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bore relative to the output shaft of the motor. 
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ROTARY CATHETER DRIVE UNIT 
CONTAINING SEAL-SETS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001 Priority is claimed based on: 
0002 U.S. patent application Ser. No. 13/695.232 by Shi 
ber, entitled “ROTARY CATHETER FOR REMOVING 
OBSTRUCTIONS FROM BODILY VESSELS, filed on 
Jan. 8, 2013, which claims priority from Pat. Appl. PCT/ 
US2011/031197 filed on Apr. 5, 2011 by Shiber, and entitled 
ROTARY CATHETER FOR REMOVING OBSTRUC 
TIONS FROM BODILY VESSELS, which further claims 
priority from U.S. Provisional Pat. Appl. Ser. No. 61/343,796, 
filed on May 4, 2010 by Shiber and entitled “THROMBEC 
TOMY ANDATHERECTOMY CATHETER and U.S. Pro 
visional Pat. Appl. 61/461.263 filed on Jan. 14, 2011 by 
Shiber and entitled “CATHETER FORTHROMBECTOMY 
ANDATHERECTOMY; and 
0003 U.S. patent application Ser. No. 14/238,983, filed on 
Feb. 14, 2014, by Shiber, entitled “ADAPTIVE ROTARY 
CATHETER FOR OPENING OBSTRUCTED BLOOD 
VESSELS, which claims priority from Pat. Appl. PCT/ 
US2012/050759 filed on Aug. 14, 2012 by Shiber, and 
entitled ADAPTIVE ROTARY CATHETER FORREMOV 
ING OBSTRUCTIONS FROMBODILY VESSELS, which 
further claims priority from U.S. Provisional Pat. Appl. Ser. 
No. 61/575,289, filed on Aug. 17, 2011 by Shiberandentitled 
ROTARY CATHETER FOR BREAKING DOWN AND 
ASPIRATING OBSTRUCTIONS FROM BODILY VES 
SELS and U.S. Provisional Pat. Appl. 61/686,864 filed on 
Apr. 13, 2012 by Shiber and entitled “ROTARY CATHETER 
FOR OPENING OBSTRUCTED BODILY VESSELS; as 
well as 
0004 U.S. Provisional Pat. Appl. 61/998,138 filed on Jun. 
18, 2014 by Shiberandentitled “PHARMACEUTICAL-ME 
CHANICAL SYSTEM FOR OPENING OBSTRUCTED 
BLOOD VESSELS; all the disclosures contained in the 
above patent applications and provisional patent applications 
are incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0005. This application relates to catheters and methods 
using mechanical and pharmaceutical means for opening par 
tially and totally obstructed bodily vessels of varying diam 
eters such as blood vessels. 

BACKGROUND OF THE INVENTION 

0006 Prior art mechanical devices are often limited to 
treating a narrow range of vessel diameters and a certain type 
of obstruction. However, the diameter and the nature of the 
obstruction often varies along the diseased vessel, requiring 
multiple sizes and different kinds of prior art devices in a 
single clinical case. Furthermore, each of Such prior art 
devices can be slow, traumatic and expensive. For example, a 
number of prior art devices comprise an abrasive tip with a 
spherical cross section, mounted on a rotating shaft to grind 
the obstructions to very small particles that can pass through 
the capillary blood vessels. Due to the small size of the 
particles, these devices have to be rotated at high speeds (e.g., 
200,000 revolutions per minute) to grind the entire obstruc 
tion material in a reasonable time. In some of these devices, 
the tip is eccentrically mounted on the shaft and Some of these 

Apr. 2, 2015 

devices use aspiration to try to remove the particles. However, 
as the abrasive tip of these devices grinds through a small 
vessel or through a hard obstruction material, even if the tip is 
mounted eccentrically on the shaft, it is forced to rotate in an 
opening that is not larger than the tip, which the tip essentially 
blocks. This prevents aspiration and cooling fluid or drugs 
from reaching the sides and the distal end of the tip, which 
may quickly cause thermal injury and/or perforation of the 
vessel wall. 
0007. A different commonly used method to open 
obstructed blood vessels consists of bringing clot-dissolving 
drugs (e.g., thrombolytic drugs such as Streptokinase, uroki 
nase, tRA and the like) into contact with the obstruction. 
However Such drugs may take a long time, especially in the 
case of a long obstruction. Thus, catheters, which deliver and 
mix the drug with the obstruction material to accelerate the 
process, are available (e.g., Trellis System sold by Covidien 
Co., Mansfield, Mass.), but such systems are relatively cum 
bersome, expensive and address primarily Soft obstructions. 

