CASE 0:13-cv-01172-JRT-SER Document 12-9 Filed 06/10/13 Page 23 of 32

PLAINTIFF VASCULAR SOLUTIONS, INC.’SCLAIM CHART
Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
to U.S. Patent No. 8,048,032, Claims 1-8, 11-17, and 19

Claim L anguage GUIDEZILLA Guide Extension Catheter

modulus greater than the second
flexural modulus.

First Flexural Modulus Second Flexural Modulus

Third Flexural Modulus

17 BSC USP 8,142,413
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PLAINTIFF VASCULAR SOLUTIONS, INC.’SCLAIM CHART
Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
to U.S. Patent No. 8,048,032, Claims 1-8, 11-17, and 19

Claim L anguage GUIDEZILLA Guide Extension Catheter

Fourth Flexural Modulus
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ARNOLD & PORTER LLP Edward Han

Ed.Han@APORTER.COM

+1202.942.5756
+1 202.942.5999 Fax

555 Twelfth Street, NW
Washington, DC 20004-1206

June 3, 2013

VIA E-MAIL & FIRST CLASS MAIL

J. Thomas Vitt, Esq.

DORSEY & WHITNEY, LLP
Suite 1500, 50 South Sixth Street
Minneapolis, MN 55402-1498

Re: Vascular Solutions, Inc. v. Boston Scientific Corp.

Dear Tom:

This will confirm our telephone conversations last week, in which you granted us
a 30-day extension of the deadline for our answer or other response to the Amended
Complaint, which will now be due on July 1 1,2013. We are in the process of retaining
local counsel and will have them contact you about documenting the extension.

With regard to your anticipated motion for preliminary injunction, you indicated
that our opposition would be due 21 days after the motion was filed and that you would
not seek more expedited briefing. If, after we have had a chance to review your motion,
we believe we need more time, we will confer with you then.

You responded to our proposal for a meeting in June with our clients. In light of
your client’s determination to proceed with the preliminary injunction motion regardless,
however, we do not believe that such a meeting would be productive at this time.

Substantively, although we have only recently begun our analysis of the
complaint, we have already identified one issue that precludes not only Vascular
Solutions’ preliminary injunction motion but also its patent infringement claims in their
entirety. Specifically, every independent claim of each of the asserted patents requires a
substantially rigid portion “without a lumen.” It is clear from the prosecution history that
this limitation was added expressly to overcome examiner objections that would
otherwise have prevented the patents from issuing. As is apparent from an inspection of
Boston Scientific’s accused device or the associated literature or labeling, if there is a

Lir to Vitt.docx
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ARNOLD & PORTER LLP

June 3, 2013
Page 2

“substantially rigid portion” of that device for purposes of the claims, it could only be the
portion of the device composed of a hypotube, which has a continuous lumen running its
entire length. Accordingly, Vascular Solutions’ patent infringement claims are
unsustainable. Should you persist in asserting these claims, we reserve the right to seek
appropriate sanctions at the conclusion of the case.

For at least this reason, the contemplated motion for preliminary injunction lacks
merit and Boston Scientific will not delay the launch of the accused product. Unless you
would like to discuss this further, you may assume that any obligation you may have to
meet and confer regarding the preliminary injunction motion has been satisfied.

Sincerely,

Edward. o ()

Edward Han

ce: Matthew M. Wolf, Esq.
John Nilsson, Esq.

Lir to Vitt.docx

Page 355 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-9 Filed 06/10/13 Page 28 of 32

Exhibit 33

Page 356 of 483



Lumen (Fasy tg.yaderstand dsfipition oflumpen by Yoy Digfiqnary 06/10/13  page 29 of 535 ! °F2

lumen

The definition of a lumen is the measure of brightness from a light

source.
(noun)

An example of a lumen is the 13 lumens of a candle and the 1,200 lumens of a
100 watt light bulb.

YourDictionary definition and usage example. Copyright © 2013 by LoveToKnow Corp.

Ads by Google
Measurement of light Quality light measurement equipment LED Tester,
Radiometer, Photometer www.gigahertz—optik.de

See lumen in Webster's New World College Dictionary

noun pl. lumens or lumina
1. the basic unit used to measure the flow of light in the SI
system, equal to the amount of light emitted through a solid
angle of one steradian by a light source with the intensity of
one candela (0.0015 watt): abbrev. /m
2. the bore of a hollow needle, catheter, etc.
3. ANAT. the passage within a tubular organ

Origint ModL < L, light
Webster's New World College Dictionary Copyright © 2010 by Wiley Publishing, inc., Cleveland, Ohio.
Used by arrangement with John Wilsy & Sons, Ing,

See lumen in American Heritage Dictionary 4

noun pl. lu'mens or lu'mi-na (-ma-na)
1. Anatomy The inner open space or cavity of a tubular organ, as of a blood
vessel or an intestine.
2. Abbr. Im Physics The unit of luminous flux in the International System,
equal to the amount of light given out through a solid angle by a source of

http://www.yourdictionary.com/lumen 6/6/2013
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one candela intensity radiating equally in all directions. See Table at
measurement.

3. Botany The cavity bounded by a plant cell wall.
Origin:
Origin: Latin fiimen, an opening, fight, see feuk- m Indo-European roots

Related Forms:
» lu'men-al, lu'min-al adjective

The American Meritage® Dictionary of the English Language, 4th edition Copyright © 2610 by Houghton Mifflin
Harcouwrt Publishing Company. Published by H ougﬁmn Mifflin Harcourt Publishing Company. All rights reserved.

Learn more about lumen

fumen computer delinition

lumen medical definition

lumen science

lumen in a sentence

About YourDictionary Advertisers Contact Us Privacy Policy Terms of Use Help
© 1996-2013 LoveToKnow, Corp. All Rights Reserved. Audio pronunciation provided by LoveToKnow,
Corp.

http://www.yourdictionary.com/lumen 6/6/2013
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Wordsmyth

The Premier Educational Dictionary-Thesaurus home | subscription | feedback | about us | blog | widget | PAQ

[ %
Dictionaries Search Tools Puzzle Solvers Glossary Maker Quiz Makers My Wordsmyth
i Subscribe for ad-free
Comprehensive Lookup History Wordsmyth and more
DEctionary Suite Advanced Dictionary More results Display options Learn more
. - . lumen B =
lumen { Go | o X

Beginner's Dictionary

Intermediate Dictionary I u-men-
@ Advanced Dictionary

> pronunciation: lu men <3}
) Previous 1 .
e part of speech: noun
lumbricalis ) inflections: lumens, lumina
lumbricoid
definition 1: a unit of measure of the flow of light, equal to the flow from
a light source of one-candle strength, measured on a unit
) surface at a unit distance. (abbr.: Im)
luminance
iuminarizs definition 2: a hollow space, as in the bore of a hollow needle or In a
luminary bodily duct or tract.
luminesce -
|
i
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4 paticnt; who has clinical indications for the proce-
dure. A balloon-tipped catlieter is advanced Lo an
area Of coronary artery stenosis, the balloon is
inflated, and the balloon is then deflated and the
catheter removed. The patient must be pretreated
with aspirin, and the procedure is performed in serial,
logical steps to minimize risks and anticipate coni-
pli(:al:i(,)ns, demanding tocused attention by the
operator and the whole team. ) ‘

[t was necessary to gain a significant amount of
knowledge about the balloon catheters, size of the
original syringes, and pressures to ensure that the
dilating force applied to the vessel was the correct
amount.” In the beginning, the balloon catheters
were large, not steerable, and inflexible, limited to
accessing the coronaries, but these barriers were over
come in the mid-1980s with a diversification of the
halloon angioplasty catheters.

