an actualor coupled o the housing and having a second through-hole,
whergin the actuator is movable relative to the housing from 2 first position 1o a sscond position.
Howaver, this shared technical feature does not represent a contribution over prior art as being anticipated by Jararmilio, which discloses
a davice for tensioning a suture (Fig. 9; col 7 In 41-51), comprising:
a housing {upper housing of 900; Fig. 9; col 7 in 41-51) having a first through-hole (802; Fig. 9; cot 7 In 41-51); and
an actuator {803, uniabeled semicircular half adjiacent 903; Fig. 8; col 7 in 41-51) coupled o the housing and having a second through-
nole {801, Fig. 9; col 7 In 41-51),
wherein {he actuator is movabie relfalive to the housing from a first position {903 adiacent and fSush with housing of 900; Fig. 3; col 7 in
41-51) to a secend position {position of Fig. 9 with 503 deployed rotated outward; Fig. 9; col 7 in 41-51).

As the common technical features were known in the art at the fime of the invention, these cannot be considered special technical
features that would otherwise unify the groups.

Therefore, Groups - fack unily under PCT Rule 13 bacause lhey do not share a same or coresponding special technical featurs.
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PATENT COOPERATION TREATY

From the
INTERMATIONAL SEARCHING AUTHORITY

To: MATTHEW 5. WILLIAMS ?@T
PERKINS COQIE LLP ' ’
P.O. BOX 1247
SEATTLE, WA 38111-1247 WRITTEN OPINION OF THE
RECEVED INTERNATIONAL SEARCHING AUTHORITY
PATENT DOCKETING ‘
(PCT Rule 43bis.1)
MAR 22 2022
PERKINS COIELLP Date of mailing p 5099
{day/monthiyear) 2 ‘f i g.( 1
Applicant’s or agent’s file reference FOR FURTHER ACTION
111582-8027WCO0O0 See pavagraph 2 below
International application No. International filing date {day/monifvyear} Priority date (daymonthiyear)
PCT/US 21/58793 ' 10 November 2021 (10.11.2021) 10 November 2020 {(10.11.2020)

International Patent Classification (IPC) or both national classification and [PC

IPC - AS1B 17/03; AGIB 17/04 (2022.01)

CPC - AB1B 17/04; AGIB 2017/0406; AG1B 17/03; AG18 17/56; AB1B 17/0467; AG1B 17/8869; AB1B
17/0482; AG1B 17/0469

Applicant INART MEDICAL, INC.

1. This opinion contains indications relating to the following items:

Box No. 1 Basis of the opinion

Box No. | Priority

Box No. Il Non-establishment of opinion with regard to novelty, inventive step and indusirial applicability
Box No. I‘Q’ Lack of unity of invention

BoxNo. V¥V Reasoned statement under Rule 43475 1(a)(1) with regard to novelty, inventive siep and industrial dpp ticability;
citations and explanations supporting such statement

Box No. Vi Certain documents cited

Box No. VII  Certain defects in the international application

LD KDL

Box No, VI Certain observations on the international application
pp

2. FURTHER ACTION

if a demand for international preliminary examination is made, this opinion will be considered to be 2 written opinion of the
Intermational Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the [PEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that written
opintons of this International Searching Authority will not be so considered.

I{ this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendruents, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ASA220,

Name and mailing address of the ISA/US| Date of complation of this opinion Authorized officer

Aall Stop PCT, Atin 1ISA/US Kari Rodriquez
Commissioner for Patents ”

P.0. Box 14580, Alexandria, Virginia 22313-1450 2 March 2022 PCT Help Desk

Facsimile No. 574-273-8300 Telephone No. §71-272-4300

Form PCT/ISA/237 {cover sheet) {revised January 20193 -4500-



WRITTEN OPINION OF THE International appiicatian Nao.

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 21/58793

Box Ne. { Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international applicaiion in the language in which it was filed.

a transiation of the international application into which is the language of a transiation
furnished for the purposes of mternational search (Rules 12.3(a) and 23.1{b)).

2. [:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 {Rule 425i5.1{b)).

3. [::’ With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing:
a, m forming part of the international application as filed:
ﬂ i the form of an Annex C/ST.2S text file.
L_:] on paper or in the form of an image file.

b, furnished together with the international application under PCT Rule 13ter.i{a) for the purpases of international
search only in the form of an Annex C/ST.2S text file,

c. D furnished subsequent to the international filing date for the purposes of international search only:
i I -in the form of an Annex C/8T.25 text file (Rule 134er.1{a}).

i i on paper or in the form of an image file (Rule 13rer. 1{b) and Administrative Instructions, Section 713},

4. E l In addition, inr the case that more than one version or copy of a sequence fisting has been filed or furnished, the reguired
7 statements that the information in the subsequent or additional copies is tdentical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE International application No.
INTERNATIONALSEARCHING AUTHORITY POTAUS 21/58793

Box No. IV Lack of unity of invention

. In response to the invitation (Form PCTASA/206) w pay additional fees the applicant has, within the applicable time limit:
paid additional fees.
paid additional fees under protest and, where applicable, the protest fee,

paid additional tees under protest but the applicable protest fee was not paid.

KDDD

not paid additional fees.

2. [:] This Authority found that the requirement of unity of invention is not complied with and chose not to invite the applicant to
pay additional foes.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is

not complied with for the following reasons:

This application containg the following inventions or groups of inventions which are not so linked as to form a single general inventive
soncept under PCT Rule 13.1. In order for all inventions to be searchad, the appropriate additional search fees must be paid.

Group | Claims 1-7 directed to a device for tensioning a suture, having a housing with a first through-hole and an actuator with a sacond
through-haole.

Group li: Claims 8-14 directed to a suture tensioning device, having a housing, an actutator, and a biasing membar.
Graup Hi: Claims 15-20 directed o 8 method of tensioning a suture.

The inventions listed as Groups {1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the follpwing reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of whan the first through-hole and the second through-hole receive the
suture and the actuator is in the second position, the aciuator and the housing cooperate to permit the suture to move relative 1o the
housing, not requiraed by the claims of Group H-iil.

The invention of Group i includes the special technical feature of a biasing member operably coupled between the actuator and the
housing, not required by the claims of Group § or i,

The invention of Group i includes the spacial technical feature of adjusting a tension of the suture 10 a desired fension, not required by
the claims of Group |-ii.

COMMON TECHNICAL FEATURES

Groups I-ill share the common technical fzature of 8 suture lensioning device.
However, this shared technical featurs does not reprassent a contribution ovar prior art as being anticipated by US 8 388,791 B2
(JARAMILLO et al) (hereinafter Jararnillo}, which discloses a suturs tensioning device (100; Fig. 1; col 5 In 40-623.

Groups -1 share tha commeon technical fealure of a device for tensioning a suture, comprising:

a housing having a first through-hole; and

an actuator coupled to the housing and having a second through-hola,

wherein the actualor is movabie relative to the housing from a first passtson to a sacond position

However, this shared technical faature does not represent a contribution over prior art as bemg amicipated by Jaramilio, which discloses
a device for tensioning a suturs (Fig. 8; col 7 in 41-81), comprising:

a housing {upper housing of 900; Fig. §; col 7 in 41-51) having a first through-hole {902; Fig. §; col 7 in 41-51); and

an aciuator (803, uniabeled semicircular hall adjacent 803; Fig. 9; col 7 In 41-51) coupled (o the housing and having a second through-
hele {301, Fig. 9; col 7 In 41-51),

wherein the actuator is movabile relative to the housing from a first position (803 adjacent and flush with housing of 800; Fig. 9, coi 7 In 41
-51} {o a second position {position of Fig. 9 with 903 deployed rotated outward; Fig. 9; col 7 in 41-51).

-"- Gee Supplermental Box -*-

4. Consequently, this opinion has been established in respect of the following parts of the international application:

[j alf parts.

l>< the parts relating to claims Nos. 1-7
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US 21/58793
Box Neo. ¥V Reasoned statement under Rule 43645 1{z)}{(i) with regard to novelly, inventive step and indusirial applicability;

citations and explanations supporting such siatenent

1. Siatement

Novelty (N} Claims >4 YES
Claims 4,57 : NO
Inventive step {15} < Claims None YES
Claims 1-7 NO
Industrial applicabitity (1A) Claims -7 YES
Claims None NO

2. Ciations and explanations: .
Chaims 1 and 5-7 lack noveity under PCT Articie 33(2) as being anticipated by US 5,376,101 A (GREEN et a1} {herainafter Green).

As pertaining to claim 1, Green teaches a device for tensioning a suture (Fig. 15-18; col 6 In 56 to col 7 in 17), comprising:

3 housing (510; Fig. 15-18; col § In 86-82) having a first through-hole (511; Fig. 15-18; coi 6 In 86-62); and

an aciuator {520; Fig. 15-18; col 8 in 56-82) coupled to the housing and having a second through-hote (passageway 528, Fig. 15-18; coi 6
in83tc col 7 in 13},

wherein the actuator is movable relative to the housing from a first position (position of 520 relative to 510 in Fig. 17, cof 7 In 4-12) ko a
second position {position of 520 refative 10 510 in Fig. 16; col 8 in 63 locol 7in 3),

wherein the first through-hole and the second through-hole are configurad to receive a suture therethrough {(10; Fig. 15-18; coi 7 in 1-3),
and wherein-

when the first through-hole and the second through-hole recaive the suturs and the actuator is in the first position, the actuator and the
hiousing cooperate to inhibit the suture from moving relative to the housing {receipt of 10 through 511, hole through 520, secured in Fig.
17; ool 7 in 4-17); and

whan the first through-hole and the second through-hole receive the suture and the actuator is in the second position, the actuator and the
hausing cooperate to permit the suture to move relative to the housing {receipt of 10 through 511, hole through 520, adjustable in Fig. 186;
ool 8 In 83 to col 7 In 3).

As periaining to claim , Green teaches the device of claim 1 wherein the first through-hole and the second through-hole are axiaily offsel
in the first position {position of 520 and 528 offset relative to 510 and 511 in Fig. 17; col 7 In 4-12), and wherain the first through-hole and
the second through-hole are axially aligned in the second position (posiiion of 520 and 526 aligned refative {0 510 and 511 in Fig. 18, col &
in83tocot7in 3).

As pertaining to claim 8, Green teaches the daevice of claim 5 wherein the housing and actuator engage the suture in the first position to
clarnp the suture refative to the housing (clamping of 10 with respect 1o 510 by 520 action; Fig. 16-17; coil 8 in 83 to cal ¥ in 17).

As perlaining to claim 7, Green teaches the device of claim 1 wharein the first through-hole and the second through-hole are aligned along
an axis in the second pasition (position of 520 and 528 aligned relative to 510 and 511 in Fig. 16; col 6 In 83 to col 7 In 3), and whersin the
actuator is movabie from the first position o the second position in a direction generally orthogonal to the axis {movement of 520
orthogonal io axis of §11; Fig. 16-17; col 6 in 63 to ool 7 in 3).

Slaims 2-3 tack an inventive step under PCY Article 33(3) as being obvious over Green in view of US 5,192,274 A to BIERMAN
{hereinatter Bierman).

As pertaining io claim 2, Green teaches the device of claim 1, but is silent wherein further comprising a flexibie pad coupled 1o the
housing.

Howsever, Bierman teaches a device {Fig. 1-2; col 2 In 21-54), comprising:

a housing {12; Fig. 1-2; 2 in 29-42}; and

a flexible pad coupled to the housing {22; Fig. 1-2; cot 2 In 50-83, coil 1in 22-24).

Accordingly, it would have been obvious to a person having ordinary skill in the ant to have employed the pad of Bierman upon the device
of Green, in order 1o safely and removably secure the device to a patient's skin.

As pertaining to claim 3, Green in view of Bierman teaches the device of claim 2 and Bierman further disgloses wherein the flexibis pad is
configured to be placed against skin of 2 patient and o conform o the skin of the patient (Rexitle pad 22 applied upon skin of patient; Fig.
1-2; cot 2 In 50-53, col 1 In 22-24).

-*- See Supplemental Box -*-
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY POTIUS 2458795

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:
-7 Box {V.2 - Explanations where unity of invention is tacking -*~

As the common {echnicst features were known in the art at the time of the invention, these cannot be considered spedial technical features
{hat would otherwise unify the groups.

Therefore, Groups -l tack unity under PCT Rule 13 bacause thay do not share a same or corresponding speciat technical feature.

-*- Box V.2 - Citations and explanations -*-

Claim 4 lacks an inventive siep under PCT Article 33(3) as being cbvious over Green in view of US 2013/0116708 A1 to ZINIT! et al.
{herginafler Ziniti).

As pertaining to claim 4, Green teaches the device of claim § but is silent wherein further comprising a biasing member operably coupled
between the actuator and the housing. wheretn the biasing member is configured to bias the actuator to the first position.

However, Ziniti further discloses a devics (Fig. 18A-B; para [0030}), comprising:

a biasing member opearably coupled between the actuator and the housing (spring 812; Fig. 184-B; para [0093}),

wherein the biasing member is configured o bias the actuator (o the first position {spring 612 capable of being disposed 1o bias actuator;
Fig. 18A-8; para {3083]).

Accordingly, it would have been obvious lo & person having ordinary skill inn the art 1o have employed the biasing member of Ziniti upon the
device of Green, in order to aid in user deployment of ths device.

Claims 1-7 have industrial applicability as defined by PCT Asticle 33(4) because the subject matter can be made or used by industry.