SUMMARY OF THE INVENTION 

0008. By way of comparison, an embodiment of the 
present invention has an asymmetric narrow tip with sides 
that are designed to bluntly impact the obstruction to break 
the obstruction mechanically. The narrow tip also defines 
passages that deliver cooling/lubricating fluid and drugs to 
the impact site and allows the dual mechanical and pharma 
ceutical co-action to quickly break down the obstruction to 
particles. The same passages allow the tube to aspirate fluid 
laden with particles. 
0009. The embodiment comprises a motor-driven flexible 
hollow shaft whose distal portion is preferably made of a 
spiraled wire and a tip affixed to its distal end. The flexible 
hollow shaft is rotatably disposed in a flexible tube and a fluid 
channel is defined between an internal diameter of the flexible 
tube and an external diameter of the hollow shaft. The distal 
portion of the flexible hollow shaft extends out of and is free 
to move radially relative to the tube, enabling the fluid chan 
nel to ingest particles which are smaller than a difference 
between the internal and external diameters. Relative motion 
between the radially moving and rotating flexible hollow 
shaft and the flexible tube eases movement of the particles 
through the fluid channel and impedes the particles from 
clogging the fluid channel. A tip made of a hard material. Such 
as stainless Steel having a narrowed cross section (as com 
pared to a round cross section), is affixed to a distal end of the 
hollow shaft. The tip has a rounded atraumatic (i.e., less likely 
to injure a wall of the vessel) distal end which defines a bore 
adapted to fit over a guidewire and the flexible hollow shaft 
and the tip are rotatable and slideable over the guidewire. The 
tip, which is extended out of a distal end of the flexible tube to 
enhance its engagement with the obstruction material, has a 
first and second sides. The first side is adapted to bluntly 
impact the obstruction material when the tip rotates in a first 
direction and Vice versa. The tip also has a base and an 
opposing Smooth crown that is offset away from a longitudi 
nal axis of the flexible hollow shaft further than the base is 
offset away from the longitudinal axis, enlarging the area that 
the tip can Sweep when rotating in a larger vessel. 
0010. A distance between the sides is smaller than the 
distance between the crown and the base, leaving open aspi 
ration passageways along the sides even when the tip is a 
Small vessel or when it is tunneling through a hard obstruc 
tion. The passages allow fluid (e.g., Saline, thrombolytic and 
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other drugs as well as blood) to irrigate and lubricate the 
impact-site and bring the drugs in contact with the obstruc 
tion's new surfaces as soon as they are created by the rotating 
tip in order to combine the chemical effect with the tips 
mechanical effect. The maintained fluid supply through the 
passages also prevents the impact-site from becoming dry and 
overheated by the mechanical action of the rotating tip. The 
passages also carry the particles from the impact site as well 
as the area Surrounding the distal end of the rotating tip, as 
they are aspirated into the tube. 
0011 Total occlusions often prevent advancement of a 
guidewire and thereby prevent the delivery of percutaneous 
trans-catheter treatment, forcing a patient to undergo a more 
formidable bypass surgery. With the present invention, upon 
encountering a total obstruction that cannot be crossed with 
the guidewire, the rotary catheter can be advanced to the 
obstruction and the guidewire can be withdrawn proximally 
past the tip, adapting the system to cross a total occlusion. As 
the tip is rotated, it's Smooth crown atraumatically slides 
against the vessels wall and displaces the distal end of the tip 
away from the wall, directing the tip to tunnel through the 
obstruction. Once the obstruction is crossed, the guidewire 
can be advanced distally past the tip to provide guidance and 
Support to the rotary catheter. 
0012. The rotary catheter can be inserted into the vessel 
directly, e.g., when access to a vessel is gained Surgically, or 
through the skin via an introducer. The introducer can also be 
used to inject fluids, such as saline, with drugs and radiopaque 
contrast agent into the vessel, which, together with blood, 
keeps the obstruction particles Suspended so that they can be 
readily aspirated. An optional guiding catheter can be used 
when the rotary catheter has to be guided further into the 
vessel. The guiding catheter can incorporate a proximal 
embolic barrier for temporarily blocking flow through the 
vessel, while the rotary catheter macerates and aspirates the 
obstruction material, thereby reducing the likelihood of 
releasing particles and drugs downstream. A distal embolic 
protection device can also be employed for the same purpose 
and, when the rotary catheter is used in a limb, an external 
pressure cuff can be utilized to temporarily stop circulation in 
the affected limb. 
0013 The flexible hollow shaft that is disposed in the 
flexible tube deters the flexible tube from kinking (i.e., dia 
metrically collapsing) and prevents the flexible hollow shaft 
and tube from being sharply bent at the point in which they are 
connected to the housing. Their radii of bending is limited by 
a radius of curvature of a wall of a depression defined by the 
Surrounding housing. The rotary catheter can be manufac 
tured in varying lengths and diameters to reach and treat 
differentanatomical locations and different forms of obstruc 
tions, as well as to Suit users’ preferences. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 shows a motorized rotary catheter, according 
to the present invention, with a tip extended out of a distal end 
of the flexible tube: 
0015 FIG. 1a shows the motorized rotary catheter with 
the distal end of its flexible tube slid close to the tip to reduce 
a gap between them and impede an edge of the flexible tube 
from engaging with a wall of the vessel while the rotary 
catheter is advanced distally in the vessel towards an obstruc 
tion (“distal' or “distally’ refers to a location or a direction 
further into the vessel and “proximal' or “proximally’ means 
the opposite); 
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0016 FIG. 1b shows enlargement of a rotary seal-set (as 
explained below); 
0017 FIG.1c shows cross-sectional enlargement of a con 
nection between a ferrule and flexible tube viewed on a plane 
1C-1C marked on FIG.1a, 
0018 FIG. 1d is cross-sectional view of a proximal seal 
mechanism shown in an open-position (the proximal seal is 
shown, as a part of the embodiment depicted in FIG. 1, in a 
closed-position); 
0019 FIG. 1e is cross-sectional view of an alternative 
proximal seal mechanism shown in an open-position. 
0020 FIG. 2 shows an enlargement of a region marked 2 
on FIG. 1, where the vessel is totally occluded and the 
guidewire withdrawn proximally beyond the distal end pre 
paratory to the tip crossing the obstruction; 
0021 FIG. 3 shows a distal end of the tip viewed on plane 
3-3 marked on FIG. 2; 
0022 FIG. 3a shows a distal end of a modified tip; 
0023 FIGS. 4, 5 and 6 show examples of cross sections of 
flattened wires that can be used to wind a spiraled wire; 
0024 FIG. 7 shows an enlargement of an optional welded 
connection between a flexible hollow shaft portion and spi 
ralled wire; 
0025 FIG. 8 shows an enlarged cross section of the tip 
area, 
0026 FIG. 8a shows a perspective view of the tip; 
0027 FIG. 8b shows a perspective illustration of the tip; 
0028 FIG.9 shows a further enlargement of the distal end 
of the tip; 
(0029 FIG. 10 shows an overview of a modified rotary 
catheter, wherein the flexible tube can be optionally moved 
distally over the tip to shield it as shown in FIG. 10a; 
0030 FIG. 10b shows an end view of the rotary catheter as 
viewed on a plane 10b-10b marked on FIG. 10a; 
0031 FIG. 11 shows a further modification of the rotary 
catheter, wherein the distal end of the flexible tube is termi 
nated diagonally; 
0032 FIG. 12 shows a further modification of the rotary 
catheter, wherein the shape of the distal end of the flexible 
tube resembles a Scoop of a garden trowel; 
0033 FIG. 13 shows an further modification of the rotary 
catheter, wherein the sheath resembles a Scoop of a garden 
trowel with a thickened bottom; 
0034 FIG. 14 shows a further modification of the rotary 
catheter, wherein a distal end section of the spiraled wire that 
is extended out of the distal end of the flexible tube is straight 
ened by a guidewire that is disposed through it. The spiraled 
wire is pre-formed to automatically assume a curved shape in 
response to the guidewire being removed; 
0035 FIG. 15 shows the rotary catheter as viewed in the 
direction of arrow 15' marked on FIG. 14, wherein the first 
side of the tip is inclined so that it propels fluid and particles 
of the obstruction proximally when the tip rotates in a first 
direction; 
0036 FIG. 16 is cross sectional view of the tip, along a 
plane 16-16 marked on FIG. 14, which shows a further modi 
fication of the tip, wherein an offset of the base is minimized 
and an offset of the crown is enhanced. 
0037 FIG. 17 shows the modified rotary catheter of FIG. 
14 wherein the distal end section of the spiraled wire auto 
matically assumed a curved shape and increased the offset of 
the tip in the absence of the guidewire; 
0038 FIG. 18 shows the rotary catheter viewed in the 
direction of arrow 18' marked on FIG. 17, where a distal end 
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section of the flexible hollow shaft is extended out of the distal 
end of the flexible tube and is pre-formed to automatically 
incline the tip, in response to the guidewire being withdrawn 
from within the distal end section of the hollow shaft, so that 
it propels fluid and particles of the obstruction proximally 
when it rotates in a first direction 
0039. The middle portions of the embodiments shown in 
FIGS. 1, 1a, 10, 10a, 11, and 12 have been represented by 
phantom lines due to space limitations on the drawing sheets. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0040 FIG. 1 shows a motorized rotary catheter 10, accord 
ing to the present invention, for opening an obstruction 11 
(e.g., blood clot; atheroma) in a bodily vessel 12 (e.g., a blood 
vessel). 
0041. The rotary catheter 10 comprises a motor-driven 
flexible hollow shaft 14, rotatably disposed in a flexible tube 
13 that is preferably made of thin plastic material. A proximal 
portion 16 of the flexible hollow shaft is preferably a thin 
walled tube and a distal portion of the flexible hollow shaft 17 
is preferably made of a spiraled wire. The wire that is used to 
wind the spiraled wire preferably has a flattened cross-section 
(such a cross section can be obtained by taking a standard 
round wire and running it between rollers that squeeze and 
flatten it, please note FIGS. 4-6). The flexible hollow shaft 
portions 16 and 17 are preferably made of metal (e.g., stain 
less steel; Nitinol) and are connected together, for example, 
by a circumferential weld 19 (please note FIG. 1) or by two 
circumferential welds 24 and 25 and a reinforcing sleeve 30 
(please note FIG. 7.) 
0042. A stainless steel tip 20 is affixed by a laser weld 21 