Three types of guidewire interactions were devel-
oped. The earlier work was done with an on-the-
wire (fixed wire) system,*** which was limited by an
inability to exchange balloons and by difficulty navi-
gating the coronary artery. The over-the-wire system
developed by Simpson and colleagues® in 1982 con-
sisted of a guidewire passed through the balloon
catheter lumen and independently guided down
through the lesion. This system had good steerabil-
ity, with the advantage that the balloon could be
removed, but it was limited by needing an extension
wire. Later, the monorail system™ consisted of a short
segment of catheter that slides over the guidewire,
allowing introduction of the balloon after the lesion
has been crossed without the need of an extension
wire.

Another relevant aspect of PTCA is balloon comn-
pliance. The earlier balloons used by Gruentzig were
made of PVC and were compliant. Subsequent
balloons were compliant or noncompliant.

Longer balloons were developed to intervene in
diffuse disease, serial lesions, lesions on a bend, or
“tacking-up” dissections. The balloon to be delivered
needs several favorable characteristics, including
an appropriate profile, trackability, pushability, and
lubricity. With experience, problems with the bal-
loons, such as rupture, poor intlation or deflation,
breakage, entrapment, or entanglement, became
evident.

Because of expanded use of PTCA in higher-risk
patients, such as those with multivessel disease, low
ejection fraction, hypotension, or cardiogenic shock,
the use of the intra-aortic balloon pump emerged as
an important adjunctive device.”

Guiding Catheters

The guide catheter used for PTCA significantly differs
from the diagnostic catheter. To perform PTCA, the
guiding catheter should be larger and have lubrica-
tion, allowing smooth passage of the balloon cathe-
ter. The guide catheter also provides the platform to
deliver a balloon in tortuous and often calcified coro-
Dary arteries.
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Balloon Angioplasty 277

Former guiding catheters were large (9.4 Fr) because
the balloons were larger than their modern counter-
parts. Initially, the balloon catheters were made of
polytetralluoroethylene (Teflon, DuPont Co., Wilm-
ingtor, DI) and were characterized by increased stiff-
ness.* Significant improvements in the performance
of guiding catheters have been possible with the use
of stainless steel braiding that was implanted in the
material of the shalt, improving torque control, and
very thin Teflon liners were added to the internal
lumen of the guiding catheter, enhancing lubricity.

Radiopaque soft catheter tips have reduced injury
to the coronary ostium, allowing more manipulation
of the guide catheter. Guide catheters provide out-
standing backup for balloor: transit.

Guide catheter selection is important. When taced
with complex lesions and heavily calcified and tortu-
ous vessels, the support that a guide catheter is able
to provide can make the difference between a success
and failure. If only balioon angioplasty is performed,
the need for guide support is less compared with that
required for stent implantation,

CLINICAL TRIALS OF PERCUTANEOQUS
TRANSLUMINAL CORONARY ANGIOPLASTY IN
CORONARY ARTERY DISEASE

Overall, the objectives of coronary revasculariza-
tion are the treatment ot symptoms (e.g., angina),
improvement in long-term survival, and prevention
of nonfatal events (e.g., acute coronary syndromes,
heart failure, arrhythmias). Although the risks of
serious complications are small, caretul patient selec-
tion. must be undertaken before proceeding with
PTCA. For instance, in the multicenter NHILBI
Registry of PTCA expericnce from 1985 to 1986 of
intervention in patients with single-vessel disease,
the incidences of procedure-related death, nonfatal
Ml, and coronary artery bypass grafting (CABG) were
0.2%, 3.5%, and 2.9% respectively.’

Initially, clinical and angiographic criteria for can-
didates for PTCA were very restrictive. Patients had
to have significant angina and considerable evidence
of myocardial ischernia, and be suitable candidates
for coronary artery bypass surgery, with preserved
left ventricular function; single-vessel disease; and
discrete, noncalcified, proximal stenosis. With these
criteria in the Coronary Artery Surgery Study (CASS),
only 3.7% of patients were eligible for PTCA."

The original indication for PTCA was for chronic
stable angina due (o single-vessel disease with pre-
served ventricular function,” producing high success
rates (>90%) for the treatment of simple lesions.” This
indication evolved, and the use of PTCA expanded
to many patients with coronary artery disease; ini-
tially, it was applied empirically, but later random-
ized trials confirmed its etficacy in stable coronary
artery disease.” The ultimate success of PTCA is
determined by patient characteristics, lesion charac-
teristics, technique and devices, and the physicians’
experience, underscoring the idea that PTCA is in
some ways an art to be mastered.
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mtcwcmlon without distal [)l()LC(tl()n [n most of

the patients studied (60%-80%),5¢
Lcsslully rerioved debris in the form of fresh throm-
pus, chronic thrombus, atheromatous fragments,
and cholesterol  clefts. Despile promising  initial
data, the use of these devices is not currently
recommended, and additional investigation is needed
pefore their use would become  routine  or
mandatory.

Future Trials

Future trials  should f{ocus on demounstrating
the impact of renal artery intervention on survival,
major cardiovascular events, hypertension, ancd
renal function. The role of EPDs and the benefit of
drug cluting  stents should be clarified. Scveral
ongoing trials should provide new insights into
these matters.

The Carchovascular Outcomes of Renal ,\tlely
Lestons (CORAL) trial’™® is a rancomized clinical trial
comparing medical therapy alone versus stenting
with medical therapy on a composite cardiovascular
and renal end point: cardiovascular or renal death,
myocardial infarction, hospitalization for congestive
heart failure, stroke, doubling of serum creatinine,
and need for renal rteplacement therapy. Effective-
ness of revascularization in iraportant subgroups of
patients, improvement in quality of life, cost-effec-
tiveness, and correlation between stenosis severity
and longitudinal renal function will also be analyzed.
The study will include 1080 patients with signilicant
RAS (at least 60% stenosis with 20 mm g systolic
pressure gradient or at least 80% stenosis with no
gradient necessary) and hypertension (systolic hyper-
tension of at least 155 mm Ly with at least two anti-
hypertensive medications).