V.Vadal
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Search 2: inv=={madias jacqueling* or enright paige* or tu thomas*) (Resuits 16)
Search 3 1 or 2 (Results 26)

Search 4: pn={US8888791) {Resuits 1}

Search 5: 3 and ft=(suture® near tension™) (Resuits 0)

Search 6: ctf 4 or ctb 4 (Resuits 165}

Search 7. & and ft=(suture* near (fension* or tighten* or adjust™}) {Resuits 106)
Search 8; 7 not {4 or 3) {Results 99)

Search 2t Cpe={A61B2017/0426*) (Results 1269)

Search 10; 9 and ft=((hole* or gap* or aperture*) near (align* or (line up™))) (Results 176)
Search 11; 10 not {7 or 4 or 3} {Results 173)

28 February-

Search 12: pn={US2004026034441} {Rasulis 1)

Search 13: cif 12 or ctb 12 {Results 193)

Search 14 13 and ft=(suture* near (tension* or tighten* or adjust®)) {(Results 105)
Search 15; 14 not (12 or 10 or 7 or 4 or 3) {Resulls 99)

Search 16: pn={ip2018000843) (Resuils 1}

Search 17: ctf 16 or ctb 16 {Results 4)

Search 18: cpc={AG1B17/8869%) (Resulls 409)
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or friction*)) {Resuits 78) ‘
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Search 28: 26 or 27 {Resuits 76570)
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Search 31 30 and R=(button* or actuater* or (spring™ near load*)) (Resuits 1019)

Search 32; 31 and ft={spring*) (Resulls 873}

Search 33; 32 and f=(suture* near (lock™ or stop* or restrain®)) (Results 238)
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Search 35: f=(suture* near (tension™® or tightan®}} {Resuits 6198}

Saarch 36: 35 and f=((hole* or gap™ or aperture* or siot™ or groove*) near (align® or (line up™) or
misalign® or friction™®)) (Results 1081)

Search 37: 36 and fi={suture* near {lock* or stop* or restrain®)) {Results 452}

Search 38: 37 and ft=(spring™} (Results 317}

Search 39: 38 and fi=(spring* near (load* or actuat*}) (Results 154)

Search 4G: IBrot(3B3or2dor22or2ioriBor17or16or 14 or 12 or 10 or 7 or 4 or 3} (Results
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Google Patenis

Date Conducted

25 February-2 March 2022 (25.02.-02.03.2022}

Search Logic:

Suture tensioning through holes

About 12,200 resuits

Suture tensioning through holes ratchet

About 4,700 resuits

Suture tensioning through holes lock

About 12,000 results

Suture retainer lock hole misatign

About 6,350 results

Electronic | Google
Database
Searched

Files Searched | Google Web,

Date Conducted

25 February-2 March 2022 (25.02.-02.03.2022)

Search Logic:

Suture tensioner
About results

Suture tensioner inart medical

About resuits

Flowstasis suture retention

About results

Large bore suture retention
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UNITED STATES s VA ARAEEX 1450
PATENT AND TRADEMARK OFFICE AN Yt Lopto G0

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
17/865,266 09/07/2022 01:39:51 PM ET 111552-8016.US04

Title of Invention
HEMOSTASIS VALVES AND METHODS OF USE

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 6816 FILED BY Christina Flores
PATENT CENTER # 60944768 FILING DATE  07/14/2022
CUSTOMER # 25096 FIRST NAMED Benjamin E. Merritt
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Matthew Williams
ADDRESS

Documents TOTAL DOCUMENTS: 7
DOCUMENTY PAGES  DESCRIPTION SIZE (KB
NFL_EESR 181818257 Ot MNon Patent Lileraiure 851 KB

B 2010.POFE

NEL ISR WO POTUSTE504 9 Non Patent Literature 928 KB
10 Cot 5 2019.PDF

NPL_ISR WO _PCTUS21450 10 Non Patent Literature 1411 KB

L

MPL ISR WO POTUSZ21887 1
83 _Mar_ 16 2022 13pages ¥
DF

Mon Palent Literalire 1645 KB

3
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NPL_ISR_WO_PCTUSZ1ERY
18 _Mar 22 2022 _1ipages.P
DF

NPL_ISR_ WO _PCOTUS21587

35 Mar 22 2022 1tpages.®
DF

Digest

DOCUMENTY

NPL EESH 191919257 Cct 8
S019.PDF

NPL_ISH_WQ_PCTUSTS50418

Qo 25 2018 PDF

NPL_ISR_ WO _PCTUS2145072
_dan 20 2022 10pages POF

NPL_ISR_ WO _PCOTUS2158718
Mar 228 2022 13pages PDF

NPL_ISR_WO_PCTUSZ1EE73S
Mar 22 2022 _1ipages PRF

Page 2 of 3

13 Mon Palent Literatire 5341 KB
11 MNon Fatent Literature 3817 KB
2 Non Patent Literature E17 KRB

MESSAGE DIGEST{SHA-B12)
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SECOCSAZCAGTFASCUSE245H8HFOFTETB212EF748BDE25AS
AJF245A1BBAGEDTADSCTUG2FESAZD

1&8%266?33{33@"76@5{3 1283571 7ERSABCOS44D9008BE28EEF
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Page 3 of 3
0018048367 992006584FBARBRDESE436A
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and MPEP 508), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowiadgement
Heceipt will astablish the filing date of the applicalion

Now Applications Undey 353 US.C,
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e

National Stage of an inlernational Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an infernational apnlication is compliant with the conditions of 353 U.8.QC.
3,?5 and other applicable requirements a Form POT/DOEGGNE indicating acceplancs of the application as a national stage
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New Infsrnational Application Flled with the USPTO as a Recsiving Office
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

MATTHEW S. WILLIAMS
PERKINS COIE LLP

P.O. BOX 1247

SEATTLE, WA 98111-1247

To

RECEIVED
PATENT DOCKETING
0CT 04 2021

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

111552-8026WO00

PERKINS COIE LLP Date of mailing
(day/month/year) S E P 2 8 2021
Applicant’s or agent’s file reference
FOR FURTHER ACTION  See paragraphs 1 and 4 below

International application No.

PCT/US 21/35965

Intemnational filing date

(day/month/year) 04 June 2021 (04.06.2021)

Applicant
INARI MEDICAL, INC.

When?
search report.

How?

2 1

4. Reminders

been or is to be established

pubtication (Rules 90bis.1 and 90b1s.3).

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

The time limut for filing such amendments is normally two months from the date of transmuittal of the international

Directly to the International Bureau preferably through ePCT, or on paper to
The International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva 20, Switzerland

For more detailed instructions, see the PCT Applicant s Guide, International Phase, paragraphs 9.004 —9 011.

The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40 2, the applicant is notified that-

D the protest together with the decision thereon has been transmitted to the International Bureau together with any request
to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been madc yet on the protest; the applicant will be notified as soon as a decision is made.

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to
the International Bureau. These comments will be made available to the public after international publication. The International
Bureau will send a copy of such comments to all designated Offices unless an international preliminary examination report has

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. Ifthe applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application,
or of the priority claim, must reach the International Bureau before the completion of the technical preparations for international

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the time limit of
30 months (or later) will apply even if no demand 1s filed within 19 months For details about the applicable time lunits, Office
by Office, see www wipo.int/pct/en/texts/time_litnits htinl and the PCT Applicant s Guide, National Chapters.

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried out

by a different International Searching Authority that offers this service (Rule 45bis.1) The procedure for requesting supplementary
international search is described in the PCT Applicant’s Guide, International Phase, paragraphs 8.006-8.032

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsunile No. 571-273-8300

Authorized officer

Kar Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/220 (revised January 2020)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER ACTION
111552-8026WO00 see Form PCT/ISA/220 as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US 21/35965 04 June 2021 (04.06.2021) 05 June 2020 (05.06.2020)

Applicant

INARI MEDICAL, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of sheets

D It is also accompanied by a copy of each prior art document cited in this report

1 Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
|Z] the international application in the language in which 1t was filed

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43.6b:1s(a))

c I:I With regard to any nucleotide and/or amino acid sequence disclosed i the international application, see Box No 1.
2. D Certain claims were found unsearchable (see Box No. II).
3. [] unity of invention is lacking (see Box No III).

4. With regard to the title,
the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text 1s approved as submitted by the applicant

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a the figure of the drawings to be published with the abstract is Figure No. 10C
& as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authonity, because this figure better charactenzes the invention.
b. I:I none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2019)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US 21/35965

A. CLASSIFICATION OF SUBJECT MATTER
IPC - A61B 17/00, A61B 17/22, A61B 17/3207, A61M 25/10, A61M 1/00 (2021.01)
CPC - A61M 2025/1045, A61B 17/22, A61B 17/221, A61B 2217/005, A61M 2025/109

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than mimimum documentation to the extent that such documents are included 1n the fields searched

See Search History document

Electronic data base consulted dunng the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X 1-10, 13-17, 19-20
; US 5,011,488 A (Ginsburg) 30 Apni 1991 (30.04.1991), entire document 1_8 ---------- -—
X US 5,800,457 (Gelbfish) 1 Septemebr 1998 (01.09.1998), entire document 8, 11-12
Y WO 2009/082513 A1 (Tex Medical) 2 July 2009 (02.07.2009), entire document 18
A US 2002/0161392 A1 (Dubrut) 31 October 2002 (31.10.2002), entire document 1-20
A WO 2018/148174 A1 (KP Medcure, Inc) 16 August 2018 (16.08.2018), entire document 1-20

D Further documents are listed in the continuation of Box C.

l:l See patent family annex.

* Special categories of cited documents

“A” document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

“L” documnent which may throw doubts on pnonty claim(s) er which
1s cited to establish the publication date of another citation or other
special reason (as specified)

document referning to an oral disclosure, use, exhibition or othermeans
document published prior to the internatieonal filing date but later than
the prionty date claimed

“p
“E

“o»
wpn

“T” later document published after the intenational filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document 1s taken alone

document of particular relevance, the claimed invention cannot
be considered to involve an inventive step when the document 1s
combined with one or more other such documents, such combination
being obvious to a person skilled n the art

“&” document member of the same patent family

Date of the actual completion of the international search

6 August 2021

Date of mailing of the intemational search report

SEP 28 2021

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No 571-273-8300

Authorized officer
Kari Rodnquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

Tor MATTHEW S. WILLIAMS PCT
PERKINS COIE LLP
P.O. BOX 1247
SEATTLE, WA 9811 1-1247R CEIVED WRITTEN OPINION OF THE

E INTERNATIONAL SEARCHING AUTHORITY
PATENT DOCKETING

OCT 04 2021

(PCT Rule 43bis.1)

PERKINS COIELLP  |[masatmpne,  SEP 28 2021
Applicant’s or agent’s file reference FOR FURTHER ACTION
111552-8026W0O00 Sec paragraph 2 below
International application No. International filing date (day/month/year) Prionity date (day/month/year)
PCT/US 21/35965 04 June 2021 (04.06.2021) 05 June 2020 (05.06.2020)

International Patent Classification (IPC) or both national classification and 1PC

IPC - A61B 17/00, A61B 17/22, A61B 17/3207, A61M 25/10, A61M 1/00 (2021.01)
CPC - AB1M 2025/1045, A61B 17/22, A61B 17/221, A61B 2217/005, A61M 2025/109

Applicant
INARI MEDICAL, INC.

1. This opinion contains indications relating to the following items:
Box No 1 Basis of the opinicn

Box No. 11 Prionty

D Box No Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
D Box No. IV Lack of umty of invention
X

Box No V  Rcasoned statement under Rule 43bss.1(a)(i) with regard to novelty, inventive step and industrial applicabulity,
citations and explanations supporting such statemnent

D Box No V1  Certain documents cited
D Box No. VII Certain defects 1n the international application

D Box No. VIII Certain observations on the international application

2. FURTHERACTION

If a demand for international prehminary exammation is made, this opinion will be considered to be a written opinion of the
International Prelimmary Examining Authority (‘“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66 15:5(b) that written
opinions of this Intenational Searching Authority will not be so considered.

If this opinion is, as provided abave, considered to be a written opimon of the IPEA, the applicant 1s invited to submut to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US | Date of completion of this opinion Authonzed officer

Mail Stop PCT, Attn: ISA/US Kari Rodriquez
Commissioner for Patents

P.O Box 1450, Alexandria, Virginia 22313-1450 6 AUQUSt 2021 PCT Help Desk

Facsimile No. 571-273-8300 Telephone No 571-272-4300

Form PCT/ISA/237 (cover sheet) (revised January 2019)
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WRITTEN OPINION OF THE International application No

INTERNATIONAL SEARCHING AUTHORITY PCT/US 21/35965

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application n the language mn which it was filed.

a translation of the international application into which is the language of a translation
fumished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2 D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43 bis. 1(b))

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the intenational application, this opinion has been
established on the basis of a sequence listing®

a. D forming part of the international application as filed:
[] in the form of an Annex C/ST.25 text file.
D on paper or in the form of an 1mage file

b. D furnished together with the international application under PCT Rule 13fer 1(a) for the purposes of international
search only 1n the form of an Annex C/ST 25 text file.

c D furmshed subsequent to the international filing date for the purposes of international search only:
[] in the form of an Annex C/ST25 text file (Rule 13ter.1(a))

D on paper or 1n the form of an image file (Rule 13¢er 1(b) and Adminsstrative Instructions, Section 713).