to a distal end of the spiraled wire (please note FIG.9) so that 
the flexible hollow shaft 14 and the tip 20 are rotatable and 
slideable over a guidewire 15. The weld 21 is at a point along 
the spiraled wire that is nested inside the tip where the weld is 
Subjected primarily to shearing loads but is otherwise pro 
tected. The tip has a first side 22 for impacting the obstruction 
as the flexible hollow shaft is rotated in a first direction 40. A 
second side 24 can be used to impact the obstruction if the 
flexible hollow shaft is rotated in a second direction 41 
(please note FIG. 3.) 
0043. The tip also has a base26 and an opposing crown 27 
that is adapted to atraumatically slide against a wall of the 
vessel without injuring it. The tip 20 is asymmetrical, i.e., an 
offset 89 of its crown is larger than an offset of its base 88. 
“Offset refers hereinafter to a distance from the longitudinal 
axis 28 of the spiraled wire 17. The sum of offsets 88 and 89 
equals to the height of the blade 90 and the offset 89 is also the 
tip’s “effective radius’ i.e., one half of its “effective diameter 
100. As the tip rotates around the axis 28, the crown slides 
along its surroundings while the side of the tip impacts what 
ever is within its effective diameter marked with a phantom 
line 29 and, as illustrated in FIG. 3, the resulting tunnel is 
Substantially larger than a tunnel marked with an interrupted 
line 35that a hypothetical symmetrical tip of equal height (i.e. 
offset 88 equals offset 89) would have opened, however, it 
should be understood that above discussion is meant to 
explain the concept of the asymmetrical tip and the actual 
cross-sectional area of the tunnel that the tip 20 opens may 
increase due to, for example, dynamic forces affecting the tip 
(e.g., centrifugal force) or the opening may decrease when, 
for example, the tip operates in a smaller vessel or when it 
tunnels through a hard obstruction. 
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0044) The tips narrowed cross-section with a width91 that 
is smaller than its height 90 reduces the size and circumfer 
ence of the cross-section relative to a round tip whose diam 
eter equals the height. This Smaller circumference requires a 
Smaller opening in the wall of the vessel for inserting the tip 
into the vessel. The narrowed cross-section also enhances the 
tips ability to fit into a narrow opening in a hard obstruction 
and, as the tip rotates, to apply leverage in order to widen the 
opening. The tip’s narrowed cross-section also leaves open 
passagewayS 22' and 24' along its sides 22 and 24, respec 
tively. These passageways enable aspiration from the distal 
end of the flexible tube 13 to reach particles that are distal to 
the tip even when the tip is operating in a small vessel or 
tunnel with a diameter as small as the height 90. As the 
particles and fluid in which they are suspended pass through 
passagewayS 22' and 24', over the rotating tip, they become 
further macerated and are readily aspirated through the tube 
into a syringe 37 as discussed below. 
0045. A distal rounded end 36 of the tip 20 covers a distal 
end of the spiraled wire 39 and defines a bore 18 (please note 
FIGS. 2, 8 and 9) which rotatably and slideably fits over the 
guidewire, enabling the guidewire to support and guide the 
tip. A close fit between bore 18 and the guidewire restricts 
blood flow through the bore 18 and the amount of fibers and 
residue that enters through the bore 18 and may deposit 
around the guidewire. 
0046. As shown in FIG. 1 the flexible tube 13 is affixed 
(e.g., bonded and/or press fitted) and radially Supported inter 
nally by a ferrule 86, to a strain relief 83 which is affixed to a 
cylinder 42 which also houses a seal 43. The outer periphery 
of the seal 43 is tightly pressed by a bushing 44 against a 
circular ridge 49 forming a peripheral static Seal. The ridge is 
shown in the enlarged view FIG.1b. Abore 44", defined by the 
bushing, acts as a bearing, which offsets the flexible hollow 
shaft portion 16 to the extent that is needed to concentrically 
align relative to a bore 43', which is formed through the seal 
43. Such a combination of a seal and an adjacent concentric 
bearing are referred to hereinafter as a “seal-set. This align 
ment on the one hand nulls the effect of the cumulative eccen 
tricities and production tolerances contributed by parts num 
bers 42, 45,50, 51,83 and the flexible hollow shaft portion 16, 
and reduces the interference fit needed between the bore 43' 
and the flexible hollow shaft portion 16 to maintain a rotary 
seal between them. This alignment thereby reduces frictional 
power loss in the seal. Additionally, it also eases the toler 
ances that the parts 42, 45, 50, 51 and flexible hollow shaft 
portion 16 have to be manufactured to and thereby lowers the 
manufacturing costs of the rotary catheter. 
0047. The cylinder 42 is slidingly disposed in a distal end 
of a tubular housing 45 and a ferrule 46, that is press-fitted 
into the cylinder 42, and is slidingly disposed in an elongated 
slot 47 defined in the housing 45. This allows the cylinder 42 
to be slid proximally into the housing (as shown in FIG. 1) or 
to be slid distally (as shown in FIG.1a), displacing the distal 
end of the flexible tube 13 towards the tip 20. The reduced gap 
impedes the edge 13e from engaging with the wall of the 
vessel 12. While the edge 13e is preferably rounded or cham 
fered (please note FIG. 8), the reduced gap further reduces the 
likelihood that the edge 13e would scrap the wall of the vessel 
12 while the rotary catheter is advanced distally in a curved 
section of the vessel. 