'ne Nephropathy Ischemic Therapy (NITER) trial™
is an ongoing prospective, multi-center, randomized
trial that is comparing medical therapy alone (anti-
hypertensive, lipid-lowering, antiplatelet redica-
tions) with medical therapy plus renal artery stent
placement. The study includes patients with RAS
(70% or greater stenosis), hypertension, and stable
renal failure (glomerular filtration rate [GFR} =30 ml./
min). The combined primary end point indudes
death, dialysis initiation, or reduction of 20% or
more in the GER.

ASTRAL’® is another multicenter, prospective,
randomized, controlled trial that will include
about 1000 patients with atherosclerotic RAS treated
with  percutaneous revascularization  (balloon
angioplasty and/or stent placement) or best medical
therapy. The follow-up will be between 1and 5 years,
and the primary comparison end point is the rate
of progression of renal jailure. Secondary analyses
will include blood pressure changes and cardiovascu-
lar events. Prespecified suh;,wmp analyses will try
to clarify the influence of important baseline charac-
teristics on renal function outcome (e.g., baseline
renal function, severity of RAS, ultrasound renal
tength).

the devices suc--

enal Artery Stenosis

PECTS

A low-osmolar or iso-osmolar, non-ionic contrast
agent is sufficient for good visualization ot the renal
arteries. When DSA lddl()ghl[)hl( techniques are used,
the contrast can be diluted (heparinized saline) to
two-thirds strength and still produce a diagnostic-
quality angiogram. Carbon dioxide or gadolinium
may be used as a contrast agent to minimize iodin-
ated contrast use in patients with compromised renal
function (creatinine clearance <20 mL/min). However,
the 1magts procluced with these agents are not of
equal quality to those produced with the use of iodin-
ated contrast material.

Another alternative is to use a 111 combination of
gadolinium and an iodinated contrast agent. Carbon
dioxide is a reasonable optl()n for performing initial
aortography to identify the number and location of
renal arteries. Both of these alternatives, however,
result in a compromise in image quality.

Access Site

The femomi appx(mh is usui in most cases (>90 0’)
and some centers prefer to use contralateral access
to the renal artery to be ticated. Occasionally, upper
cxtremity access (e.g., brachial approach) may be
used in case of caudal takeoff of the renal artery,
severe bilateral aortoiliac disease, or infrarenal
abdominal aortic aneurysm.

Diagnostlc Procednre

Usually a 4-, 5-, or 6-Fr shcam is used \/Iany dutt 1018
prefer to use lun;,el sheaths (23 cm) with radiopaque
tips. For the aortogram, a S-Fr Omuniflush, straight
flush, tennis racquet, or a pigtail catheter may bv
used. The catheter should be configured in the infra-
renal abdominal aorta to minimize the likelihood
of renal atheroembolism. The pigtail catheter and
straight flush catheter sometimes result in more
cep halu contrast jnjection, which could opacify the
superior mesenteric artery and potentially obscure
visualization of the renal arteries. The Onminiflush
catheter was designed to avoid this problem. The top
of the flush catheter should be placed at the level of
the superior margin of the first lumbar vertebra (1.1)
fot opmnal nna;,mg An alternative anatomic land-
mark is the superior apex of the left kidney, assuwmuing
that the right kidney is lower. DSA radiographic tech-
niques should be used. The aortogram gives an idea
about the configuration and the presence of pathol-
ogy in the aorta. [t identifics the number and locu-
tion of renal arteries on cither side and atlows the
operator to make an appropriate catheter selection
for selective renal acterv e ngagement. Il a previous
aortogram or renal angiogram is available for review,
this first step should be skipped in the interest of
reclucing contrast volume and therefore minimizing
the risk of contrast nephropathy. Previously deployed

=
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stents can also be used as reference to proceed directly
to selective engagement of the renal arteries.

To selectively engage the renal arteries, a 4- to S-Fir
diagnostic catheter at least 80 cm long is usually
used. The shape of the catheter selected depends on
the anatomy of the aorta and geometry of the takeof(
of the renal arteries. Catheter shapes available for
renal use include the Judking right catheters (e.g.,
JR4), internal mammary catheter, renal standard
curve catheter, renal double curve catheter, Cobra
catheter, and SOS Omni Il catheter (for difficult
angulation). Great care should be exercised in manip-
ulating a catheter in the region ot the renal artery
ostium to miniinize the likelibhood of atheroemboli
ot dissection complications. Occasionally, a 0.014-
inch stecrable medium- to high-support guide wire is
used to traverse the extraparenchyinal length ol the
renal artery before performing selective angiography.
This tends to hold the catheter in place and prevents
the diagnostic catheter from backing out during
injections. It also allows for convenient subsequent
intervention. Once the selective diagnostic catheter
is in the renal ostiumn, a gently ramped but brisk
hand injection of a srall volume of contrast material
can be administered, and imaging should be contin-
ued until the nephrogram is seen in its entirety.

In terms ol angiographic views, the preference
varies among different institutions and physiciaus.
Shallow ipsilateral oblique projections (10-20 degrecs),
straight posteroanterior (PA) projections, and shallow
contralateral oblique projections have been used.
However, an adequate perpendicular view to the
plane of the renal artery and aorta is preferable
to assess the severity of the lesion or lesions. A
cross-sectional image obtained by CTA or MRA can
sometimes provide a good estimate of the necessary
angle.
fnicrestional Prococdere
Several guiding catheler shapes may be used (e.g.,
hockey stick, internal mammary artery, JR4, renal
standard curves, multipurpose, SOS Omni 1), usually
ina 6- or 7-Fr, 65-cini size. ln the telescoping tech-
nique, the diagnostic catheter is introduced through
the guiding catheter, which enables subsequent
atraumatic engagement with the guiding catheter
over the diagnostic catheter for proceeding with
intervention. Alternatively, the “direct engagement
techrique” may be used. [n this technique, the cath-
cter is primarily advanced into the ostium, which
may result in trauma and embolization. A variation
of this technique is the “no touch” technique, in
which the tip of the guide catheter is placed near
the ostium of the renal artery using a 0.035-inch
guide wire, avoiding direct contact between the tip
of the catheter and the ostium of the renal artery.
Once the guide catheter is in the vicinity of the renal
artery ostium, a 0.014-inch guidewire is used
to engage the artery. The guide catheter can be gently
advanced using the 0.014-inch  guidewire as a
monorail.
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Presently, there is a trend toward the use of 0 g4,
inch guide wites, balloons, and stents in percutap,.
ous renal revascularization. This trend openg th’e
wide range ol coronary wires, balloons, and stentg to
the renal intervention arena, in addition to equip-
ment specilically designed for venal artery interye,.
tion using the 0.014-inch plattorm. Alternative)
0.035-inch or 0.018-inch guide wire platforms ma};
be used with the appropriate balloon and steqy
system. Hydrophilic guide wires should be used onj
when difficulty crossing the renal ostittm is encouy.
tered due to the risk of dissection or perforation,
Once the hydrophilic wire has been used to accom.
plish access, it should be exchanged for a differeny
wire with a nonhydrophilic tip.