4 [:] In addition, in the case that more than one version or copy of a sequence listing has been filed or fumnished, the required
statements that the mfonnation in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (revised January 2019)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US 21/35965

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 112,18 YES
Claims 1-10, 13-17, 19-20 NO
Inventive step (IS) Claims None YES
Clauns 1-20 NO
Industrial apphicability (1A) Claimms 1-20 YES
Claims None NO

2 Citations and explanations.
Claims 1-10, 13-17, 19-20 lack novelty under PCT Article 33(2) as being anticipated by US 5,011,488 A to Ginsburg.

As per claim 1, Ginsburg discloses a funnel catheter assembly, comprising:

an outer shaft defining a lumen (12, Fig. 1 - outer shaft with a lumen);

an inner shaft extending through the lumen and having a proximal portion and a distal portion (14 Fig. 1 - inner shaft extending through 12
lumen having a proximal and distal end);

an expandable funnel coupled to the distal portion of the inner shaft (30, Fig. 1 - expandable funnel 30 coupled to distal portion of inner
shaft); and

a control assembly (22, 40, Fig. 1) configured to move the funnel between a first position and a second position, wherein in the first
position, the funnel is constrained within the lumen of the outer shaft (Fig. 2A - funnel is constrained within lumen of the outer shaft),

and in the second position, the funnel is positioned at least partially outside the lumen of the outer shaft such that the funnel can expand
(Fig. 2C - funnel is outside the lumen of the outer shaft such funnel can expand).

As per claim 2, Ginsburg discloses the funnel catheter assembly of claim 1 wherein the control assembly (22, 40, Fig. 1) is coupled to the
outer shaft and configured to move the outer shaft relative to the inner shaft (Fig. 1; Col 5, In 44-46 - see how control assembly is coupled
to outer shaft and is capable of being used to move outer shaft relative to inner shaft).

As per claim 3, Ginsburg discloses the funnel catheter assembly of claim 1 wherein the control assembly includes an actuator movable to
move the funnel between the first and second positions (24, Fig. 1 - proximal housing movement).

As per claim 4, Ginsburg discloses the funnel catheter assembly of claim 3 wherein the actuator is a slider (Col 5, In 44-46 - pressure
applied to actuator 24 provides axial sliding motion of the outer tube and inner tube).

As per ciaim 5, Ginsburg discloses the funnel catheter assembly of claim 1 wherein the funnel (30, Fig. 1) includes a proximal portion and
a distal portion (Fig. 1 - funnel end connected to inner shaft 14 is proximal and distal is opposite end), and wherein the proximal portion of
the funnel is coupled to the distal portion of the inner shaft (Fig. 1 - proximal portion of funnel is coupled to distal portion of inner shaft).

As per claim 6, Ginsburg discloses the funnel catheter of claim 5 wherein the distal portion of the funne! is coupled to the outer shaft (Fig.
1, Fig. 2C - when funne! 30 is retracted, distal portion of funnel is coupled to outer shaft).

As per claim 7, Ginsburg discloses the funnel catheter assembly of claim 1, further comprising a sealable hub (46, Fig. 1 - sealing member
used to seal the proximal end tube) and a side port (48, Fig. 1 - aspiration port), wherein the side port (48, Fig. 1 - aspiration port) is
rotatably coupled (Col 4, In 61-66 - inner and outer tube can rotate thus the side port is rotatably coupled) between the control assembly
(22, 40 Fig. 1) and the sealable hub (46, Fig. 1 - sealing open proximal end of tube).

-*-Continued in Supplemental Box-*-
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As per claim 8, Ginsburg discloses a funnel catheter assembly, comprising:

an outer shaft defining an outer lumen (12, Fig. 1 - outer shaft with a lumen),

an inner shaft extending through the outer lumen and having a proximal portion and a distal portion (14 Fig. 1 - inner shaft extending
through 12 lumen having a proximal and distal end);

an expandable funnel coupled to the distal portion of the inner shaft (30, Fig. 1 - expandable funnel 30 coupled to distal portion of inner
shaft); and

a control assembly (22, 40, Fig. 1) operably coupled to the proximal portion of the outer shaft and configured to move the outer shaft
between a first position and a second position (22, 40, Fig. 1 - both 22 and 40 are used to move the outer shaft between the first and
second position) wherein in the first position, the outer shaft is positioned at least partially over the funnel to radially constrain the funnel
(Fig. 2C - outer shaft is position to radially constrain the funnel), and

in the second position, the outer shatft is retracted proximally relative to the funne! such that the funnel can radially expand (Fig. 2A - outer
shaft is retracted to allow the funnel to expand).

As per claim 9, Ginsburg discloses the funnel catheter assembly of claim 8 wherein the control assembly includes a housing (22, Fig. 1)
and an actuation member (40, Fig. 1), wherein the actuation member is coupled to a proximal portion of the outer shaft (40, Fig. 1 -
actuation member is couple to proximal portion of outer shaft), and wherein the actuation member is slidable along the housing to move
the outer shaft between the first and second positions (Fig. 1 -

As per claim 10, Ginsburg discloses the funnel catheter assembly of claim 8 wherein the funnel is configured to self expand (Col 6, in 13-
30 - spring elements can be used to allow the funnel to self-expand).

As per claim 13, Ginsburg discloses the funnel catheter assembly of claim 8 wherein the inner shaft defines an inner lumen sized to
receive a dilator (70, Fig. 5C - inflatable balloon to come into contact with inside wall of biood vessel).

As per claim 14, Ginsburg discloses a method of operating a funnel catheter assembly during an intravascular procedure on a patient, the
method comprising:

at least partially inserting an inner shaft (14 Fig. 1), an outer shaft (12, Fig. 1), and a funnel (30, Fig. 1) of the funnel catheter assembly into
the vasculature of the patient (Fig. 5A; Col 6, In 39-40 - assembily is introduced into vasculature of patient);

advancing the inner shaft (14 Fig. 1), the outer shaft (12, Fig. 1), and the funnel (30, Fig. 1) together to a deployment position within the
vasculature of the patient (Col 6, In 48-50 - system Is positioned so it lies just outside region of stenosis), wherein the funnel is sheathed
within a lumen of the outer shaft during the advancement (Fig. 5A - funnel is sheathed within a lumen during advancement);

moving the outer shaft relative to the inner shaft to unsheathe the funnel and permit the funnel to expand to an expanded position (Col 6, In
48-60 - outer shaft s moved relative to inner shaft to unsheathe funnel to aliow funnel to expand);

maintaining the funnel in the expanded position during at least a portion of the intravascular procedure (Fig. 5C-5E - funnel is maintained in
expanded position during a portion of the procedure);

moving the outer shaft relative to the inner shaft and/or moving the inner shaft relative to the outer shaft to sheath the funnel within the
lumen of the outer shaft (Co! 7, In 4-12 - outer shaft is moved relative to inner to sheath the funnel); and

withdrawing the funnel catheter assembly from the patient (Col 7, In 12-15 - assembly is removed from patient).

As per claim 15, Ginsburg discloses the method of claim 14 wherein the funnel is self-expandable (30, Fig. 1 - expandable funnel 30
coupled to distal portion of inner shaft), and wherein moving the outer shaft relative to the inner shaft to unsheathe the funnel includes
permitting the funnel to self-expand to the expanded position (Col 6, In 43-60 - outer shaft is moved relative to inner shaft to allow funnel to
self-expand).

As per claim 16, Ginsburg discloses the method of claim 14 wherein moving the outer shaft relative to the inner shaft to unsheathe the
funnel includes moving a slider of a control assembly of the funnel catheter assembly from a first position to a second position, and
wherein the slider is coupled to a

proximal portion of the outer shaft (24, Fig. 1; Col 5, In 44-46 -outer shaft is moved relative to inner shaft to unsheathe the funnel by
moving a slider 24 which is coupled to proximal portion of outer shaft).

As per claim 17, Ginsburg discloses the method of claim 14 wherein moving the outer shaft relative to the inner shaft to unsheathe the
funnel includes rotating a rotatable element of a control assembly of the funnel catheter assembly from a first position to a second position
(Col 4, In 61-68 - inner and outer shaft are free to rotate in respect to each other).

As per claim 19, Ginsburg discloses the method of claim 14 wherein,

inserting the inner shaft (14 Fig. 1), the outer shaft (12, Fig. 1), and the funnel (30, Fig. 1) into the vasculature of the patient further
includes at least partially inserting a dilator positioned within the inner shaft into the vasculature of the patient (Fig. 5A; Col 6, In 39-40 -
assembly is introduced into vasculature of patient); and

advancing the inner shaft (14 Fig. 1), the outer shaft (12, Fig. 1), and the funnel (30, Fig. 1) further inciudes advancing the inner shaft (14
Fig. 1), the outer shaft (12, Fig. 1), and the funnel (30, Fig. 1), and the dilator (70, Fig. 5C - inflatable balloon to come into contact with
inside wall of blood vessel) together to the deployment position (Col 6, In 48-50 - system is positioned so it lies just outside region of
stenosis).

-*-Continued in next Supplemental Box-*-
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As per claim 20, Ginsburg discloses the method of claim 14 wherein moving the outer shaft relative to the inner shaft to unsheathe the
funnel includes moving the outer shaft in a first direction (Col 6, In 48-60 - cuter shaft is moved relative to inner shaft to unsheathe funnel
to allow funnel to expand), and wherein the method further comprises moving the outer shaft relative to the inner shaft to sheath the funnel
by moving the outer shaft in a second direction opposite to the first direction (Col 7, In 4-12 - outer shaft 1s moved relative to inner to
sheath the funnel).

Claims 8, 11-12 lack novelty under PCT Article 33(2) as being anticipated by US 5,800,457 to Gelbfish.

As per claim 8, Gelbfish discloses a funnel catheter assembly, comprising:

an outer shaft defining an outer lumen (26, Fig. 2 - outer shaft with outer lumen);

an inner shaft extending through the outer lumen and having a proximal portion and a distal portion (12, Fig. 3D - inner shaft extending
through outer lJumen 26 and having a proximal and distal portion);

an expandable funnel coupled to the distal portion of the inner shaft (18, Fig. 3D - expandable funnel coupled to distal portion of inner shaft
12); and

a control assembly operably coupled to the proximal portion of the outer shaft (22, Fig. 2; Col 7, In 11-15 - control unit 22 includes and is
coupled to proximal portion of outer shaft 26) and configured to move the outer shaft between a first position and a second position (Col 7,
In 9-15 - outer member 26 is slide over inner shaft 12),

wherein

in the first position, the outer shaft is positioned at least partially over the funnel to radially constrain the funne! (Fig. 3A - outer shaft is
positioned over the funnel to constrain the funnel), and

in the second position, the outer shaft is retracted proximally relative to the funnel such that the funnel can radially expand (Fig. 3B - outer
shaft is retracted such the funnel can radially expand).

As per claim 11, Gelbfish discloses the funnel catheter assembly of claim 8 wherein the funnel is non-self expanding (Co! 7, In 25-30 - rod
30 is connected to shaft 12 to deploy the funnel), wherein the funnel is further coupled to a distal portion of the outer shaft (Fig. 3A - outer
shaft 26 I1s coupled to funnel when unexpanded), and wherein movement of the outer shaft from the first position to the second position is
configured to expand the funnel (Fig. 3B - outer shaft is move to second position to expand the funnel).

As per claim 12, Gelbfish discloses the funnel catheter assembly of claim 11 wherein a distal portion of the funnel is coupled to the distal
portion of the outer shaft via one or more tethers (Fig. 3D; Col 8, In 3-10 - distal portion of funnel is couple to distal portion of outer shaft
through tether 42, 44 which traverses an aperture in the outer shaft).

Claims 18 lack an inventive step under PCT Article 33(3) as being obvious over Ginsburg in view of WO 2009/082513 A1 to Tex Medical
(hereinafter Tex').

As per claim 18, Ginsburg discloses the method of claim 14 but is silent wherein the funnel is non-self-expanding, and wherein the method
further comprises actuating the funnel to expand to the expanded position. Tex discloses the method of the funnel (20, Fig. 3A-B) wherein
the funnel is coupled to a distal portion of the outer shaft (para [0042] - coupled at one end to distal end 11 of cannula 10) wherein the
funnel is non-self expanding (para [0042] - in order to expand funnel 20 cannula 10 may include a balloon 33 position within cannula 10, in
addition to an attachment mechanism such as string 34 connecting the balloon to the funnel, wherein when the balloon 33 is inflated it will
pull on the string 34 thus deploying the funnel into an open position). Accordingly, it would have been obvious to a person of ordinary skill
in the art to utilize Tex's non-self expanding funnel system with Ginsburg's funne! catheter assembly to allow for more control over the
funnel deployment through controlled inflation of the balloon.

Claims 1-20 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used by industry.
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named P ; N isional Application Number (if .
ot Benjamin E. Merritt Koy Appieation Rumber " INot Yet Assigned
Tile of HEMOSTASIS VALVES AND METHODS OF USE

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I. ] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—--OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

) /Paul T. Parker/ 2022-07-14
Signature Date
Name Paul T. Parker Practitioner 38,264
(Print/Typed) Registration Number

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature requirements and certifications.
Submit multiple forms if more than one signature is required.*

forms are submitted.

1
*Total of
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/M4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 111552-8016.US04
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | HEMOSTASIS VALVES AND METHODS OF USE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
[+| Benjamin E. I\Ilerritt [+

Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | fpan Clemente State/Province | [CA | Country of Residencd | US

Mailing Address of Inventor:

Address 1 t/o Inan Medical, Inc.

Address 2 6001 Qak Canycn, Suite #100

City | Irvine State/Province | |CA
Postal Code 92618 Countryi | us

Remove
Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
E ohn C. Il'hress E

Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

City | [apistrano Beach State/Province | [CA Country of Residencé | s

Mailing Address of Inventor:

Address 1 C/o Inan Medical, Inc.