0048. A flexible conduit 48, the ferrule 46, bores 58 and 
59, and seal 43 (please note FIG. 1) define together a hydrau 
lic connection between a proximal end of the flexible tube 13 
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and a Suction means in the form of the Syringe37. The Syringe 
has a piston 37" and a cylindrical body which contains throm 
bolytic drug(s)39. Such as, for example, streptokinase, uroki 
nase, tissue plasminogen activators, also referred to as tA or 
rtPA and may also contain anticoagulant and antispasmodic 
drugs. Typical thrombolytic drugs are sold by, for example: 
Genentech, South San Francisco, Calif.; Abbott Laboratories, 
Green Oaks, Ill., AstraZeneca, London, UK. The drugs 
maybe infused into the vessel 12 before and/or while the tip is 
rotating by pushing the piston 37' into the Syringe's cylindri 
cal body. After the thrombolytic drug and the tip have coop 
eratively broken down the obstruction 11 to particles small 
enough to be aspirated into the fluid channel defined between 
the tube 13 and the shaft 14, the piston 37' is pulled out of the 
cylindrical body to create a negative pressure in the Syringe 
and aspirate the particles and fluid in which they are sus 
pended. Representative Syringes and vacuum syringes are 
sold, for example, by Merit Medical Systems, South Jordan, 
Utah. The relative motion between the flexible tube 13 and the 
rotating flexible hollow shaft 14 assists with the aspiration 
process by reducing the frictional resistance that these par 
ticles encounter while moving proximally in the flexible tube 
13. 

0049. An optional helical wire 94 can be rotatably dis 
posed in bore 59 and affixed to the flexible hollow shaft 
portion 16. Upon rotation in the first direction, the helical wire 
94 automatically assists and regulates flow of fluid and par 
ticles proximally, but when not rotating, the helical wire 94 
resists such flow. 