Monorail (rapid exchange, RX) balloons are pre.
ferred when using a 0.014-lnch system. Alternatively,
over-the-wire (OTW) balloons with a short shaft may
be used. Generally, balloons 3.5 mm to 4 mum in diam-
eter and 8 to 15 mm in length are used for predilata-
tion ot a renal stenosis. Sorme centers use as reference
I mumn less than the apparent normal vessel diaineter
to chioose the predilatation balloon diameter. Smaller-
diameter balloons may be required for initial angio-
plasty tor a high-grade stenosis, large voluime plaque,
or subtotal occlusion. Longer length balloons may
create an unnatural force ou the renal artery and ulti-
mately cause spasim or even dissection. OTW balloons
may be useful for exchanging wires, especially il the
initial wire used was one with a hydrophilic tip
(although these wires are generally to be avoided).
Postdilation balloon size sclection varies depending
on the size of the artery and stent. However, it i5 a
good idea to have balloons between 4 and 8 imnm in
diameter available (bearing in mind that rmany 8-mm
balloons do not fit through a 6-Ir guiding catheter).
Systetnatic postdilation is recommended after deploy-
ment of ostial stents in order to flare the proximal end
of the stent at the ostium into the aorta.

Balloon-expandable stents are used and are genes-
ally available in lerigths of 12 to 20 mm and in diam-
eters of 5 and 7 mm. Self-expanding stents have been
used in to treat midsegment lesions but are not rec-
ommended for ostial or proximal renal artery lesions.
Although stents with an open-cell design have more
flexibility, those with a closed-cell design are pre-
ferred because they provide, in general, the most
radial strength at the renal ostium. In most cases, it
is essential to ensure complete coverage of the renal
ostium, and sometimes the proximal stent will have
to extend back into the aorta by 1 to 2 mm in a
segment (arc) to achieve full circumtereatial coverage
of the renal ostium.

EPDs may be used, but they are not cutrently ran-
datory nor recomumended. If the operator decides to
use such a device in a patient considered to be at high
risk for embolization, essential technical aspects must
be kept in mind. An adequate landing zoune for che
EPD must be present downsiream of the target lesion.
The EPD must be of adequate diameter to appose the
entire circumference of the renal artery (coronary
distal protection devices may not be large enough to
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ensure complete vessel apposition). Eacly branching
of the main renal trunk is highly unfavorable tor the
use of an EPD. 1t is useful to have a monorail version
of the EPD available for use in the renal artery. On
rare occasions, a “buddy” 0.014-inch wire is used if
there is difficulty navigating through the lesion or
the length of the artery. In the presence of a critical
lesion, predilation may be necessary to safely advance
the EPD.

[n terms of the use of procedural anticoagulation
and antiplatelet medication after the procedure, there
is a paucity of scientific evidence. Many centers
start antiplatelet aggregation monotherapy before
the intervention. During the procedure, intravenous
heparin is uased as anticoagulation therapy and is
titrated to maintain the activated clotting timne (ACT)
between 250 and 300 seconds. The use of glycopro-
tein [b/Illa inhibitors is not recommended, but
they have been used in cases of acute thrombosis.”
Bivalirudin was used in a prospective, single-arm
study that showed it to be a safe alternative in terms
of procedural anticoagulation.” Dual antiplatelet
therapy (aspirin and clopidogrel) is currently used in
many centers. The rationale for use of most of these
therapeutic agents is extrapolated from coronary
trials.

Complications and Follow-up
The equipment used to perform percutaneous renal
artery revascularization has changed dramatically in
the last decade, and the procedure has become safer
and more reliably successtul. However, deterioration
in renal function is still the most important compli-
cation of the procedure and can be multifactorial
(e.g., contrast toxicity, embolization, incorrect patient
selection). Every eftort should be made to avoid using
an excessive volume of contrast malerial, and great
care should be exercised in the manipulation of
catheters and devices to reduce the risk of contrast
nephropathy and embolic debris resulting in renal
parenchymal damage. Both of these goals can be
achieved by avoliding bilateral renal artery interven-
tions in the same procedure. Other complications are
less frequent but should also been kept in mind,
because they can result in mortality and contribute
to renal function deterioration.

Atheroembolism or thromboernbolisin to the distal
renal artery branches: if embolization s documented
during the procedure; treatment depends on the
distal extent of the embolization. A more proximal,
branch vessel embolus can be aspirated with com-
mercially available aspiration catheters. A more distal
ot parenchymal-level embolus is more difficult to
treat or manage. Infusion of a glycoprotein [Ib/1lla
nhibitor ray be used on a theoretical basis, but no
direet clinical data exist to support its use in this
setting.

Occlusion or thrombosis of renal artery: Either occur-
®nce is another potential indication for the use of
glycoprotein 11b/lla inhibitors and thrombectomy
devices,

Renal Artery Stenosis

Renal artery dissection: If this occurs in the ostium
or proximal artery segment, it should be treated by
placing a stent. If a dissection occurs in a more distal
(extraparenchymal) artery segment, then balloon
angioplasty is the best option, because stent implan-
tation compromises any possibility of a successful
bailout surgery (though surgery usually is not an
option if a distal bypass target is no longer present).
If dissection occurs in a more distal (intraparenchy-
mal) artery segment, only undersized balloon angio-
plasty is possible, because more aggressive angioplasty
or stent implantation risks injury to the surrounding
renal parenchyma.

Renal artery/aortic perforation: FExtra caution and
care is mandatory when stenting a renal artery adja-
cent to an aneurysm in the renal artery or aorta.
Oversized stents or aggressive post-stent dilation
should be avoided. Patient-reported flank pain during
balloon inflation is usually a sign of reaching the
maximum sate luminal diameter of the target artery,
and turther inflation ts not recommended. The flank
pain is the result of stretching the pain receptors
located in the adventitia of the target artery segment,
if a renal artery perforation does occur, a prolonged
balloon inflation and/or reversal of procedural anti-
coagulation can safely treat a small perforation. In
the setting of a larger perforation, a covered stent or
a perfusion flow-balloon may be useful, and antico-
agulation should be reversed. Surgery is a potential
option for treatment of a larger perforation or a per-
foralion that is not responsive to endovascular treat-
ment. To maximize the benefit of the surgical option,
early communication with a skilled surgeon is
necessary.

Parenchymal  perforations/perinephric  hematoma/
retroperitoneal hematoma: Extra caution and care are
mandatory when using hydrophilic coated or stiff
guide wires. The distal tip of the guide wire should
not be allowed to migrate out to the level of the renal
cortex. Guide wire migration out to the level of the
renal cortex increases the risk of distal artery perfora-
tion. Hemorrhage at this level can be intraparenchy-
mal or extraparenchymal. Hemotrhage at either level
results in local tissue injury and hydraulic tissue
dissection, creating more sources of hemorrhage.
[t a distal artery perforation is noticed during the
procedure, anticoagulation should be reversed and
consideration made for temporary proximal flow
occlusion with a balloon to control the hemorrhage.
If proximal flow occlusion and reversal of procedural
anticoagulation is unsuccessful in controlling the
hemorrhage, prompt microparticle or microcoil
embolization at the site of hemortrhage may be per-
formed. If efforts at controlling hemorrhage are
unsuccesstul, the patient will require emergency
surgery to control the hemorrhage and decompress
the accumulated blood and clot. The risk of nephrec-
tomy in such a circumstance is high.