Address 2 6001 Oak Canyon, Suite #100

City | Irvine State/Province | ICA

Postal Code 92618 Countryi | |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
+ Ipaul | ubock |

Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service
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PTO/AIA/M4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 111552-8016.US04

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

City ‘ Ivlonarch Beach State/Province | [CA Country of Residencd S

Mailing Address of Inventor:

Address 1 t/o Inan Medical, Inc.

Address 2 6001 Oak Canycn, Suite #100

City | lrvine State/Province | |CA
Postal Code 092618 Countryi | |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number D5096

Email Address patentprocurement@perkinscoie.com | AddEmail | |Remove Email

Application Information:

Title of the Invention HEMOSTASIS VALVES AND METHODS OF USE

Attorney Docket Number| [111552-8016.US04 Small Entity Status Claimed [ |

Application Type Nonprovisional -
Subject Matter tility v
Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication {if any) | 2

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
1

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country |
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.
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PTO/AIA/M4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 111552-8016.US04

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number P5096

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(¢c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

177705189 P022-03-25

Prior Application Status | PPending -

Filing or 371(c) Date

[Continuation of

4

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
17705189 [Continuation of ~| 17/226318 2021-04-09
Prior Application Status | Patented Remove
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
17/226318 Continuation of ~[ 167117519 2018-08-30 11000682 2021-05-11
Prior Application Status | [Expired v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16/117519 [Claims benefit of provisional | 62/554931 2017-09-06
Additional Domestic Benefit/National Stage Data may be generated within this form ~dd

by selecting the Add button.

Foreign Priority Information:
EFS Web 2.2.12 '4657'




PTO/AIA/M4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 111552-8016.US04
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property coffice, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12 '4658'



PTO/AIA/M4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 111552-8016.US04
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’'s Republic of
China (SIPQO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 111552-8016.US04

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46._ If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

'nari Medical, Inc.

Mailing Address Information For Applicant:

Address 1 5001 Oak Canyon, Suite #100

Address 2

City rvine State/Province CA
Country | s Postal Code 02618
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 111552-8016.US04

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by i

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or maore joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/B1) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Paul T. Parker/ Date (YYYY-MM-DD)| [2022-07-14
First Name | Paul T. Last Name | Parker Registration Number | [38,264
Additional Signature may be generated within this form by selecting the Add button.
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Attorney Docket Number | 111552-8016.US04

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention HEMOSTASIS VALVES AND METHODS OF USE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35U.5.C. 2(b}(2); {2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.5.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act {5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request invelving an individual, to whom
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Attorney Docket No. 111552-8016.US04

HEMOSTASIS VALVES AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a U.S. Patent Application No. 17/705,189, filed on March 25, 2022,
entitled "HEMOSTASIS VALVES AND METHODS OF USE," which is a continuation of U.S.
Patent Application No. 17/226,318, filed on April 9, 2021, entitled "HEMOSTASIS VALVES
AND METHODS OF USE," which is a continuation of U.S. Patent Application No. 16/117,519,
filed on August 30, 2018, now issued as U.S. Patent No. 11,000,682, and entitled "HEMOSTASIS
VALVES AND METHODS OF USE," which claims the benefit of U.S. Provisional Patent
Application No. 62/554,931, filed on September 6, 2017, and entitled "HEMOSTASIS VALVES
AND METHODS OF USE," each of which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] During a surgical procedure, a portion of a patient’s body (e.g., vasculature) is
accessed to allow for performance of a desired intervention or treatment. During such surgical
procedures, it is desired to minimize patient blood loss, prevent delivery of air into the vasculature,
and to maintain the sterility of the accessed portions or sites of the patient’s body so as to prevent
issues such as infection. Further, the desire for improved patient outcomes has led to the

development of hemostasis valves that facilitate minimally invasive surgery.

[0003] In minimally invasive surgery, small incisions are created through a blood vessel
which one or several catheters are inserted. Each of these one or several catheters can define a
lumen extending longitudinally through that catheter. These catheters are moved to a position
proximate to tissue, nerves, or other body structures targeted by the surgery, and then tools for

performing the procedure are inserted through the lumens of some or all of these catheters.

[0004] To minimize blood loss, prevent delivery of air into the vasculature, and to facilitate
maintenance of sterility within the patient’s body (e.g., blood vessel), these catheters are equipped
with hemostasis valves. These valves seal or selectably seal the lumens of the catheters. In many

instances, these valves can seal the lumen of the catheter when a tool extends through the catheter,
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and specifically through the valve. Additionally the valves can seal the lumen when a tool is

removed or does not extend through the catheter.

[0005] While such traditional hemostasis valves are greatly beneficial for intravascular
access, they have some drawbacks. For example, some valves may not seal adequately for all
interventional applications or tools, and/or the operation of some valves may be complicated for
operator use. The drawbacks of such valve designs may in turn increase the complexity of any
surgery performed therewith and/or reduce patient safety (e.g., bleeding, infection, and/or other
detrimental complications). Accordingly, new and improved hemostasis valves and methods of use

are desired.

SUMMARY

[0006] The following relates to valves, medical systems incorporating valves, and methods of
using the same. The valve can include a tubular member that can be constricted, collapsed, and/or
sealed by one or several tensioning mechanisms. The tensioning mechanism can include at least
one filament that extends around at least a portion of the tubular member. The filament can interact
with the tubular member to constrict, collapse, and/or seal the tubular member via manipulation of
the tensioning mechanism(s). A tool can be inserted through the valve to gain access to a patient’s
body and specifically to gain access to a blood vessel. Through the use of the tensioning
mechanism and filament to constrict, collapse, and/or seal the tubular member, the valve can seal
around a wide range of tool sizes and shapes, as well as multiple tools of differing sizes
simultaneously. Additionally, such a valve creates a robust seal that maintains its seal when a

vacuum is applied such as occurs during aspiration.

[0007] Aspects of the present disclosure relate to a hemostatic valve for sealing a medical
device. The hemostatic valve includes an elongate member having a first end, a second end, and a
central lumen extending therebetween. In some embodiments, the elongate member is pliable. The
hemostatic valve can include a reinforcement structure extending along at least a portion of the
elongate member, such that the reinforcement structure is coupled to the elongate member. The
hemostatic valve includes an active tensioning mechanism coupled to the elongate member. In
some embodiments, the tensioning mechanism is moveable between a first configuration in which

the central lumen is constricted and sealed and a second configuration in which the central lumen is

-
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open. Optionally, the valve may be manually adjusted by the user to intermediate positions between
fully open and fully closed. Additionally, an instrument (e.g. catheter) may provide an intermediate

position where the valve creates hemostasis without user adjustment.

[0008] In some embodiments, the elongate member can be a compliant polymer tube. In
some embodiments, the tensioning mechanism can include at least one filament extending at least
partially around the elongate member. In some embodiments, the reinforcement structure is
positioned between the at least one filament and the elongate member. In some embodiments, the
reinforcement structure can be a braided mesh. In some embodiments, the reinforcement structure
is coupled to the elongate member at a position proximate to the first end of the elongate member
and at a position proximate to the second end of the elongate member. In some embodiments, the
reinforcement structure is not coupled to the elongate member at a position between the first end of
the elongate member and the second end of the elongate member. In some embodiments, the
central portion of the compliant polymer tube that is constrained or collapsed by the tensioning

mechanism, and at least one filament, is not coupled to the reinforcement structure.

[0009] In some embodiments, the tensioning mechanism can include an actuator coupled to
the at least one filament. In some embodiments there are two tensioning mechanisms coupled to the
at least one filament that operate in opposite directions. In some embodiments the two tensioning
mechanisms are attached to the same filament. In some embodiments the two tensioning
mechanisms are attached to opposing filaments. In some embodiments, the actuator can be
moveable to control movement of the at least one filament from a first position in which the central
lumen is constricted and sealed to a second position in which the central lumen is open. In some
embodiments, the at least one filament is in the first position when the tensioning mechanism is in
the first configuration. In some embodiments, the actuator is biased towards the first position. In
some embodiments, the actuator is biased toward the second position. In some embodiments, the

actuator can be a manual actuator.

[0010] In some embodiments, the at least one filament forms a loop around the elongate

member. In some embodiments, the at least one filament forms a bight around a portion of the

elongate member. In some embodiments, the at least one filament can include a first filament and a

second filament. In some embodiments, each of the first filament and the second filament are

coupled to the same actuator. In some embodiments, each of the first filament and the second
3-
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filament are coupled to different actuators. In some embodiments, the first filament and the second
filament are moveable from the first position to the second position. In some embodiments, each of
the first filament and the second filament form a loop around the elongate member. In some
embodiments, the first filament forms a first bight around a first portion of the elongate member,
and the second filament forms a second bight around a second portion of the elongate member. In

some embodiments, the first bight extends through the second bight.

[0011] In some embodiments, the hemostatic valve can include a shell defining a first
aperture and a second aperture. In some embodiments, the elongate member extends from the first
aperture to the second aperture and fluidly couples the first aperture and the second aperture. In
some embodiments, the tensioning mechanism is self-adjustable to seal around tools of different
sizes extending through the hemostatic valve. In some embodiments, the central lumen can
comprise a single lumen, and in some embodiments, the central lumen can comprise a plurality of

lumens.

[0012] One aspect of the present disclosure relates to a delivery system for intravascular
access of a blood vessel within a patient’s body. The delivery system includes a catheter having a
first end, a second end, and a catheter lumen extending therebetween and a hemostatic valve
coupled to the first end of the catheter. The hemostatic valve includes a tubular member having a
first end, a second end, and a central lumen extending therebetween. In some embodiments, the
central lumen of the tubular member is fluidly coupled with the catheter lumen. The hemostatic
valve includes an active tensioning mechanism coupled to the tubular member, the tensioning
mechanism can be moveable between a first configuration in which the tensioning mechanism
constricts on the central lumen and the central lumen is sealed and a second configuration in which

the central lumen is open.

[0013] In some embodiments, the hemostatic valve further includes a reinforcement structure
extending along at least a portion of the tubular member. In some embodiments, the reinforcement
structure is located between the tensioning mechanism and the tubular member. In some
embodiments, the reinforcement structure can be a braided mesh. In some embodiments, the
reinforcement structure is coupled to the tubular member at a position proximate to the first end of
the tubular member and at a position proximate to the second end of the tubular member. In some

embodiments, the reinforcement structure is adhered to the tubular member at the first end of the

4-
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tubular member and at the second end of the tubular member. In some embodiments, the
reinforcement structure is uncoupled to the tubular member between the first end of the tubular

member and the second end of the tubular member.

[0014] In some embodiments, the tensioning mechanism can include at least one filament
extending at least partially around the tubular member. In some embodiments, the tensioning
mechanism can include an actuator coupled to the at least one filament. In some embodiments,
moving the tensioning mechanism from the first configuration to the second configuration can
include moving the actuator and the thereto coupled at least one filament from a first position to a
second position. In some embodiments, the filament constricts and seals the central lumen of the

tubular member when the filament is in the first position.

[0015] In some embodiments, the actuator can be a manual actuator. In some embodiments,
the actuator can include a pair of opposing and depressable buttons, which buttons can be biased
towards an undepressed position. In some embodiments, the central lumen is sealed when the
buttons are in the undepressed position. In some embodiments, the filament can be a monofilament.
In some embodiments, the filament can be at least one of: a polymer filament;, or a metallic

filament. In some embodiments, the catheter can include a thrombus extraction device.

[0016] One aspect of the present disclosure relates to a method of sealing a delivery device
accessing a blood vessel of a patient. The method includes inserting the delivery device including a
catheter and a hemostatic valve into the blood vessel of the patient. In some embodiments, the
catheter can have a first end, a second end, and a catheter lumen extending therethrough. In some
embodiments, the hemostatic valve can be coupled to the first end and can have a tubular member
defining a central lumen fluidly coupled with the catheter lumen and a tensioning mechanism
coupled with the tubular member. In some embodiments, the tensioning mechanism collapses and
seals the central lumen in a first configuration and thereby seals access to the blood vessel. The
method can include moving the tensioning mechanism of the hemostatic valve to a second
configuration. In some embodiments, the central lumen is open and access to the blood vessel is
unsealed when the tensioning mechanism is in the second configuration. The method can include
advancing a shaft of a tool through the delivery device until a first end of the tool reaches a desired
position within the blood vessel of the patient and a portion of the shaft is positioned within the

central lumen of the tubular member. The method can include returning the tensioning mechanism
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of the hemostatic valve to the first configuration such that the tubular member collapses on the shaft

of the tool and seals around the shaft of the tool.

[0017] In some embodiments, the method includes retracting the shaft of the tool from the
delivery device. In some embodiments, the tensioning mechanism is maintained in the first
configuration during and after the retracting of the shaft of the tool from the delivery device. In
some embodiments, the tensioning mechanism is moved to the second configuration during the
retracting of the shaft of the tool from the delivery device, and the tensioning mechanism is returned

to the first configuration after the shaft of the tool is retracted from the delivery device.

[0018] In some embodiments, the tensioning mechanism can include at least one filament
extending at least partially around the tubular member. In some embodiments, the at least one
filament collapses the tubular member when the tensioning mechanism is in the first configuration.
In some embodiments, the at least one filament circumferentially constricts the tubular member to
collapse the tubular member when the tensioning mechanism is in the first configuration. In some
embodiments, the hemostatic valve can include a reinforcement structure located between the at

least one filament and the tubular member.