0050. A small direct current motor 50 is housed in a proxi 
mal end of the housing 45, however, other types of electric or 
air-driven motors, and the like, can be used. The motor has a 
tubular output shaft 51 with an optional electrically insulating 
coating (not shown). The shaft 51 is power transmittingly 
connected at its proximal end to the flexible hollow shaft 
portion 16 by a circumferential weld 84 (or, alternatively, by 
epoxy which is not shown), leaving the length of flexible 
hollow shaft portion 16 that is nested in a clearance 52 free to 
bend to align with the bore 44'. The increased length of 
flexible hollow shaft portion 16 that participates in the align 
ment with bore 44' lowers the stress and strain in the flexible 
hollow shaft and the frictional forces that develop in the bore 
44' while the flexible hollow shaft portion 16 rotates. 
0051 FIG. 7 shows the flexible hollow shaft portion 16 
connected and bonded to an optional flexible guidewire-liner 
60 made of a thin-walled plastic tube. The liner may also be 
secured to the spiraled wire 17 with a spiraled protrusion 92 
formed thereon. The spiraled wire can be wound of one or 
more wires, also referred to by various manufacturers as 
Strands or filaments, and it can be constructed in one or more 
layers of wound wires. Representative single and multi-lay 
ered spiraled wires are disclosed in U.S. Pat. Nos. 4,819,634 
and 5,007,896, which are incorporated herein by reference. 
These earlier patents also show other optional spiraled wire 
designs, such as a jagged spiraled wire shown in FIGS. 3 and 
4 of U.S. Pat. No. 5,007,896. Torque-transmitting flexible 
tubes utilizing a single or multilayered construction, where 
each layer is made of one or more wires, are also commer 
cially available from Asahi Intecc Co. (with offices at 2500 
Red Hill Ave, Santa Ana, Calif., USA and at Aichi-ken, 
Japan). The common feature of these and other Suitable spi 
ralled wires, as the term is used in this application, is their 
hollow design which allows them to slide and rotate over a 
guidewire, coupled with an ability to transmit torque from the 
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motor to the tip and their increased flexibility, as compared 
with a non-spiraled or a standard tube of similar internal and 
external diameters. 
0.052 Referring back to FIG. 1, a proximal cap 53 houses 
a seal-set comprising a seal 54, which seals around the flex 
ible hollow shaft portion 16, and a bushing 55 which secures 
it in place, and which, like the bushing 44, also serves as a 
bearing that keeps the flexible hollow shaft portion 16 rotat 
ing concentrically relative to the seal 54 with the beneficial 
effects discussed above in connection with the bushing 44 and 
the seal 43. Housing 45, cylinder 42 and proximal cap 53 are 
all parts of a rotary catheter drive unit. The cap 53 also defines 
abore containing an O-ring seal 74 through which a slideable 
proximal extension in the form of a stepped tube 57 is slid 
ingly disposed. A seal 56 is secured in the stepped tube 57 by 
a ring 93. To enable insertion of the guidewire 15 thru the 
rotary catheter 10, the stepped tube 57 is pushed distally, 
causing a proximal end 16" of the proximal flexible hollow 
shaft portion 16 to cross the seal 56 (please note FIG. 1d) and 
enable the guidewire to freely pass thru the seal 56 into, or out 
of the proximal end 16'. Upon pulling the stepped tube 57 
proximally (please note FIG. 1), the seal 56 closes and seals 
around the guidewire 15. The seal 56 may be made of more 
than one layer of elastomeric material (e.g., two layers of flat 
silicone rubber), where the distal layer defines a round bore 
that tightly, yet slidingly, fits around the guidewire 15. The 
proximal layer has a slit, or intersecting slits, that seal her 
metically in the absence of the guidewire. The O-ring 74 seals 
around the stepped tube 57 and frictionally prevents it from 
rotating. It also provides the user a tactile indication, when it 
drops into an undercut 95 (please note FIG. 1d), that the 
stepped tube 57 is in its extended position. 
0053 FIG. 1e is cross-sectional view of a modified slide 
able proximal extension means in the form of a stepped tube 
57" which defines a bore that provides a bearing support and 
concentric alignment for the flexible hollow shaft portion 16 
with both seals 54 and 56 that are housed and secured at the 
distal and proximal ends of the stepped tube 57", respectively. 
Therefore the bore of bushing 55' can be enlarged. Stepped 
tube 57" is depicted being pushed distally to a position that 
enables the guidewire to freely pass distally or proximally 
thru the distal end 16'. Upon pulling the stepped tube 57 
proximally, the seal 56 closes and, if a guidewire is present, 
seals around the guidewire. In this modified configuration 
shown in FIG.1e, the O-ring 74 provides anti-rotational fric 
tion and tactile indication discussed above. 
0054. A syringe 62 is hydraulically connected to a proxi 
mal end of the flexible hollow shaft portion 16 through a 
passage 61 and a bore 69 defined in the cap 53. The syringe 62 
can be used to introduce a fluid, Such as Saline and drugs, into 
the flexible hollow shaft portion 16 and into the liner 60 to 
prevent blood from entering and clotting in the liner and in the 
flexible hollow shaft portion 16. Immersion of the proximal 
end of flexible hollow shaft portion 16 in fluid also prevents 
air from entering into it when negative pressure prevails in 
bore 69. The fluid can be supplied by the syringe 62. 
0055 Electrical wires 63, 63', 64 and 64 connect the 
motor 50 to a battery 65 through a four position switch 66 
having a sliding block 68. In the position shown in FIG. 1, 
wire 63 is connected to wire 63' and wire 64 is connected to 
wire 64", causing the motor to rotate in the first direction. 
When the block 68 is slid upwards (in the direction of arrow 
68), the wires are crossed so that wire 63 is connected to wire 
64 and wire 64 is connected wire 63', causing the motor to 
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rotate in the second direction and manually alternating 
between these positions will cause the motor to rotate back 
and forth. When a block 67 is slid downwards an electronic 
circuit that it contains is interposed between the wires 63 and 
64 to the wires 63' and 64 which automatically causes the 
motor to rotate back and forth (such electronic circuitry 
which is not shown is familiar to the artisan.) In a fourth 
off-position (not shown) the switch electrically disconnects 
the battery from the motor. 
0056 Motor 50 has a commutator which can be equipped 
with a disk varistor to reduce electromagnetic emissions (disk 
varistors are commercially available, for example, from TDK 
Corp., Uniondale, N.Y.) Additionally capacitors 70, 71 and 
72 can be connected to a housing of the motor and wired as 
shown in FIG. 1. 
0057 Ferrite beads (not shown) can be disposed along the 
wires 63, 64 and 63', 64 to further reduce the electromagnetic 
emissions. 
0058. A syringe 80 is connected through an introducer 75 
to the vessel and can be used for the introduction of a fluid, 
Such as Saline, drugs and radiopaque contrast agent, into the 
vessel. This fluid can make up for the volume that is aspirated 
through the rotary catheter and can be used to prevent blood 
from entering the introducer and clotting therein. Alterna 
tively, the syringe 80 can be used to aspirate fluid and particles 
out of the vessel, especially while the rotary catheter 10 is not 
disposed in the introducer. 
0059. In cases where the target obstruction 11 is distant 
from the puncture site, a conventional guiding catheter (not 
shown) may be disposed in the introducer, to guide the rotary 
catheter 10 more definitively to the obstruction. Alternatively, 
a specialized catheter 77 with a toroidal shaped balloon 78 
can be used to also seal flow through the vessel and reduce the 
likelihood of escapement of particles and drugs into the blood 
stream. The balloon 78 is inflatable and deflatable through a 
channel 79, defined in a wall of the catheter, by a syringe 81 
that is connected to the channel 79. 
0060 A syringe 82 can be used similarly to syringe 80. 
While syringes 62, 80, 81 and 82 are illustrated as being 
connected directly to various other components, it is under 
stood that they can be connected through flexible conduits 
similar to the way syringe 37 is connected through flexible 
conduit 48. It can be noted that syringe 82 or syringe 80 can 
be replaced with a bag containing a fluid preferably under 
pressure slightly higher than the patient’s blood pressure (not 
shown). 
0061 The guidewire 15 can be a conventional guidewire 
or it can be equipped with a distal particle barrier Such as a 
filter (not shown) or a balloon 85 that is selectively inflatable 
through the guidewire 15. Such guidewires with inflatable 
balloons are commercially available from Medtronic Co., 
Minneapolis, Minn. 
0062 Bodily vessels are often curved and bias a catheter 
that is inserted into them towards the wall of the vessel. 
Absent a correction mechanism, such a bias would lead tun 
neling catheters (i.e., catheters that are intended open an 
obstruction) to begin tunneling into the obstruction adjacent 
to the wall, especially in a case of an obstruction that totally 
blocks the vessel and cannot be crossed by the guidewire. In 
such a case the rotary catheter 10 can be delivered to the 
vicinity of the obstruction site over the guidewire. The 
guidewire is then withdrawn proximally past the distal end 36 
of the tip. Then, as the tip 20 rotates and the crown 27 atrau 
matically slides against the wall of the vessel, it displaces the 