Stent ernbolization: Dislodgement of the stent from
the deployment balloon platform occurs less fre-
quently with premounted or manufacturer-mounted
stents compared with hand-crimping of a loose stent
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Tassilo Bonzel

Introduaction

By virtue of the imnpetus engendered by his courage and
piloneering spirit, Andreas Gruentzig not only developed
anew method of medical treatment, but he also inspired
and motivated numerous curious young researchers anc
physicians. They worked with and began to improve the
simple mstruments that Gruentzig had to make do with,
which, in retrospect, appear so rudimentary. So did I.
Mulling over the problem and pencilling in ideas on a
sketch block ultimately resulted i the frst prototype
model that was tested on my kitchen table. How impati-
ent were my wife, Helen, and I when the first prototypes
were locked away over Christmas and New Year 1984/
85 in the closed custom office in Freiburg and we had no
access to them. It is also remarkable that the really semi-
nal ideas came from the physicians using these instru-
ments and not from the engineers who afterwards
developed the technology. The physicians knew what
was needed and what had to be improved. The develop-
ment work was mostly carried out by young companies
with just as much pioneering spirit, in this case at the
Schneider Company in Zurich. The development of
the monorail technique is exemplary for successful
implementation of an idea born out of practical experi-
ence until it became the accepted standard.

In the interest of clarity, [ should like to draw attention
to an exceptional feature. R elatively “simple” modifica-
tions to existing balloon catheters for the construction of
a monorail catheter led to crucial changes in their applica-
tion and handling. This in turn prompted a large number
of new diagnostic and therapeutic catheter applications.

The technical situation 2t the onset of
coronary intervention
Gruentzig’s objective was to dilate arterial stenoses. The

essential idea was to use an inelastic inflatable cylindrical
balloon that could be deflated again (1,2). The intention

;'TC;? e TYIFE )
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was to compress the material that had given rise to the
stenosis i the wall of the artery. For this purpose,
the balloon was fixed to the tip of a long dual-lumen
catheter: it could be filled with fluid under high pressure
and dilated. The result of the dilatation was determined
on the basis of the pressure gradient across the stenosis
that was measured via the second lumen filled with
saline. At that time, x-ray technology was still poorly
developed and the imaging of the coronary stenosis was
often unsatisfactory. Initally, Gruentzig used catheters
with such balloons in predominantly straight peripheral
arteries, e.g. in the legs. He also aspired to use these cathe-
ters in life-threatening coronary stenoses. Although he
revolutionized the treatment of coronary heart discase
(3), it soon became apparent that, despite individual
improvements, the catheters tested on peripheral vessels
were not well suited for the coronary arteries since these
arteries are far away from the site of puncture, have a tor-
tucus course, and branch off,

The first catheters that were made specifically with
coronary arteries in mind were the balloon catheters
developed by Simpson with an independently movable
wire running the entire length of the catheter (4). The
curved tip of this wire was J-shaped and was fitted with
a soft Hexible spiral. Such a “coronary catheter system”
could be manoeuvred into the main branches and side
branches of the coronary system by rotating and advan-
cing the wire and pushing the balloon behind it. The
Lmportant stipulation of cardiologists with regard to
steerability was thus fulfilled, while it remained possible
to measure the gradient.

Gruentzig’s successtul principle of an inelastic cylindri-
cal balloon for dilating the stenosis required balloons of a
diameter exactly corresponding to the width of the ste-
nosed vessel. However, at that tirme, the balloon materi-
als were not very far advanced, so thar a balloon that had
to withstand 12 and more atmospheres pressure was dif-
ficult to fold up to a very small cross-section when
empry. First of all, a balloon of small diameter was used
tor predilatation in very narrow stenoses and later
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exchanged for a larger balloon. The stenosis that had in
the meantime been trawmatized by the predilatation had
to be located once again and passed for a second time,
entailing a high risk. [n order to avoid this, Kaltenbach
lengthened the steerable guide wire to 3 n1; he left it in
the coronary artery during the exchange of the balloon
catheter in such a way thae the tip reliably remained
beyond the stenosis (5). This method was a wajor
advarce, but required lengthy fluoroscopy times during
the exchange ot the balloon catheters, the presence of at
least one assistant, and a great deal of skill in keeping the
tip of the wire in place a lew millimetres distal to the ste-
nosis, while the balloon catheter was pushed and pulled
along the 3 m long wire.

This met the requirement of a second principle that is
important for the coronary arteries, the exchange cap-
ability of balloon cathceters.

iy 2
T'he monorail conce >t

Early in 1980, 1 new biplane Huoroscopy device for
cardiac catheterization, the first Blangioscope C from
Stemens, was foresightedly put into service for the
upcoraing dilatations by Professor Just, the head of
the cardiology division ar the University of Freiburg.
We could thus at last identity the terrain of corvonary
angiography under fluoroscopy and start coronary dila-
tation. The ramus interventricularis anterior (RIVA)
stenosis of the tust patient was dilated at the beginning
of May 1980 with a Gruentzig catheter,

After introduction of the steerable coronary catheter,
we also discovered the advantages of the long wire
technique in Freiburg and made every effort to meet
the demands posed by the long wires. As important as
the exchange of balloon catheters may have been at thac
time, this cumbersome long wire technique was all we
could conceive at the time. We had to find something
betrer.

I Ustened to the first international presentation of cor-
onary dilatations by Andreas Gruentzig at the meeting of
the American Heart Association in Miami in November
1977 with great fascination, but also with scepticism.
Gruentzig presented four successful dilatations with his
first coronary balloon catheter system. The procedure
was looked on as a cuntosiey, and the Gruentzig lecture
was regarded as an insicer’s up for cardiologists familiar
with catheter techniques.

[ had made the journey to Miami from Syracuse,
where [ had learned to perform cardiac catheter investi-
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gaton under Protessor Gensing, a ploucer and expert in
diagnostic coronary angiography. In Gensind’s depart-
ment, among other people [ met were Sones and Fava-
loro. Meanwhile, Sigwart was conducting the first
dilatations under the direction of Professor Gleichmann
at my home hospital in Gerrnany, at the Gollwitz-Meier
Institute 1 Bad Oeynhausen, from where [ had started
my journey to America. From 1977 to 1980, coronary
dilatations passed through an experimental phase in Ger-
many (where it was controlled by Gruentzig) and a few
other centres elsewhere in the world. In 1980, the level of
expericoce appeared to be sufficiently high for the
method to be released tor use in further centres where
the necessary instruments were avatlable. At that time,
thete was a danger that the still very imperfect coronary
dilatation would be so discredited by complications
caused by ill-considered application that it would be
stopped by the influential critics who publicly rejected
this method. For the cardiologists working manually
with the catheter, coronary dilatation and all the conco-
mitant phenomena of chis ploneer period exerted a
strong fascination and tuelled their desire to promote
improvements with ideas of their own.