[0019] In some embodiments, the at least one filament forms a loop around the elongate
member, and moving the tensioning mechanism from the second configuration to the first
configuration reduces a size of the loop to thereby constrict the tubular member within the loop. In
some embodiments, the filament forms at least one bight around a portion of the elongate member.
In some embodiments, the filament can include a first filament and a second filament. In some
embodiments, the at least one bight can include a first bight oriented in a first direction and formed
by the first filament and a second bight oriented in a second direction and formed by the second
filament. In some embodiments, the first and second bights overlap to encircle a portion of the

tubular member within a constricting area.

[0020] In some embodiments, moving the tensioning mechanism from the second

configuration to the first configuration can include moving the first bight in the first direction and

the second bight in the direction to reduce the size of the constricting area and collapse and seal the

central lumen of the tubular member. In some embodiments, the tensioning mechanism can include

an actuator. In some embodiments, moving the tensioning mechanism to the second configuration

can include manipulating the actuator. In some embodiments, the method includes applying a
-6-
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vacuum to the delivery device and/or delivery system to aspirate material through the catheter. In
some embodiments, the central lumen remains sealed during the aspiration. In some embodiments,

the tool can include a thrombus extraction device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a perspective view of one embodiment of a delivery device.

[0022] Figure 2 is a side-section view of one embodiment of a hemostasis valve in a first
configuration.

[0023] Figure 3 is a side-section view of one embodiment of the valve in a second
configuration.

[0024] Figure 4 is a side-section view of one embodiment of the valve in the first

configuration and with a tool extending through the valve.

[0025] Figure 5 is a side-section view of one embodiment of a single-button hemostasis valve

in a first configuration.
[0026] Figure 6 is a perspective view of a filament of a valve forming a loop.

[0027] Figure 7 is a perspective view of two filaments of a valve, each of the filaments

forming a loop.

[0028] Figure 8 is a perspective view of two overlapping and interlocked bights in an open

configuration.

[0029] Figure 9 is a perspective view of two overlapping and interlocked bights in a closed

configuration.

[0030] Figure 10 is a flowchart illustrating one embodiment of a method for sealing a valve

and/or catheter.

[0031] Figure 11 is a side view of one embodiment of a thrombectomy system including the

delivery device.

[0032] Figure 12 is a side-section view of another embodiment of a hemostasis valve having

two-piece caps.
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DETAILED DESCRIPTION

[0033] The present disclosure relates to a valve that can be used a hemostasis valve. This
valve, also referred to herein as a garrote valve can seal with or without a tool extending through the
valve. The garrote valve provides convenient, single-handed operation for a wide range of medical
devices including catheters, wires, embolectomy systems, or the like. This single-handed operation
of the garrote valve allows the user to easily and quickly swap different tools being used through the
valve without compromising hemostasis and therefore simplifying the procedure. Combined with
single-handed operation, the garrote valve provides robust sealing either with or without a tool
extending through the valve. This robust sealing minimizes leakage in applications with a pressure
differential on different sides of the valve. This pressure differential can arise, for example, during
the application of vacuum aspiration in a procedure. Even under such conditions, as well as under
other conditions, the garrote valve maintains seal integrity and prevents leakage in one or both

directions.

[0034] The garrote valve includes a tubular member. The tubular member is a flexible
member that defines a central lumen, which can, in some embodiments, define a single lumen, and
in some embodiments, defines a plurality of lumens. In some embodiments, each of the plurality of
lumens can comprise the same size and shape, and in some embodiments, some or all of the
plurality of lumens can comprise different sizes and shapes. In some embodiments, for example,
the plurality of lumens can comprise a lumen sized and/or shaped to receive a guide wire and a
lumen sized and/or shaped to receive a tool. The tubular member extends at least partially through
a constricting mechanism. The constricting mechanism can be moved from a first configuration to
a second configuration, and the constricting mechanism can collapse and/or seal the central lumen
of the tubular member when the constricting mechanism is in the first configuration. The
constricting mechanism creates the above-discussed robust seal of the tubular member and thus of

the valve.

[0035] With reference now to Figure 1, a perspective view of one embodiment of a delivery

system 100, also referred to herein as a delivery device 100, is shown. The delivery system 100 can

include a catheter 102 and a garrote valve 104, also referred to herein as valve 104. The catheter

102 can comprise a shaft 106, also referred to herein as an elongate sheath 106, having a proximal

end 108, also referred to herein as a first end 108, that can connect to the valve 104 and a distal end
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110, also referred to herein as a second end 110. The shaft 106 can define a catheter lumen 112
extending from the proximal end 108 of the shaft 106 to the distal end 110 of the shaft 106. The
catheter 102 and specifically the shaft 106 can comprise a variety of shapes and sizes and can be
made from a variety of materials. In some embodiments, the catheter 102 can be flexible and/or can
be made from a biocompatible material. The elongate sheath 106 can have an outer diameter of at
least 4 French, at least 6 French, at least 8 French, at least 10 French, at least 12 French, at least 14
French, at least 18 French, at least 20 French, at least 22 French, between 4 French and 30 French,
between 8 French and 24 French, between 12 French and 20 French, and/or any other or

intermediate size.

[0036] The valve 104 can include an outer shell 114. The outer shell 114 can comprise a
variety of shapes and sizes and can be made from a variety of materials. In some embodiments, the
outer shell 114 can be made from one or several polymers or composites. The outer shell 114 can
include features that allow interaction with and/or control of the valve 104 to move the valve 104

between the first configuration and the second configuration.

[0037] The outer shell 114 can include a proximal cap 116 located at a proximal end 118 of
the outer shell 114 and a distal cap 120 located at a distal end 122 of the shell 114. The proximal
cap 116 can include and/or house a proximal aperture 124, also referred to herein as a proximal
channel 124, a first channel 124, or a first aperture 124, that extends through the proximal cap 116,
and the distal cap 120 can include and/or house a distal aperture 126, also referred to herein as a
distal channel 126, a second channel 126, or second aperture 126, that extends through the distal cap
120. As seen in Figure 1, the distal cap 120 connects to the shaft 106 of the catheter 102 at the
distal end 122 of the valve 104.

[0038] The proximal cap 116 and the distal cap 120 are connected via a housing 128. The
housing 128 can be a one-piece housing 128 or a multi-piece housing 128. In the embodiment
depicted in Figure 1, the housing comprises a two-piece housing 128. The housing 128 can be
configured to receive and couple with each of the proximal cap 116 and the distal cap 120, and as
seen in Figure 1, the housing 128 is coupled with each of the proximal cap 116 and the distal cap
120 to secure the relative position of the proximal cap 116 and the distal cap 120 with respect to

each other.
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[0039] The housing 128 can define an interior channel 130 through which an elongate
member 132, also referred to herein as a tubular member 132, a septum 132, or a tubular septum
132, can extend and connect the proximal cap 116 and the distal cap 120. The elongate member
132 can comprise a variety of shapes and sizes and can be made from a variety of materials. In
some embodiments, the elongate member 132 can comprise a compliant tubular structure that can
be, for example, a thin-walled compliant tubular structure. The thin-walled structure of the elongate
member 132 can facilitate the collapse, and specifically the uniform collapse of the elongate
member 132 and the sealing of the elongate member 132. In some embodiments, the elongate
member 132 is an elastic, resilient material that may comprise a polymer including either a natural
or synthetic polymer. In some embodiments, the elongate member can comprise an elastic, resilient
material that may comprise silicone, urethane, ethylene-vinyl acetate, natural or synthetic rubber or
other elastomers known in the art. In some embodiments, the elongate member 132 can comprise a

silicone tube.

[0040] The elongate member 132 can comprise a proximal end 134, also referred to herein as
a first end 134, that can couple to the proximal cap 116, and a distal end 136, also referred to herein
as a second end 136, that can couple to the distal cap 120. The elongate member 132 can define a
central lumen 138 that can extend from the first end 134 to the second end 136 of the elongate
member 132. The elongate member 132 can be coupled to the proximal cap 116 such that the
central lumen 138 is fluidly coupled with the proximal aperture 124 of the proximal cap 116, and
the elongate member 132 can be coupled to the distal cap 120 such that the central lumen 138, as
seen in Figure 2 and in Figure 3, is fluidly coupled with the distal aperture 126 of the distal cap
120.

[0041] The central lumen 138 of the elongate member 132 can be defined by a wall of the
elongate member 132 that can have a thickness that is uniform along the length of the elongate
member 132 between the first end 134 and the second end 136, or that is non-uniform along the
length of the elongate member 132 between the first end 134 and the second end 136. In some
embodiments, the wall can have a thickness that is approximately between 0.005 inches and 0.05
inches, and/or approximately between 0.010 inches and 0.030 inches. As used anywhere herein,
“approximately” refers to a range of +/- 10% of the value and/or range of values for which

“approximately” is used.
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[0042] In some embodiments, the elongate member 132 can be cylindrically shaped, and
specifically can be circular-cylindrically shaped. In some embodiments, the elongate member 132
can be dog-bone shaped to facilitate, for example, connection to each of the proximal cap 116 and
the distal cap 120. In some embodiments, the elongate member 132 can include one or several
outward-extending protuberances that engage with all or portions of a constricting mechanism 141,
also referred to herein as a tensioning mechanism 141, of the valve 104 to secure a position of all or
portions of the constricting mechanism 141 with respect to the elongate member 132. In some
embodiments, the constricting mechanism 141 can be self-adjusting to seal around tools of different

sizes extending through the valve 104.

[0043] The constricting mechanism 141 can, in some embodiments, collapse and seal the
elongate member 132 via compression and/or constriction, and specifically via constriction with at
least one filament 150. The constricting mechanism 141 can comprise: an actuator 142 which can
be a manual actuator such as one or several buttons 144; and the at least one filament 150 that can
extend at least partially around the elongate member 132. In some embodiments, the use of the
constricting mechanism 141 can facilitate sealing of the valve around tools or instruments of a wide
range of sizes and/or diameters, and particularly around tools or instruments that fit through the

elongate member 132.

[0044] The housing 128 can further include one or several retention features 140. The one or
several retention features 140 of the housing can engage with and retain all or portions of the
constricting mechanism 141 of the valve 104. In some embodiments, the one or several retention
features 140 of the housing 128 can retain the actuator 142 and/or can couple the actuator 142 to the
housing 128. The actuator 142 can comprise any desired type of actuator including, for example, a
manual actuator and/or an automated actuator such as, for example, an electromechanical actuator
including a solenoid-based actuator. In some embodiments, the actuator can comprise one or
several buttons 144, and specifically, as depicted in Figure 1, the actuator 142 can comprise a first
button 144-A and a second button 144-B. Alternatively, and as depicted in Figure 5, the actuator
142 can comprise a single button 144. In such an embodiment, the filament 150 can be coupled to
the single button 144 and to a portion of the housing 128 such as, for example, to grip portion 500
of the housing 128 such that the movement of the single button 144 causes the sealing and/or

opening of the elongate member 132 and of the valve 104.
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[0045] The actuator 142 can be biased towards a configuration such as, for example, biased
towards the first configuration or biased towards the second configuration. As depicted in Figure 2,
which shows the constricting mechanism 141 in the first configuration, the actuator 142 can be
biased towards the first configuration wherein the elongate member 132 is collapsed and/or sealed
by a bias feature 146. In this first configuration, the buttons 144 can be in a first position, also
referred to herein as an undepressed position. This bias feature 146 can, as shown in Figure 2,
include a first spring 148-A configured to bias the first button 144-A towards the first position
corresponding to the first configuration of the constricting mechanism 141, and a second spring
148-B configured to bias the second button 144-B towards a first position corresponding to the first
configuration of the constricting mechanism 141. One or both of the first spring 148-A and the
second spring 148-B can comprise a tension spring, compression spring, a torsion spring, a coil

spring, or any other desired type of spring.

[0046] In some embodiments, one or both of the first spring 148-A and the second spring
148-B can generate sufficient force so as to allow actuation of the actuator 142 with a single hand
and so as to collapse and seal the elongate member 132 when the constricting mechanism 141 is in
the first configuration. In some embodiments, one or both of the first spring 148-A and the second
spring 148-B can generate a force of: at least 0.1 pounds, at least 0.2 pounds, at least 0.3 pounds, at
least 0.4 pounds, at least 0.5 pounds, at least 0.6 pounds, at least 0.7 pounds, at least 0.8 pounds, at
least 0.9 pounds, at least 1 pound, at least 1.5 pounds, at least 2 pounds, at least 3 pounds, at least 5
pounds, and/or at least 10 pounds and in some embodiments one or both of the first spring 148-A
and the second spring 148-B can generate a force approximately between: 0.1 and 10 pounds, 0.1

and 5 pounds, 0.1 and 1.5 pounds, 0.2 and 1 pounds, and/or 0.4 and 0.8 pounds.

[0047] The constricting mechanism 141 can include at least one filament 150 that extends at
least partially around the elongate member 132. In some embodiments, the at least one filament
150 can circumferentially constrict the elongate member 132 to collapse and seal the elongate
member 132 when the constricting mechanism 141 is in the first configuration. The filament can be
made from a variety of materials including, for example, a polymer, a synthetic, and/or a metal. In
some embodiments, the filament 150 can be nylon, stainless steel, nitinol, silicone, or the like. In
some embodiments, the filament can comprise a single strand such as, for example, a monofilament,

and in some embodiments, the filament can comprise a plurality of strands that can be, for example,
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twisted, woven, grouped, and/or fused to form the filament. In some embodiments, the filament

150 can comprise one or several threads, lines, cords, rope, ribbon, flat wire, sheet, or tape.