Apr. 2, 2015 

distal end 36 of the tip away from the wall (please note FIG. 
2.), urging the distal end of the tip to starttunneling away from 
the wall. After the obstruction has been crossed by the tip 20. 
the guidewire can be advanced distally beyond the obstruc 
tion, and it can be left inside the vessel after the rotary catheter 
has been withdrawn, to provide guidance for Subsequent pro 
cedures, such as angioplasty and stenting. It can be under 
stood by the artisan that this correction mechanism of starting 
to tunnel away from the vessels wall would not work if the 
flexible hollow shaft 14 would hypothetically extend distally 
beyond the tips distal end 36, as the tip could not have 
remotely prevented such a distal extension of the flexible 
hollow shaft from starting to tunnel adjacent to the wall. Such 
a distal extension of the flexible hollow shaft would have also 
increased the force that would have developed between the 
rotating crown and the wall of the vessel because, as would be 
appreciated by the artisan, larger force has to be applied at a 
mid-point of a beam Supported at both of its ends as compared 
with the force that has to applied at the end of a cantilevered 
beam in order to cause the same deflection. 

0063 Total obstructions may have a hard end layer thus, to 
enable the tip to start tunneling, its rounded distal end 36' can 
have small tooth or teeth 38 on the part of the distal end of the 
tip that is further away from the base 26 (please note FIG.3a) 
to reduce the likelihood that teeth 38 will come into contact 
with the vessel. To prevent or to release fibers and the like 
from wrapping around the flexible hollow shaft or the tip, the 
flexible hollow shaft and tip can be rotated backwards or back 
and forth in directions 40 and 41. Additionally, in the event 
that a large particle becomes lodged in the tube, sliding the 
flexible tube 13 back and forth relative to the flexible hollow 
shaft 14 can be used to help dislodge it. 
0064. The rotary catheter can be introduced into the vessel 
directly, when the vessel is Surgically accessed, or percutane 
ously through an introducer 75, having a sheath 76. The size 
ofan allowable puncture wound 12" (note FIG. 1) in the vessel 
wall limits the diameter of the sheath 76 and an outside 
diameter 13od of the flexible tube 13 and the size of the inner 
workings of the catheter and of the tip 20. The flexible tube's 
internal diameter 13id and an outside diameter 14od of the 
flexible hollow shaft 14 (please note FIG. 8) define between 
them a fluid channel 87. To maximize the cross sectional area 
of the fluid channel 87 and the size a particle 87 that the fluid 
channel can ingest, the sheath 76 as well as the flexible tube 
13 are preferably made of a thin plastic materials and a diam 
eter 14od of the flexible hollow shaft is kept substantially 
smaller than the diameter 13id. The distal end of the flexible 
hollow shaft 14 extends out of a distal end of the flexible tube 
13 and is free to move radially relative to the tube, to one side 
or another, enabling the channel to ingest particles which 
measure across up to a difference between the diameters 13id 
to 14od. It should be noted that, if the distal end of the flexible 
hollow shaft 14 was mechanically connected to and centered 
in the distal end of the flexible tube 13, for example, by a 
bearing, the particle size that could have theoretically entered 
the channel 87 would have been reduced by /2 and the particle 
weight by about 7/8. As the tip rotates, the interaction of the tip 
with its Surroundings and dynamic forces may cause the distal 
end of the flexible hollow shaft to randomly move radially or 
vibrate relative to the tube, which further discourages par 
ticles from clogging the fluid channel. Again, by comparison, 
if the distal ends of the flexible hollow shaft and the flexible 
tube were mechanically connected by a bearing or the like, 
not only could such a connection interfere with flow through 
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the channel, it would also diminish the vibratory unclogging 
action referred to above. It can also be noted that the lack of 
mechanical connection between the distal ends of the flexible 
tube 13 and the flexible hollow shaft 14, such as a bearing, for 
example, enhances the overall flexibility of the rotary catheter 
by allowing slight longitudinal relative movement between 
the flexible tube 13 and the flexible hollow shaft 14 when the 
catheter is bent. 