We must recall that the development of the major
components important for the success of coronary dilata-
tion, Le. the guide wire, the balloon catheter, and guide
catheter, were not very far advanced. The profile dia-
meters of the components were large, and injections of
contrast meditm were correspondingly difficuls. The
stability, torqueabilicy, and kink resistance were unsatis-
factory. Simoothening of the surfaces with lubricant sub-
stances was unknown. All individual steps were therefore
more laborious and tme-consuming and entailed greater
risks. [n practice, steerability and exchangeability were
possible, but were often so imperfect that an operation
could not be carried successfully to completion, for
example because the wires slipped owing to the high
frictional forces aind a partially dilated stenosis could not
be passed again when dissection started.

These shortcomings of materials and a lack of
experience entailed major risks to the patients. These
risks could not be substantially reduced even by forming
good teams well versed in the exchange of balloon cathe-
ters (in Freiburg, with Wollschliger and Wink). It was
against this background that I was looking mtensively
in 1983 for possible means of exchanging balloon cathe-
ters easily and safely.

[ used to think about this problem night and day. The
best ideas come to me at night when half asleep, when
out walking, or at concerts. Intense reflection led to the
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following question: why does one need a guide wire
with a length of about 3 m o exchiange » balloon? The
answer was because the operator could no longer hold
the end of a normal wire about 170w fong when the
shaft of the balloon catheter was retracted oue of the
body. This simple experence accorded with the principle
of the coaxal procedure, which was firmly established at
that time as standard in any kind of catheter nvestiga-
tion. Fven today, this rematns the conventional approach
in most wnvestigations. Nevertheless, a better solution
was not to exchange or to lengrhen the wire, but wo alter
the catheter shaft in such a way that the wore could still be
held in the hand even when the catheter was being
retracted. Por this purpose, one would have to opert up
the tube of the catheter shatt, so chat the shatt would no
longer coaxially envelop the wire, bat run in parallel to
the exposed wire.

The convenuonal coaxial principle was therefore
abandoncd. Starting from the proxamal, one could
open the shatt as far as to reach the balloon: the bal-
loon catheter then has only a short distal coaxual seg-
ment which runs on the guide wire. In the exoreme
case, this segment may be as short as the balloon (Figunre
14.1). 1 have termed such a balloon system a “sliding
rail” system (6,7). Later, the term “monorail” was coined
by Bernhard Meier, who was in Geneva at that time
(Figure 14.2).

The alteradon in the construction of the catheter
brings about major changes in the procedure. The guide
wire and the balloon catheter are introduced separately.
There are appreciable advantages m fivst advancmg the
standard-length guide wire and threading w across the
stenosts; it can be moved with little triction within
the targe-diameter yuding catheter. [ealso leaves enough
space for injectnons of contrast medium (Figure (4.3)
and betore passimg the stenosis it can be casily retracted,
exchanged, and given a new curve, so that it s quick
and easy to handle. When the tip of the we has passed
the stenosts, the monorail catherer is loaded onto the
proximal end of the wire, on which it slides through

Firse trechand skevch of the shdmg vl balloon

Figure 14.1

coronary dilatacion carheter (later “monorall”), drawn in
1983, "The purpose of this drawing was to explain the
functioning of the invention, i e sliding ot ehe balloon on the
(nonnat length) guide wire pushed by the shaft,

Pigure 14.2

Early promotional poster depicang a

mounorait balloon catheter system with typical side opening
tor the guide wire exiv and the “Monoral Train”

in Vancouver. The terut “tonorail” was the idea of
Bernhard Meier.

the body of the patient o the coronary artery and
wito the stenosis.

[n a similar way, the balloon catherer can be retrieved
again and exchanged for a new one. The guide wire can
be held in the hand at any time dunng the advancement,
reraction, and exchange of the balloon catheters. The tip
of the guiding catheter can also be kept securely in place
distal [rom the stenosis. The only function of the shaft of
the balloon catheter now 15 to advance and to retrace as
well ds to fll and empty the balloon over a hollow
space. The cross=section ot the shaft s thus reduced, Le.
the shaft becomes thinner. More space 15 left in the guide
catheter, so that injection of contrast medium is facili-
tated and imaging of the stenosis can be improved; mun-
raturization ot the svsterns can also progress. Standard
guide catheters had been reduced 1o size from 9 French
to 5 or 6 French in the meantue, which corresponds to
a reduction n cross-section by about 70% or 55%

After | realized that it was not necessary to lengthen
the wire but rather to open the shaft of the catheter in
order to cnable 1 fivan hold on the standard-lengeh ware,
everything fell into place. The pracueal significance of
the idea came to me immediately: [ was exated from
that first moment onwards.
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ab _ traing in diagnostic cardiac catheter investigations at
! three large centres in Germany and the USA. However,
! : I had had no experience in the practical implementation
o ‘e of innovative t(‘_‘(,‘l‘l‘Il‘i(j;‘(l ideas and patent application. The
e PO 1 “Patentstelle” (Patent Office) of the Fraunhofer Socicty
bites o §f'§ i"; : in Munich had been suggested as a potential source of
; o i s information and assistance. The Patentstelle quickly
Lo declared their readiness to promote the patenting process
f and recommended Dr Rackette in Freiburg, a physicist
o and patent attorney, to take care of the legal side. With
' Dr Rackette’s help. the patent was filed at the German
Patent Office in Munich at the end of 1984, so that the
mvention could be offered to 2 company spedializing in
Pz @ Fr b cardiac catheter technology.
GH s JGE il
¢
' 1o of the invention
o [ informed two companies about this invention to
improve coronary dilatation. A member of the field
statl of one company tried in vain to make an appoint-
ment for me to present the new invention at its Furopean
Frlfr head office. This company wanted to know the details
Gtz & F ‘I in advance, which I was not prepared to communi-
2 cate. Knowing Heliane Canepa, and with the help of
1. Mr Hoéhmann and Mr Widensohler of ADD Krauth,

R O A T
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Figure 14.3  Intluence of the shaft thickness of « coronary
balloon catheter on the size of the remaining guide catheter
lumen in over-the-wire catheters (A, B) and monorail
catheter (C). Qnginal figare with the catheter dimensions
that were usual in abour 1984, The space for How of contrast
medium s very much greater in the guide catheter enclosing
the monorail catheter (C). K == guide catheter,

DK = balloon dilatation catheter.