[0048] The filament 150 can be coupled to the actuator 142 such that the filament 150
selectively constricts, collapses, and/or seals the elongate member 132, and specifically the central
lumen 138 of the elongate member 132 based on the movement and/or position of the actuator 142.
In some embodiments, the filament 150 can be connected to one or both of the buttons 144-A, 144-
B such that the filament 150 collapses, constricts, and/or seals the elongate member 132 and
specifically the central lumen 138 of the elongate member 132 when the buttons 144-A, 144-B are
in the first position, and the filament 150 can be connected to one or both of the buttons 144-A, 144-
B such that the elongate member 132 and specifically the central lumen 138 of the elongate member
132 is open and uncollapsed when the buttons 144-A, 144-B are in the second position. In some
embodiments in which the actuator 142 comprises a single button 144, as depicted in Figure 5, the
filament 150 can be connected to the button 144 and to the housing 128 such that the filament 150 is

tightened when the button 144 moves to the first position.

[0049] In some embodiments, the at least one filament 150 can extend along an axis 152 that
can be perpendicular to a central axis 154 of the elongate member 132 and/or of the apertures 124,
126. In some embodiments, the axis 152 of the at least one filament 150 can intersect and be
perpendicular to the central axis 154 of the elongate member 132 and/or of the apertures 124, 126.
In some embodiments, the actuator 142, and specifically the buttons 144-A, 144-B can move along

this axis 152 when moved from the first position to the second position.

[0050] In Figure 3, an embodiment of the valve 104 with the constricting mechanism 141 in
the second configuration is shown. As specifically shown, both of the first and second buttons 144-
A, 144-B are in the second position, depressed into the retention features 140 of the housing 128. In
this second position, the filament 150 is loosened, thereby allowing the expansion of the elongate

member 132 and the unsealing of the central lumen 138 of the elongate member 132.

[0051] As further seen in Figure 3, the proximal cap 116 has a proximal end 300 and a distal

end 302. The proximal cap 116 can include a funnel portion 301 of the proximal aperture 124,

which funnel portion 301 can facilitate insertion of a tool into the proximal aperture 124. The distal

end 302 of the proximal cap 116 can partially extend into the interior channel 130 of the housing

128. The proximal cap 116 can include a mating feature 304 that can mate with the proximal end
-13-

157533563.1

-4683-



Attorney Docket No. 111552-8016.US04

134 of the elongate member 132. In some embodiments, the proximal end 134 of the elongate
member 132 can fit over the mating feature 304 of the proximal cap 116. The proximal end 134 of
the elongate member 132 can be compressed between the mating feature 304 of the elongate
member 132 and a portion of the interior channel 130 of the housing 128 into which the mating
feature 304 is inserted to thereby secure the proximal end 134 of the elongate member 132 on the
mating feature 304. In some embodiments, the proximal end 134 of the elongate member 132 can
be further secured on the mating feature 304 by a proximal O-ring 306 that can be compressed
between the housing 128 and the mating feature 304 of the proximal cap 116 to sealingly couple the

elongate member 132 to the proximal cap 116.

[0052] The distal cap 120 has a proximal end 308 and a distal end 310. The distal cap can
include a mating feature 312 located on the proximal end 308 of the distal cap 120, which mating
feature 312 can mate with the distal end 136 of the elongate member 132. In some embodiments,
the distal end 136 of the elongate member 132 can fit over the mating feature 312 of the distal cap
123. The distal end 136 of the elongate member 132 can be compressed between the mating feature
312 of the elongate member 132 and a portion of the interior channel 130 of the housing 128 into
which the mating feature 312 is inserted to thereby secure the distal end 136 of the elongate member
132 on the mating feature 312. In some embodiments, the distal end 136 of the elongate member
132 can be further secured on the mating feature 312 by a distal O-ring 314 that can be compressed
between the housing 128 and the mating feature 312 of the proximal cap 116 to sealingly couple the
elongate member 132 to the distal cap 120.

[0053] The distal cap 120 can, in some embodiments, further include a side port barb 314 that
can extend laterally away from the distal cap 120 and specifically away from the distal aperture 126
of the distal cap 120. The side port barb 314 can define a side port channel 316 that can extend
through the side port barb 314 and fluidly connect to the distal aperture 126. In some embodiments,
the side port barb 314 can include a securement feature 318 such as a barb that can secure coupling

of a hose or tube to the side port barb 314.

[0054] In some embodiments, the side barb 314 can be used to apply a vacuum to the portions

of the delivery device 100, and particularly to portions of the delivery device 100 that are distal of

the axis 152 along which the elongate member 132 seals. This vacuum can be applied to aspirate a

material through the delivery device 100, and specifically through the catheter 102 of the delivery
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device. This aspirated material can be a biological material including, for example, bodily fluids,
multi-phase bodily materials that can include, for example, a fluidic portion and at least one solid

portion, or the like.

[0055] In some embodiments, due to the narrowing shape of the elongate member 132 when
the constricting mechanism 141 is in the first configuration, a vacuum applied to the portions of the
delivery device 100 distal to the axis 152 draws the elongate member 132 towards the first
configuration and can, in some embodiments, increase the strength, robustness, and/or strength of
the seal of the valve 104. This attribute of the valve 104 can provide benefits over other valve
designs in which a vacuum can compromise the seal of the valve, and thus the ability to draw a

vacuum and aspirate can be limited.

[0056] In some embodiments, the valve 104 can further include a reinforcement structure 320
that can extend along all or portions of the elongate member 132. The reinforcement structure 320
can facilitate the uniform collapse of the elongate member 132, can prevent the at least one filament
150 from cutting through and/or tearing the elongate member 132, and can assist in guiding one or
several tools through the elongate member 132. The reinforcement structure 320 can be tubular,
can extend along and around the elongate member 132, and can be positioned so as to be between

the elongate member 132 and the at least one filament 150.

[0057] The reinforcement structure 320 can include a proximal end 322 and a distal end 324.
In some embodiments, the reinforcement structure 320 extends along and around the elongate
member 132, and is positioned such that the proximal end 322 of the reinforcement structure 320 is
proximate to the first end 134 of the elongate member 132 and the distal end 324 of the

reinforcement structure 320 is proximate to the second end 136 of the elongate member 132.

[0058] The reinforcement structure 320 can be coupled to the elongate member 132. In some
embodiments, the reinforcement structure 320 is coupled to the elongate member 132 along the
length of the reinforcement structure 320, and in some embodiments, the reinforcement structure
320 is coupled to the elongate member 132 and distinct positions along the length of the elongate
member 132 and/or the reinforcement structure 320. In one embodiment, for example, the
reinforcement structure 320 can be coupled to the elongate member 132 at one or both of the
proximal end 322 of the reinforcement structure 320 and the distal end 324 of the reinforcement
structure 320 and/or at one or both of the first end 134 and the second end 136 of the elongate
-15-
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member 132. In some embodiments, the reinforcement structure 320 can be coupled to the elongate
member 132 via one or several other components of the valve 104. In some embodiments, the
reinforcement structure 320 can be coupled to the elongate member 132 via the compression of the
reinforcement structure 320 and the elongate member 132 between the housing 128 and one or both

of the proximal 116 and the distal 120.

[0059] In some embodiments, the reinforcement structure 320 can be adhered to the elongate
member 132 via, for example, an adhesive such as silicone adhesive. In some embodiments, the
adhesive can be circumferentially applied to the reinforcement structure 320 and/or the elongate
member 132 in an adhesive ring that can, for example, a have a length approximately between:
0.010 inches and 0.5 inches; 0.02 and 0.4 inches; 0.050 inches and 0.0250 inches, or any other or

intermediate range.

[0060] In one embodiment, each of the proximal end 322 and the distal end 324 of the
reinforcement structure 320 can be adhered via an adhesive to the elongate member 132. In such an
embodiment, the reinforcement structure 320 may be uncoupled to the elongate member 132 at
positions other than the coupling at one or both of the proximal end 322 and the distal end 324 of
the reinforcement structure 320, and thus the reinforcement structure 320 is uncoupled to the
elongate member 132 at a position between the first end 134 and the second end 136 of the elongate
member 134 and/or between the proximal end 322 and the distal end 324 of the reinforcement

structure 320.

[0061] The lack of coupling of the reinforcement structure 320 to the elongate member 132
can facilitate and improve the collapse of the elongate member 132 around a tool 400, also referred
to herein as instrument 400 or device 400, inserted through the valve 104 as shown in Figure 4.
The tool 400 can be any device inserted through the valve 104 including, for example, one or
several additional catheters, lines, wires, grippers, punches, cutters, or the like. As seen in Figure 4,
the tool 400 is inserted through the valve 104 and specifically through the elongate member 132 of
the valve. As shown, the constricting mechanism 141 is in the first configuration and the elongate
member 132 and the central lumen 138 of the elongate member 132 is collapsed around the tool
400, and specifically around a shaft 402 of the tool 400 to thereby seal the valve 104 around the tool
400 and specifically around the shaft 402 of the tool 400. The constricting mechanism 141 can seal
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around tools 400 that fit through the elongate member 132, regardless of the size of the tool 400.

Thus, the valve can be used with a wide variety of tools.

[0062] The reinforcement structure 320 can comprise a variety of designs, shapes, sizes, and
materials. In some embodiments, the reinforcement structure 320 can be sized and shaped so as to
receive elongate member 132 and to be positioned between the elongate member 132 and the at
least one filament 150. In some embodiments, the reinforcement structure 320 can be made from a
material sufficiently strong to prevent the cutting of the at least one filament 150 through the

elongate member 132.

[0063] In some embodiments, the reinforcement structure can comprise a coil or a mesh
sheath. The mesh sheath can, in some embodiments, comprise a braided mesh. The braided mesh
can be made from any desired number of wires in any desired configuration. In some embodiments,
the braided mesh can comprise a 4 wire braided mesh, an 8 wire braided mesh, a 12 wire braided
mesh, a 16 wire braided mesh, a 20 wire braided mesh, a 24 wire braided mesh, a 32 wire braided
mesh, a 48 wire braided mesh, a 64 wire braided mesh, a 72 wire braided mesh, an 80 wire braided
mesh, a 96 wire braided mesh, or any other or intermediate braided mesh. In some embodiments,
the braided mesh can comprise: a 1x1 configuration. In some embodiments, the wire in the braided
mesh can be any desired material including, for example, a metal wire such as a nitinol wire or a
stainless steel wire, a polymer wire, or a natural wire. In one embodiment, the braided mesh can
comprise a 48 wire mesh in a 1x1 configuration made with a nitinol wire having a diameter of 0.003

inches.

[0064] With reference now to Figures 6 through 9, different embodiments and/or
configurations of the filament 150 are shown. The filament 150 can comprise a single filament 150
having a first end 600 and a second end 602 as shown in Figure 6. The filament 150, and
specifically which first and second ends 600, 602 can be coupled to the actuator 142 to move the
filament 150 between the first and second configurations or positions and/or from the first
configuration or position to the second configuration or position. In some embodiments, both of the
first end 600 and the second end 602 can be coupled to a single button 144, in some embodiments,
each of the first end 600 and the second end 602 can be coupled to different buttons 144, and in

some embodiments, one of the first end 600 and the second end 602 can be coupled to a button 144
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and the other of the first end 600 and the second end 602 can be coupled to the housing 128 or other
portion of the valve 104.

[0065] In some embodiments, the filament 150 can comprise multiple filaments, and
specifically, as shown in Figures 7 through 9, the filament 150 can comprise a first filament 150-A
and a second filament 150-B. In embodiments in which the filament 150 comprises multiple
filaments, each of the multiple filaments can have a first end 700 and a second end 702. The first
and second filaments 150-A, 150-B can be coupled to the actuator 142. In such embodiments, the
first and second ends 700, 702 can be coupled to the actuator 142 to move the filaments 150-A,
150-B between the first and second configurations and/or from the first configuration to the second
configuration. In some embodiments, both of the first end 700 and the second end 702 of one or
more of the multiple filaments 150 can be coupled to a single button 144, in some embodiments,
each of the first end 700 and the second end 702 of one or more of the multiple filaments 150 can be
coupled to different buttons 144, and in some embodiments, one of the first end 700 and the second
end 702 of one or more of the multiple filaments 150 can be coupled to one button 144 and the
other of the first end 700 and the second end 702 of those one or more filaments 150 can be coupled

to the housing 128 or other portion of the valve 104.

[0066] The filament 150 can be arranged in a variety of configurations. In some
embodiments, the filament 150 can be configured to form a single loop 604 that can extend around
the elongate member 132 and/or through which the elongate member 132 can be received as shown
in Figure 6, and in some embodiments, the filament 150 can be configured to form multiple loops,
and specifically a first loop 704 and a second loop 706 as shown in Figure 7. The first and second
loops 704, 706 can each receive the elongate member 132. In some embodiments, a diameter or
size of the loop 604, or of the loops 704, 706 can decrease when the constricting mechanism 141 is

moved from the second configuration to the first configuration.

[0067] In some embodiments, the filament 150 can be configured to form a bight 800, which
bight 800 can be a single bight or multiple bights. As used herein, a “bight” refers to a U-shaped
section between the two ends of the filament 150. As depicted in Figures 8 and 9, the bight 800 can
comprise multiple bights, and specifically a first bight 800-A and a second bight 800-B. In some
embodiments, the first bight 800-A can extend through the second bight 800-B such that the first

and second bights 800-A, 800-B interlock, whereas in other embodiments, the first and second
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bights 800-A, 800-B can be non-interlocking. Similarly, in embodiments containing the filament

150 having multiple loops, one or several of the multiple loops can be interlocking.