0065. If an oversized particle (which measures across 
more than the difference between the diameters 13id to 14od) 
does enter and wedges in the channel 87, the spiraled wire 17 
(if one is used) is preferably rotated in a direction that conveys 
the particle distally to prevent it from lodging in and clogging 
the fluid channel. This action can be augmented by making 
the cross section of the wire (from which the spiraled wire is 
wound) with small external ridges 34 (please note FIG. 5). 
However, particles that are Small enough not to become 
wedged in the channel 87 are practically unaffected by the 
Small ridges 34 and are readily aspirated proximally, eased by 
the relative rotation of the flexible hollow shaft 14 to the 
flexible tube 13, which substantially reduces the frictional 
resistance to the movement of particles through the channel 
87. Thus, the combined relative rotary and radial motion 
between the flexible hollow shaft and the flexible tube eases 
the movement of particles into and through the fluid channel 
87 and impedes particles from clogging it. 
0066. It can also be appreciated that enlarging the tip’s 
height 90 to closely fit through the introducer enhances its 
effective radius 89 and the cross-sectional area of the tunnel 
that the tip opens through the obstruction (please note FIG.3). 
Increasing the tip height 90 beyond the flexible tubes internal 
diameter 13id (please note FIG. 8) allows the flexible tube to 
be advanced to the tip but not over it. The tip’s height can be 
reduced so it is slightly smaller than the internal diameter 
13id, allowing the flexible tube to be advanced over it and 
shield it (please note FIGS. 10a, 10b). In this shielded con 
figuration, the rotary catheter can aspirate soft obstructions 
(e.g., fresh clot) because the tip’s narrowed cross-section 
leaves open passageways 22 and 24' between the tip’s sides 
22 and 24 to the flexible tube's wall, respectively. As soon as 
the Soft obstruction material enters the passageways 22 and 
24' and gets in between the rotating tip’s sides and the flexible 
tube's wall, the rotating tip and thrombolytic drugs (if used) 
macerate the clot so that it can be readily aspirated all the way 
into the syringe 37. The operation of the tip in the tube is 
similar to the tip’s operation in a tunnel or a small vessel 
whose diameter is close to the tip’s height 90. 
0067 FIG. 11 shows a further modification, where the 
flexible tube 13 is terminated along a diagonal line 13' so that 
when the cylinder 42 is partially pulled out of the housing, the 
flexible tube partially shields the tip. As can be understood by 
the artisan, the length of the slot 47 can be increased to enable 
the flexible tube to move from a fully shielding position to a 
position where the tip and a short section of the spiral are 
exposed. The configuration shown in FIG. 11 enables the tip 
to be advanced and urged into contact with an asymmetrical 
obstruction 11", which is located on one side of the vessel, 
while the flexible tube distal end acts as a barrier between the 
tip and an opposite side of the vessel. A radio-opaque marker 
19, affixed to the wall of the flexible tube, can be used to assist 
the user in positioning and orientating the flexible tube rela 
tive to the obstruction under X-ray imaging. 
0068 FIG. 12 shows a modification of the rotary catheter 
of FIG. 11, where a flexible tube's distal end 31 resembles a 
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miniaturized scoop of a gardening trowel. The Scoop shields 
a certain length of one side of the vessels wall from the 
rotating tip while urging the rotating tip towards an asym 
metrical obstruction 11 located on the opposite side of the 
wall. FIG. 13 shows a scoop 32 with a thicker bottom 33 to 
urge the tip further towards the obstruction. The elongated 
shape of scoops 31 and 32 shields a length of the obstruction 
that can be treated without requiring to re-position the Scoop 
in the vessel. 

0069. While the present invention has been illustrated with 
specific embodiments, it should be understood that modifica 
tions and substitutions may be made within the spirit of the 
invention and the scope of the claims. For example, to 
enhance the flexibility of the rotary catheter, the spiraled wire 
17 can be lengthened and the flexible hollow shaft portion 16 
shortened or vice versa. In Such a case of using a long shaft 
portion 16, an additional portion of a spiraled wire may 
optionally be attached to the proximal end of the flexible 
hollow shaft portion 16. Such a configuration may be useful in 
a long rotary catheter needed to reach the heart or brain while 
entering the vasculature at the groin region. In Such an appli 
cation, the additional proximal spiraled wire portion provides 
enhanced flexibility at the entry region, whereas, the distal 
spiraled wireportion 17 provides enhanced flexibility needed 
in the tortuous coronary vasculature, while the lengthened 
flexible hollow shaft portion 16 is sufficiently flexible to be 
disposed in the relatively intermediate vasculature (e.g., iliac, 
aorta). Such staggered construction reduces the systems bulk 
and the longitudinal flexibility of the flexible hollow shaft 14. 
0070 The sides 22 and 24 can be made slightly curved or 

tilted, from the parallel position depicted in FIG. 3, to form a 
dihedral angle (please note FIG. 16), so as to increase the 
passages 22 and 24' while narrowing the crown, or con 
versely, they be made so as to increase the crown to provide a 
larger bearing area for the tip as it slides over a wall of the 
vessel 13. 