Application for a patent

I had, at that time, been involved in coronary dilatation
for six years. Supported by the head of the cardiology
division, Protessor Just, [ had performed dilacations for
three years i conjanction with Protessor Wink and Pro-
fessor Wollschliger. [ had received dhorough and sound
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Hamburg, distributors of Schneider products, [ had the
opportunity to present my new invention to the Schoei-
der Company in Zurich in 1984, only 14 days after
registering the German patent. The tirst Gruentzig cathe-
ters were made by hand by Schneider. Schuneider has
played 2 major role in supporting and promoting all
catheter developments in Europe, and the Company
has prospered.

Heliane Canepa, the executive director of Schneider,
developed an exceptional style of personal communica-
tior: with eminent interventional cardiologists in Ger-
many and Lurope and later in the USA. Particularly
fascinating in these years was the flexible approach to a
profusion of new ideas and technigues, which could be
put into practice within a short time when they were
found to be good. The important creative engineers at
that time were Eugen Hoffinann and Werner Nieder-
hauser, Eugen being responsible mostly tor balloons and
Wemer tor guide wires. At a convivial conclusion to one
of the PTCA courses by Gruenezig and King in Adanta
in April 1982, T became friends with Ms Canepa. This
began with a deal: atan informal get-together undler the
sunny skies of Atlanta, Andreas and Spencer wore fun
T-shives of the lab staff with the question: “Whoever

e
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arc Andreas Gruentzig and Spencer King?” printed on
them. I was really desperate to have one. Heliane replied,
“If you promise to take your next idea to Zurich .. ",
She came back with the T-shirt after two hours and I
came back with the monorail after two years.

At the end of 1984, atter the presentation of the inven-
tion in Zurich, Heliane Canepa and Eugen Hoffmann
were cautiously optimistic. I received the first prototypes
six weeks later. Together with Helmut Wollschliger, 1
was able to treat the first patient in Freiburg in spring
1985 and the small series of patients usual at that time in
the summer and autumn of that year. In spring 1986, the
monorail catheter and the results obtained in patients
were presented at the PTCA course organized by Bem-
hard Meierin Geneva. Interest was enormous, yet doubts
were cast on its practicability. In the next few years,
expertence with monorail catheters was communicated
in several publications (8--11).

sastraction =ad pracdcal application
Three distinctive constructional features of the monorail
catheter were intensively discussed for a long period.
Firstly, initial scepticism centred on pushability and stabi-
lity in the transition from a thick double-lumen shaft to a
thin single-lumen shaft. In mv view, this was merely a
matter of engincering technology by making use of
appropriate combinations of materials. Hartzler was
very successtul with his single-lumen slim balloon cathe-
ter for a long time without anyone doubting its push-
ability. [n present-day monorail catheters, pushability
(which is still greater in thicker over-the-wire catheters)
is no longer a problem because of the improved materials
available.

Secondly, the oprumal length of the remaining cathe-
ter lumen which slides along the guide wire was dis-
cussed. At times, maximum lengths of about 30 cm to
40 cm were offered, but finally the length was settled at
15 cm to 25 cm, a length at which the balloon slides well
on the wire and is casy to exchange.

Thirdly, dispensing with measurements of pressure in
the coronary artery distal to the stenosis gave rise to
much scientific discussion. It is possible to inject fluids
via a guide wire lumen running the entire length of the
dilatation catheter, but also to transfer pressure to a man-
ometer. The catheter tp is distal to the stenosis. The
transstenotic pressure gradient can therefore be mea-
sured, so that the result of dilatation can be appraised
hacmodynamically. If a pressure gradient is no longer

measurable, the dilatation has been successtul, With the
slow flow of contrast medium and the initially poor reso-
lution of fluoroscopy, this pressure measurement was
umnportant. However, as a result of the thinner monorail
catheter shaft, imaging the stenosis was no longer a pro-
blem in consequence of the better flow of contrast
medium through the guiding catheters into the coronary
artery. Imaging reflected the results of dilatation more
precisely than pressure gradient measurements on their
own. x-ray systems were substantially improved at
the beginning of the 1980s, so that small anatomical
structures or wires of about /10 mm in size could
also be readily discerned and the details of coronary
angiography and dilatation in the x-ray 1image could be
immediately appraised (12). The further development
of x-ray technology was also an important prerequi-
site for the introduction and widespread acceptance of
coronary dilatation.

The corsequences ol these changes for the coronary
dilatation procedure — improved stecrability of the bare
guide wire, 1mproved tlow of contrast medium with
better imaging and thus better appraisal of the result, and
of course the quicker and safer investigation owing to the
rapid exchange of catheters — were not always immedi-
ately apparent to many experienced cardiologists. I recall
a long discussion in Atlanta with Riclard Myler during
one of the PTCA demonstrations about the advantages of
distal pressure measurements or angiography alone to
analyse the results of dilatation. This critical discussion
was tollowed with great interest by the audience.

Other applications of the
monorail techniyue

In view of the simple and easy handling of the monorail
technique, this method was soon used for other kinds of
catheter also. Once a guide wire has reached a distant
target vessel, very diverse instrurnents can be introduced
via this sliding rail. These include various therapeutic
catheters, but also numerous diagnostic catheters which
provide anatomical or functional information on healthy
and diseased coronary arterics (Table 14.1). As an exam-
ple, multifunctional probing catheters may be employed
for distal injection of medication, to measure pressure, or
to exchange wires, particularly in the coronary arteries,
and can thus also be used for physiological investigations
(13). Pertusion systems have been used to actively inject
oxygenated blood into a coronary segment distal to an
acutely occluded coronary artery (14). The principle of
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Table 14.1  Mononail-type coronary catheters for a variety of applications as developed by Schncider Medintag AG,
Zurich after 1985.

Monorail coronary catheter Year Application

Balloon 1985 Stenosis dilatation

Pressure monitoring 1987 Transstenotic fluid pressure gradient (3 French)
Perfusion 1937 Active transstenotic haemopertusion (4 French)
Balloon distal pressure 1987 Dilaration and transstenotic fluid pressure
Doppler 1038 Trangstenotic fluid pressure and Doppler distal low velocity
measurement (20 MIHz)
Magnarail balloon 1984 Monorail balloon for magnum wire (recanalization)
Magnarail probing 1989 Total occlusion recanalization support
Speedflow 1992 Monorail perfusion catheter {modified original CPC Mainz pertusion
catheter)
Mulrifunctional probing 19944 Guide wire exchange, distal tluid pressure measurement, distal drug or
dye injection, probing/recanalization
Bypass Speedy 1995 Bypass dilatation, special length (160 cin) and large balloon
(up to 6 min)
Chubby 1995 High pressure stent post-dilatation [
Medina muitifunctional 1995 Adjustable balloon length (Inventor: Dr Medina) '
Centring balloon 1996 Brachytherapy catheter

Monorail Magic Wallstene 1997 Self-expandable stent systern

passive autotransfusion with an additional inner lumen like to mention some interesting modifications which

has been applied to monorail balloon catheters (15). mostly involved the wire and not the balloon catheter. ;
» . - . . . . . - . g