[0068] In some embodiments, the bight 800, and specifically one or both of the first bight
800-A and the second bight 800-B can be formed around a portion of the elongate member 132
and/or can extend around a portion of the elongate member 132. Each bight 800 can define a
partially enclosed receiving area 808 wherein the elongate member 132 can be received. Thus, the
first bight 800-A can define a first receiving area 808-A and the second bight 800-B can define a

second receiving area 808-B.

[0069] As seen in Figures 8 and 9, multiple bights, and specifically the first and the second
bights 800-A, 800-B can be positioned and oriented such that the first bight 800-A has a first
orientation or first direction as indicated by arrow 810, and the second bight has a second
orientation or second direction as indicated by the arrow 812. In some embodiments, the first
orientation is different from the second orientation such that the first and second receiving areas
808-A, 808-B overlap and define an encircled area 814, also referred to herein as a constricting area
814. The elongate member 132 can be received within the encircled area 814. In embodiments in
which bights 800-A, 800-B overlap to define the encircled area 814, the movement of the
constricting mechanism 141 to the first configuration can result in and/or include the first bight 800-
A moving in the direction indicated by the arrow 810 and/or the second bight 800-B moving in the
direction indicated by the arrow 812, which movement of the bights 800-A, 800-B decreases the
size of the encircled area 814 and constricts, collapses, and/or seals the elongate member 132

extending through the encircled area 814.

[0070] The filament(s) 150 forming the bights 800 can each apply an arcuate line or narrow
longitudinal zone of pressure to the elongate member 132. If the filament(s) are circular in cross-
section, the zone of pressure can be very small, and can, in some embodiments, be less than the
diameter or thickness of the filament. In some embodiments, the filaments have a diameter or width
less than about 2.5mm, less than about 2mm, less than about 1.5mm, less than about 1.25mm, less
than about 1mm, less than about 0.75mm, less than about 0.5mm, and/or less than about 0.25mm.
In some embodiments, the filaments can have a diameter or width of between about 0.01mm and
2.5mm, between about 0.05mm and 2mm, between about 0.1lmm and 1mm, and/or between about

0.125mm and 0.70mm. In some embodiments, the arcuate line or zone of pressure may form two
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opposing arcs and in other embodiments, the arcuate line of pressure may be a singular substantially
circular line or zone that encircles the elongate member at least once. The longitudinal length of the
of the line or zone of pressure may be very short compared to other valves known in the art. In
some embodiments, the longitudinal length of the zone of pressure applied to the elongate member
132 by the filament(s) 150 may be less than about 2.0mm and in some embodiments less than about
0.5mm. In some embodiments, the filament(s) 150 can have any desired cross-sectional shape
including, for example, a circular cross-section, a rectangular cross-section, an oval cross-section, a
square cross-section, a polygonal cross-section, a triangular cross-section, or any other desired

shape of cross-section.

[0071] With reference now to Figure 10, a flowchart illustrating one embodiment of a
process 1000 for sealing a valve 104 and/or catheter 102 accessing a body of a patient is shown.
The process 1000 can be performed using the valve 104 and/or the delivery system 100. The
process 1000 begins at block 1002, wherein the delivery device 100, and specifically the catheter
102 of the delivery device 100 is inserted into the body of the patient. In some embodiments, this
can include inserting the catheter 102 into a portion of the circulator system of the patient such as,
for example, a blood vessel including an artery or a venous vessel. In some embodiments, the
delivery device 100 can be inserted into the body of the patient directly through an aperture or
incision in the patient, and in some embodiments, the delivery device 100 can be inserted into the
body of the patient via another catheter or device. In some embodiments, the constricting
mechanism 141 can be in the first configuration while the delivery device 100 and/or the catheter

102 is inserted into the patient’s body.

[0072] After the delivery device 100 is inserted into the body of the patient, the process 1000
proceeds to block 1004, wherein the constricting mechanism 141 is moved from the first
configuration to the second configuration. As described above, the central lumen 138 of the
elongate member 132 is unsealed when the constricting mechanism 141 is in the second
configuration. In some embodiments, the moving of the constricting mechanism 141 from the first
configuration to the second configuration can include the manipulation of the actuator 142 and/or
the control of the actuator 142, and specifically the depressing of the one or several buttons 144 to
move the filament 150 from the first position to the second position to allow the expansion and

opening of the central lumen 138 of the elongate member 132.
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[0073] After the constricting mechanism 141 is moved from the first configuration to the
second configuration, the process 1000 proceeds to block 1006, wherein the tool 400, and
specifically the shaft 402 of the tool 400 is advanced through the delivery device 100 and
specifically through the valve 104 until a first end of the tool reaches a desired position within the
body of the patient. In some embodiments, a portion of the shaft 402 can be positioned within the
central lumen 138 of the elongate member 132 after the advancing of the tool 400 through the
delivery device 100. In some embodiments, after the tool 400 is advanced through the delivery

device 100, the desired procedure can be performed with the tool.

[0074] After the tool 400 is advanced through the delivery device 100, or while the tool 400 is
being advanced through the delivery device 100, the process 1000 proceeds to block 1008, wherein
the constricting mechanism 141 is returned to the first configuration. In some embodiments, the
returning of the constricting mechanism 141 to the first configuration can include the release of the
one or several buttons 144 and/or the control of the actuator 142 to reconfigure the constricting
mechanism 141 to the first configuration. In some embodiments, the return of the constricting
mechanism 141 to the first configuration can result in the collapse and/or sealing of the elongate
member 132 and specifically the central lumen 138 of the elongate member 132 around the tool 400
and specifically around the shaft 402 of the tool 400. The return of the constricting mechanism 141
to the first configuration, or the movement of the constricting mechanism 141 to the first
configuration can include the decreasing of the size and/or diameter of one or several loops formed
by the filament 150 and/or the movement of one or several bights 800 such as, for example, the
movement of the first bight 800-A in the first direction indicated by arrow 810 and the movement of
the second bight 800-B in the second direction indicated by arrow 812 to reduce the size of the
constricting area 814. In some embodiments, after the constricting mechanism is returned to the

first configuration, the desired procedure can be performed with the tool.

[0075] After the constricting mechanism is returned to the first configuration, the process
1000 proceeds to block 1010, wherein the tool 400, and specifically the shaft 402 of the tool 400 is
retracted from the delivery device 100, and more specifically from the valve 104. In some
embodiments, the valve 104 can remain sealed during the retracing of the tool 400 and/or the shaft
402 of the tool. In some embodiments, the valve 104 remains sealed during the retracting of the

tool 400 and/or the retracting of the shaft 402 of the tool 400 as the constricting mechanism 141 can
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remain in the first configuration during the retracing of the tool 400 and/or the shaft 402 of the tool
400.

[0076] In some embodiments, the constricting mechanism 141 can be moved to the second
configuration to allow the retraction of the tool 400 and/or the shaft 402 of the tool 400 from the
valve 104, and the constricting mechanism 141 can be returned to the first configuration when the
tool 400 and/or the shaft 402 of the tool 400 is removed from the valve 104. In some embodiments,
the retraction of the tool 400 and/or shaft 402 of the tool 400 from the valve 104 can be performed
with the constricting mechanism 141 left in the first configuration. In some embodiments, the
constricting mechanism 141 can be moved to the second configuration, and then returned to the first
configuration via the manipulation and/or control of the actuator 142, which manipulation and/or
control of the actuator 142 can include the depressing of the one or several buttons 144 to move the
constricting mechanism 141 to the second configuration, and the release of the one or several
buttons 144 to return the constricting mechanism 141 to the first configuration. In some
embodiments, if the procedure is complete, the delivery device 100 can then be removed from the

body of the patient, and any incision created for the procedure can be closed.

[0077] With reference now to Figure 11, a side view of one embodiment of a thrombectomy
system 1100 including the delivery device 100 and a thrombus extraction device 1102 is shown. In
some embodiments, the thrombectomy system 1100 can be used to access a blood vessel 1104 to
treat and/or extract a thrombus 1106 from the blood vessel 1104. The thrombus extraction device
1102 can include a self-expanding coring element 206 and expandable cylindrical portion 208. In
some embodiments, and as shown in Figure 11, the thrombus extraction device 1102 can be the tool
400 that can extend through the valve 104, and in some embodiments, the valve 104 can be a part of
the thrombus extraction device 1102. Further details of thrombectomy systems, thrombus
extraction devices, and methods of using the same are disclosed in: U.S. Application No.
15/268,296, filed September 16, 2016, and entitled “INTRAVASCULAR TREATMENT OF
VASCULAR OCCLUSION AND ASSOCIATED DEVICES, SYSTEMS, AND METHODS”;
U.S. Application No. 15/498,320, filed April 26, 2017, and entitled “DEVICES AND METHODS
FOR TREATING VASCULAR OCCLUSION”; and U.S. Application No. 15/466,740, filed on
March 22, 2017, and entitted “DEVICE AND METHOD FOR TREATING VASCULAR
OCCLUSION?”, the entirety of each of which is hereby incorporated by reference herein.
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[0078] With reference now to Figure 12, a side-section view of another embodiment of the
hemostasis valve 104 having two piece caps 116, 120 is shown. The valve 104 can include a
housing 128 defining an interior channel 130 through which the tubular member 132 can extend.
The valve 104 can include the proximal cap 116 and the distal cap 120. In some embodiments, the
proximal cap 116 can comprise a two piece cap and can include a proximal exterior member 1200
and a proximal channel member 1202. In some embodiments, the distal cap 120 can comprise a
two-piece cap and can include a distal exterior member 1204 and a distal channel member 1206. In
some embodiments, this coupling between the proximal exterior member 1200 and the proximal
channel member 1202 and/or the coupling between the distal exterior member 1204 and the distal
channel member 1206 can be a sealed coupling so as to prevent the leakage of material including
fluid or gas between the respective ones of the proximal exterior member 1200 and the proximal
channel member 1202 and/or the distal exterior member 1204 and the distal channel member 1206.
In some embodiments, this sealing coupling can be achieved and/or maintained via a seal such as an
O-ring 1208 that can be positioned between the proximal exterior member 1200 and the proximal
channel member 1202 and/or between the distal exterior member 1204 and the distal channel

member 1206.

[0079] In some embodiments, the proximal exterior member 1200 can be coupled, and in
some embodiments, rotatingly coupled to the proximal channel member 1202 in a manner to allow
the rotation of the proximal exterior member 1200 without rotating the proximal channel member
1202. Similarly, in some embodiments, the distal exterior member 1204 can be rotatingly coupled
to the distal channel member 1206 in a manner to allow the rotation of the distal exterior member
1204 without the rotating of the distal channel member 1206. In some such embodiments, the
channel members 1202, 1206 can be non-rotatable with respect to the housing 128 and/or the
tubular member 132, and one or both of the exterior members 1200, 1204 can be rotatable with
respect to the housing 128 and/or the tubular member 132. In such an embodiment, the maintaining
of the rotational position of the channel members 1202, 1206 with respect to the housing 128 and/or
the tubular member 132 can prevent the twisting of the tubular member 132 which can result in the
sealing of the tubular member 132 regardless of the configuration of the constructing mechanism

141.
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[0080] The exterior members 1200, 1204 can comprise a variety of shapes and sizes and can
include a variety of features. In some embodiments, one or both of the exterior members 1200,
1204 can be coupled to, for example, a shaft similar to the shaft 106 shown in figure 1. In some
embodiments, for example, the distal exterior member 1204 can be coupled to a shaft 106,
including, for example, can be non-detachably coupled to the shaft 106. In some embodiments, one
or both of the exterior members can include one or several features configured to facilitate coupling
with the valve 104. These one or several features can include, for example, one or several male or
female: connectors; couplers; attachment mechanisms; or the like. In some embodiments, these one
or several features can facilitate use of the valve with other existing components, instruments, tools,
or the like. In some embodiments, for example, one or both of the exterior members 1200, 1204
can comprise either a male or female luer fitting, and specifically as shown in Figure 12, the distal

exterior member 1204 can comprise a male luer fitting 1210.

[0081] Several aspects of the present technology are set forth in the following examples.

1. A hemostatic valve for sealing a medical device, the hemostatic valve comprising:

an elongate member having a first end, a second end, and a central lumen extending
therebetween, wherein the elongate member is pliable;

a reinforcement structure extending along at least a portion of the elongate member, wherein
the reinforcement structure is coupled to the elongate member; and

an active tensioning mechanism coupled to the elongate member, wherein the tensioning
mechanism is moveable between a first configuration wherein the central lumen is

constricted and sealed and a second configuration wherein the central lumen is open.

2. The hemostatic valve of example 1, wherein the elongate member comprises a

compliant polymer tube.

3. The hemostatic valve of example 1 or 2, wherein the tensioning mechanism

comprises at least one filament extending at least partially around the elongate member.
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4. The hemostatic valve of example 3, wherein the reinforcement structure is positioned

between the at least one filament and the elongate member.

5. The hemostatic valve of example 4, wherein the reinforcement structure comprises a
braided mesh.
6. The hemostatic valve of example 4 or 5, wherein the reinforcement structure is

coupled to the elongate member at a position proximate to the first end of the elongate member and

at a position proximate to the second end of the elongate member.

7. The hemostatic valve of example 6, wherein the reinforcement structure is not
coupled to the elongate member at a position between the first end of the elongate member and the

second end of the elongate member.