0071. The guidewire enables delivering the rotary catheter 
through tortuous vasculature to remote occlusions and oper 
ating it with an enhanced degree of safety. However, a rotary 
catheter, according to the present invention, is adaptable to 
occasionally operate with the guidewire withdrawn proxi 
mally into the flexible hollow shaft to address specific clinical 
scenarios. One Such scenario is adapting the rotary catheter to 
cross total occlusion as was previously discussed. Another 
scenario relates to treating large vessels (e.g., blood vessels in 
the pelvic area, hemodialysis fistula, aneurysm) with the 
rotary catheter shown in FIGS. 14-18. FIG. 14 shows a distal 
end section of the spiraled wire 17 that extends out of the 
distal end of the flexible tube 13 being straightened by a 
guidewire 15 that is disposed through it. However, the distal 
end section of the spiraled wire is pre-formed to automati 
cally assume a curved shape when the guidewire 15 is with 
drawn from it (please note FIG. 17) and to thereby increase 
the offset of the tip 20. This in turn substantially increases the 
area within circle 29" that the tip sweeps (please note FIG. 17), 
as compared to the area within circle 29 (please note FIGS. 14 
and 3). It should however be understood that the actual cross 
section of the tunnel that is opened by the tip will also be 
effected by, for example, the topography and material of the 
Surrounding vessel and obstruction and the rotational speed 
of the flexible hollow shaft and tip. Thus, when a larger 
segment of a vessel has to be treated, the guidewire can be 
withdrawn proximally out of the spiraled wire, allowing the 
pre-formed distal end section of the spiraled wire to automati 
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cally assume its pre-formed curved shape shown in FIG. 17 
and thereby increase the tip’s Sweep. Optionally, the user can 
gradually withdraw the guidewire to achieve a corresponding 
gradual curving of the distal end section of the spiraled wire 
and conversely, in the absence of the guidewire, the user can 
reduce the curvature by advancing the flexible tube as shown 
in FIG. 1a. After opening the large vessel, the guidewire can 
be re-advanced distally through the tip to re-assume the con 
figuration shown in FIG. 14 and the guidewire may be left in 
the vessel after withdrawing the rotary catheter to facilitate 
for follow-up procedure (e.g., angioplasty and/or deployment 
of a stent). 
0072 FIG. 16 is cross sectional view of a modified tip 20", 
along a plane 16-16 marked on FIG. 14. The tip has slightly 
curved sides and an enhanced effective radius 89 which is 
achieved by reducing the offset 88 and essentially using the 
spiraled wire as a base 26'. 
0073 FIG. 15 shows a further modification of the tip 
(viewed in the direction of arrow 15 marked on FIG. 14) 
where a first side of the tip 103 is inclined by an angle 101 so 
that it propels fluid and particles of the obstruction proximally 
when the tip rotates in a first direction. 
0074 FIG. 18 shows a further modification of the flexible 
hollow shaft (viewed in the direction of arrow 18 marked on 
FIG. 17) wherein, in the absence of a guidewire, it also tilts by 
an angle 102 so that it propels fluid and particles of the 
obstruction proximally when it rotates in a first direction. The 
line 28' is a continuation of line 28, whereas line 104 is a 
longitudinal axis of the spiraled wire section that is in the 
tilted tip. 

1. A rotary catheter drive unit containing a motor and a 
seal-set, 

an output shaft of said motor being power transmittingly 
connected to a flexible shaft that is rotatably disposed 
through said seal-set, 

said seal-set comprising a bearing and an adjacent seal 
defining a first and a second concentric bores, respec 
tively, 
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said first bore being slightly larger than a diameter of said 
shaft so that it rotatably and accurately supports said 
shaft, 

said second bore being slightly smaller than said diameter 
So that it seals around said shaft, 

said bearing aligning said shaft, so that it is concentric with 
said second bore, by deflecting said shaft to compensate 
for eccentricity and misalignment of the second bore 
relative to said output shaft of said motor. 

2. A rotary catheter drive unit as in claim 1 containing one 
seal-set distally relative to said motor and a second seal set 
seal-set proximally relative to said motor, wherein said flex 
ible shaft passes through both said seal-sets and said motor. 

3. A rotary catheter drive unit as in claim 2 wherein said 
shaft is hollow, extends out of a proximal end of said housing 
and is slideable and rotatable over a guidewire, 

a slideable proximal extension of said housing containing 
a seal adapted to cross and exposes an open distal end of 
said hollow shaft when said proximal extension is slid 
distally and, Vice versa said seal adapted to cross said 
distal end 

of said hollow shaft when said proximal extension is slid 
proximally and close. 

4. A process of manufacturing a seal-set comprising the 
following steps: 

affixing a bearing having a first bore to a seal material, 
inserting a drill slightly smaller thana diameter of said bore 

So that said bore rotatably and accurately supports said 
drill, 

rotating and advancing said drill to cut a second bore in said 
seal material that is slightly Smaller and concentric rela 
tive to said first bore. 

5. A process of manufacturing a seal-set wherein said drill 
is hollow shaft with a sharp tip. 

6. A process of manufacturing a seal-set wherein said drill 
is a single point cutter. 

7. A process of manufacturing a seal-set wherein said drill 
is hypodermic needle. 
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