8. The hemostatic valve of any one of examples 3—-7, wherein the tensioning
mechanism comprises an actuator coupled to the at least one filament, wherein the actuator is
moveable to control movement of the at least one filament from a first position wherein the central
lumen is constricted and sealed to a second position wherein the central lumen is open, wherein the

at least one filament is in the first position when the tensioning mechanism is in the first

configuration.

9. The hemostatic valve of example 8, wherein the actuator is biased towards the first
position.

10. The hemostatic valve of example 8 or 9, wherein the actuator is biased toward the

second position.

11. The hemostatic valve of any one of examples 8—10, wherein the actuator comprises a

manual actuator.
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12.  The hemostatic valve of any one of examples 8—11, wherein the at least one filament

forms a loop around the elongate member.

13.  The hemostatic valve of any one of examples 8—12, wherein the at least one filament

forms a bight around a portion of the elongate member.

14.  The hemostatic valve of any one of examples 8—13, wherein the at least one filament
comprises a first filament and a second filament, wherein each of the first filament and the second
filament are coupled to the actuator, and wherein the first filament and the second filament are

moveable from the first position to the second position.

15.  The hemostatic valve of example 14, wherein each of the first filament and the

second filament form a loop around the elongate member.

16. The hemostatic valve of example 14 or 15, wherein the first filament forms a first
bight around a first portion of the elongate member, and wherein the second filament forms a

second bight around a second portion of the elongate member.

17. The hemostatic valve of example 16, wherein the first bight extends through the
second bight.

18.  The hemostatic valve of any one of examples 1-17, further comprising a shell
defining a first aperture and a second aperture, wherein the elongate member extends from the first

aperture to the second aperture and fluidly couples the first aperture and the second aperture.

19.  The hemostatic valve of any one of examples 1-18, wherein the tensioning
mechanism is self-adjustable to seal around tools of different sizes extending through the hemostatic

valve.
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20.  The hemostatic valve of any one of examples 1-19, wherein the central lumen

comprises a single lumen.

21.  The hemostatic valve of any one of examples 1-20, wherein the central lumen

comprises a plurality of lumens.

22. A delivery system for intravascular access of a blood vessel within a patient’s body,
the delivery system comprising:
a catheter having a first end, a second end, and a catheter lumen extending therebetween;
a hemostatic valve coupled to the first end of the catheter, the hemostatic valve comprising:
a tubular member having a first end, a second end, and a central lumen extending
therebetween, wherein the central lumen of the tubular member is fluidly
coupled with the catheter lumen; and
an active tensioning mechanism coupled to the tubular member, the tensioning
mechanism moveable between a first configuration wherein the tensioning
mechanism constricts on the central lumen and the central lumen is sealed

and a second configuration wherein the central lumen is open.

23.  The delivery system of example 22, wherein the hemostatic valve further comprises

a reinforcement structure extending along at least a portion of the tubular member.

24.  The delivery system of example 22 or 23, wherein the reinforcement structure is

located between the tensioning mechanism and the tubular member.

25.  The delivery system of example 24, wherein the reinforcement structure comprises a
braided mesh.
26.  The delivery system of example 24 or 25, wherein the reinforcement structure is

coupled to the tubular member at a position proximate to the first end of the tubular member and at

a position proximate to the second end of the tubular member.
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27.  The delivery system of example 26, wherein the reinforcement structure is adhered
to the tubular member at the first end of the tubular member and at the second end of the tubular

member.

28.  The delivery system of example 27, wherein the reinforcement structure is
uncoupled to the tubular member between the first end of the tubular member and the second end of

the tubular member.

29. The delivery system of any one of examples 22-28, wherein the tensioning

mechanism comprises at least one filament extending at least partially around the tubular member.

30.  The delivery system of example 29, wherein the tensioning mechanism comprises an
actuator coupled to the at least one filament, wherein moving the tensioning mechanism from the
first configuration to the second configuration comprises moving the actuator and the thereto
coupled at least one filament from a first position to a second position, wherein the filament

constricts and seals the central lumen of the tubular member when the filament is in the first

position.

31.  The delivery system of example 30, wherein the actuator comprises a manual
actuator.

32. The delivery system of example 31, wherein the actuator comprises a pair of

opposing and depressable buttons, wherein the buttons are biased towards an undepressed position.

33.  The delivery system of example 31 or 32, wherein the central lumen is sealed when

the buttons are in the undepressed position.

34.  The delivery system of any one of examples 30-33, wherein the filament comprises

a monofilament.
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35.  The delivery system of any one of examples 30-34, wherein the filament comprises

at least one of: a polymer filament; or a metallic filament.

36.  The delivery system of any one of examples 2235, wherein the catheter comprises a

thrombus extraction device.

37. A method of sealing a delivery device accessing a blood vessel of a patient, the
method comprising:

inserting the delivery device comprising a catheter and a hemostatic valve into the blood
vessel of the patient, the catheter having a first end, a second end, and a catheter
lumen extending therethrough, and the hemostatic valve coupled to the first end and
having a tubular member defining a central lumen fluidly coupled with the catheter
lumen and a tensioning mechanism coupled with the tubular member, wherein the
tensioning mechanism collapses and seals the central lumen in a first configuration
and thereby seals access to the blood vessel;

moving the tensioning mechanism of the hemostatic valve to a second configuration,
wherein the central lumen is open and access to the blood vessel is unsealed when
the tensioning mechanism is in the second configuration;

advancing a shaft of a tool through the delivery device until a first end of the tool reaches a
desired position within the blood vessel of the patient and a portion of the shaft is
positioned within the central lumen of the tubular member; and

returning the tensioning mechanism of the hemostatic valve to the first configuration such
that the tubular member collapses on the shaft of the tool and seals around the shaft

of the tool.

38. The method of example 37, further comprising retracting the shaft of the tool from
the delivery device.

39. The method of example 38, wherein the tensioning mechanism is maintained in the

first configuration during and after the retracting of the shaft of the tool from the delivery device.
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40.  The method of example 38 or 39, wherein the tensioning mechanism is moved to the
second configuration during the retracting of the shaft of the tool from the delivery device, and
wherein the tensioning mechanism is returned to the first configuration after the shaft of the tool is

retracted from the delivery device.

41. The method of any one of examples 37-40, wherein the tensioning mechanism
comprises at least one filament extending at least partially around the tubular member, wherein the
at least one filament collapses the tubular member when the tensioning mechanism is in the first

configuration.

42.  The method of example 41, wherein the at least one filament circumferentially
constricts the tubular member to collapse the tubular member when the tensioning mechanism is in

the first configuration.

43.  The method of example 41 or 42, wherein the hemostatic valve comprises a

reinforcement structure located between the at least one filament and the tubular member.

44, The method of any one of examples 41-43, wherein the at least one filament forms a
loop around the elongate member, and wherein moving the tensioning mechanism from the second
configuration to the first configuration reduces a size of the loop to thereby constrict the tubular

member within the loop.

45.  The method of any one of examples 4144, wherein the filament forms at least one

bight around a portion of the elongate member.

46.  The method of example 45, wherein the filament comprises a first filament and a
second filament, and wherein the at least one bight comprises a first bight oriented in a first
direction and formed by the first filament and a second bight oriented in a second direction and
formed by the second filament, wherein the first and second bights overlap to encircle a portion of

the tubular member within an constricting area.
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47. The method of example 46, wherein moving the tensioning mechanism from the
second configuration to the first configuration comprises moving the first bight in the first direction
and the second bight in the direction to reduce the size of the constricting area and collapse and seal

the central lumen of the tubular member.

48. The method of any one of examples 37-47, wherein the tensioning mechanism
comprises an actuator, and wherein moving the tensioning mechanism to the second configuration

comprises manipulating the actuator.

49, The method of any one of examples 37-48, further comprising applying a vacuum to
the delivery device to aspirate material through the catheter, wherein the central lumen remains

sealed during the aspiration.

50.  The method of any one of examples 37—-49, wherein the tool comprises a thrombus

extraction device.

51. A hemostatic valve for sealing a medical device, the hemostatic valve comprising:

an elongate member having a first end, a second end, and a central lumen comprising a
plurality of lumens extending therebetween, wherein the elongate member is pliable;
and

an active tensioning mechanism coupled to the elongate member, wherein the tensioning
mechanism is moveable between a first configuration wherein the central lumen is

constricted and sealed and a second configuration wherein the central lumen is open.

[0082] Other variations are within the spirit of the present invention. Thus, while the
invention is susceptible to various modifications and alternative constructions, certain illustrated
embodiments thereof are shown in the drawings and have been described above in detail. It should
be understood, however, that there is no intention to limit the invention to the specific form or forms
disclosed, but on the contrary, the intention is to cover all modifications, alternative constructions,
and equivalents falling within the spirit and scope of the invention, as defined in the appended

claims.
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[0083] In the previous description, various embodiments of the present invention are
described. For purposes of explanation, specific configurations and details are set forth in order to
provide a thorough understanding of the embodiments. However, it will also be apparent to one
skilled in the art that the present invention may be practiced without the specific details.
Furthermore, well-known features may be omitted or simplified in order not to obscure the

embodiment being described.

[0084] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. The terms “comprising,” “having,” “including,” and “containing” are to be construed as
open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise noted. The term
“connected” is to be construed as partly or wholly contained within, attached to, or joined together,
even if there is something intervening. Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to
better illuminate embodiments of the invention and does not pose a limitation on the scope of the

invention unless otherwise claimed. No language in the specification should be construed as

indicating any non-claimed element as essential to the practice of the invention.

[0085] Preferred embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Variations of those preferred embodiments
may become apparent to those of ordinary skill in the art upon reading the foregoing description.
The inventors expect skilled artisans to employ such variations as appropriate, and the inventors
intend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited
in the claims appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the invention unless

otherwise indicated herein or otherwise clearly contradicted by context.
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[0086] All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference to the same extent as if each reference were individually and

specifically indicated to be incorporated by reference and were set forth in its entirety herein.
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CLAIMS

1. An aspiration catheter, comprising:
an elongate, flexible tubular body, having a proximal end, a distal end and a central lumen;
a hemostasis valve on the proximal end of the catheter, the hemostasis valve comprising -
(a) a collapsible tubular sidewall defining a valve lumen in communication with the
central lumen; and
(b) a constricting mechanism having at least a first actuator, a first filament formed
into a loop around the collapsible tubular sidewall, the filament having at
least a first end portion extending away from the loop and connected to the
first actuator, and a first spring configured to move the first actuator in a
direction that pulls the first end portion such that the diameter of the valve

lumen decreases in response to reducing a diameter of the loop.

2. The aspiration catheter of claim 1 wherein:

the collapsible tubular sidewall comprises a tubular member defining the valve lumen
configured to slidably receive the elongate, flexible tubular body;

the constricting mechanism further comprises a second actuator and a second spring coupled
to the second actuator; and

the filament further comprises a second end portion extending away from the loop in a
different direction than the first end portion and connected to the second actuator,
and wherein the first actuator and the second actuator are moveable between (a) a
first position wherein the filament circumferentially constricts the valve lumen to
create a seal about the elongate, flexible tubular body and (b) a second position

wherein the filament is moved to open the valve lumen at least partially.

3. The aspiration catheter of claim 2 wherein the tubular member is pliable.

4. The aspiration catheter of claim 2 wherein the first actuator comprises a first button

and the second actuator comprises a second button, wherein the first button and the second button
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are undepressed in the first position, and wherein the first button and the second button are

depressed in the second position.

5. The aspiration catheter of claim 2 wherein, when the first actuator and the second
actuator are in the first position, the valve lumen of the tubular member is configured to remain
constricted and sealed when a pressure differential exists between (a) a first volume outside the
valve lumen and adjacent to a first end of the tubular member and (b) a second volume outside the

central lumen and adjacent to a second end of the tubular member.

6. The aspiration catheter of claim 2 wherein, when the first actuator and the second
actuator are in the first position, the valve lumen of the tubular member is configured to remain
constricted and sealed when vacuum pressure is applied to a volume outside the valve lumen and

adjacent to either a first end or a second end of the tubular member.

7. The aspiration catheter of claim 2 wherein the valve lumen of the tubular member
extends a long a first longitudinal axis, wherein the first actuator and the second actuator are
movable between the first and second positions along a second longitudinal axis, and wherein the

first longitudinal axis is orthogonal to the second longitudinal axis.

8. The aspiration catheter of claim 2 wherein the first spring comprises a first
compression spring coupled to the first member and the second spring comprises a second

compression spring coupled to the second member.

9. The aspiration catheter of claim 2 wherein, in the first position, the first actuator and
the second actuator pull the filament to circumferentially constrict the collapsible tubular member

such that the valve lumen is constricted and sealed.

-35-

157533563.1

-4705-



Attorney Docket No. 111552-8016.US04

ABSTRACT OF THE DISCLOSURE

Devices, systems, and methods for sealing medical devices, particularly during
intravascular access, are disclosed herein. Some aspects relate to a hemostatic valve for sealing a
wide range of medical devices, such as catheters, wires, embolectomy systems. The valve can
include an elongate member having a first end, a second end, and a central lumen extending
therebetween. A reinforcement structure extends along at least a portion of the elongate member
and is coupled to the elongate member. A shell defining a first aperture and a second aperture may
be included, which first and second apertures can be fluidly coupled by the elongate member. A
tensioning mechanism is coupled to the shell and to the elongate member, the tensioning
mechanism can be moveable between a first configuration wherein the tensioning mechanism is
collapsed and the central lumen is sealed and a second configuration wherein the central lumen is

open.
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