[n the “magnarail” system, monorail and magnum tech- By mounting a wire extension, it is, for example, possi- ‘
. . o ) . . . . R . {
niques are combined (16,17). All the above techniques  ble to switch from a monorail to a long wire teclinique -

have been used in medical praxis. One of my ideas
never rcalized, however, is a double-walled monoral
balloon catheter for extended autoperfusion or tempor-
ary stenting (Figure 14.4). The monorail technique with
normal-length guide wires also favours the use of differ-

ent diagnostic and therapeutic guide wires with special

features (Table 14.2). S
The monorail technique has proved to be less favour- oo

able for devices with rotating axes, including the rotabla-

tor catheter and the Simpson atherectomy catheter,

Recently, the diagnostic instruments most frequently

used with the monorail technique have been the ultra-

sound catheter tor producing two-dimensional and

three-dimensional images of the lumen and vascular
walls (IVUS) and embolic protection systems from dif-

- o . " Figure 14.4 1986 draft of an autoperfusion monormil-tyve
ferent companies (Table 14.2). [n addigon, the mono- ‘ & . b . D
. . . S . balloon catheter for temporary stenting of predilaced
rail technique is frequently applied in extracranial and , ; : o
. . ; o . coronary segrents, ¢.g. in cases of occluding dissection.
intracranial vessels of the neck, where it is particularly ) L . i , o
| Longitudinal and cross-section. Noce the double wall {3),
ac VJI‘ltclgCOLL\ ] . ) , ) dettated via the catheter shaft (11). The large central space (9)
After inroduction ot the monorail technique, further iy indwelling guide wire (1) allows unintersupted blood
variants were suggested from various quarters inorder €0 flow over an extended time period. Example of 2 system
simplify the exchange of catheters with guide wires of  which was never realized duc to technical difficuities and the

normal length or with the long wire technique. Lshould  arrival of metal stents.

S ]
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Table 14.2 Selection of diagnostic sensor and unaging
devices favouring the application of the monorail technique.
The major advantage is the case of sequential exchange
of'special devices, balloons, and stents over a varicty of
normal-length guide wires for advanced diagnostic and
therapeutic purposes.

Catheters:

Angioscopy
ntravascular ultrasound
Thermography

Guaide wires:

Pressure svives tor transstenotic pressure gradients and
fractional flow reserve

Flow veloaty wires for covonary flow and flow veserve

Frabolic protection systems

(18, 19).
Sug 4 estion was based on the use of a magnet. A segment

An intriguing and also functiomlly eftective

“the guide wire was magnetized. When replacing the
Cntheter, the wire was held with the magner placed out-
side the balloon catheter shaft containing the wire, The
purpose of another inventon was to attain mechanical
replacement of the catheter using the long wire techni-
que. For chis purpose, the coustruction of a machine
with a complicated cogwheel system was suggested
(19). Only the wire extensions have become established,
probably not least because the vemaining techmiques
were either oo complicated or too expensive, or both.,
Albeit, these inventions underscore
quick cacheter exclhange.

Over the years, the carly development ot catheter
techuique betore the beginning of coronary iuterven -
tion was vestigated assiduousty frotn varions angles
(especially in terms of patent law) (20). None of the
numerous examples cited fulfilled the criteria defining
Yprecursor rechnwques” for coronary (or sirnilar) inter-
ventions. However, [ should like to give one example
as a result of these investigations. Bjorn Nordenstrom
was a pioneer of the catheter technique with a prodig-
ous number of good ideas. He was the first to aban-
don the conventional coaxial techuique, as carly as
1962 (21). He simplified the introduction of diagnostic
catheters through the skin by exiting 4 gude wire via a
lateral opening of the catheter, so that the wire and the
catheter ran in parallel over a short distance. "The “non-
coaxial” introduction was doubtless 1 good idea, but
this technique was not developed further and was even-

tually rorgotten.

the unporcance of
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At the beginning of the 1990s, the defated profile of
coronary balloon catheters becanie so low, owing to the
use of impmvvd materials, that even very narrow ste-

roses could be passed and dilated with a balloon of the
target size ainwed for. This initially reduced the need to

cxchange balloons. However, the use of stents has also

increased very rapidly since 19900 As was proved by
IVUS studies,
ideal diameter was of g

tie precision of stent dilatation up to an
great impottance for the rate of
thrombosis and the ;th‘. of restenosis. At least two cathe-
ters bad to be changed i ultrasonographically moni-
tored stent implancation: tust of all, predilatation was
carried out with one balloon, the stent was then inserted
with a second balloon, and finally the posidon of the
stent was checked with an [VUS catheter. I necessary, a
high-pressure balloon was used to attain extra dilatation
of the stent. In any event, rapid exchange of the catheters
was an important prerequisite for the development of
stenting (22). This also applied to self~expanding stents,
which can also be implanted using the monorail techni -
que despite thetr coaxaal design.

yction of the ooovul iecheique (o

€

soelominent of Intcvvensionaad oo

'ty copecindly corenary trearn
Gruentzig’s basic concept for dilatation of coronary ste-
noses with a cylindrical balloon was changed just as little
by the invention of the monorail balloon catheter as it
was by the titroduction of the manocuvrable catherer
by Stmpson or the long wire technique according to Kal-
tenbach. The merits of the monorail concept consist in
the maunitold improverments of the process of coronary
intervention. But, of these improvements, the monorail
catheter n particular brings an impressive sunplification
of the vanous steps in coronary dilatation. Furthermore,
the monworail techuique enables the use of various sup-
plementary  diagnostic or therapeutic instruments in
coronary (or other vessel) dilatation, thus enabling the
highest possible quality of diagnosis and trewtment. For
the catheter laboratory, simplification offers economic
advantages bv saving e and reduang staf require-
ments, and for the patient ic means shorter investigation

times and an increase in safery and accuracy. 'The mono-

rail technique has thus become established as a basic tech-
nique for all procedures of coronary dilatation that has
stood the test or time.
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THE MONORAIL TECHNIQUE

would like to pay a debt of gratitude to my wife,

Helen, who supported my work on the mvention in
many ways.
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Percutacous
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Donald 8. Baim

Dotter and Judkins (1) first proposed the concept of trans-
luminal angioplasty—enlargement of the lunen of a
stenotic vessel by a catheter technique in 1964, They
advanced a spring-coil guidewire across an atherosclerotic
arterial stenosis and left this wire in place 10 serve as a rail
over which a series of progressively larger rigid dilators
were advanced to enlarge the vessel lumen. This Dotter
technique proved effective in peripheral arteries, but the
need to insert large caliber ngid dilators through the arte.
rial puncture (and the high shear forces applied by the
dilators as they crossed the atherosclerotic lesion) ulti-
mately restricted clinical application. In 1974, Gruentzig
(2) replaced the series of rigid dilators with an inflatable
nonelastomeric balloon mounted on a comparatively
smaller catheter shaft As such, the tip of the balloon
catheter could be introduced percutaneously, advanced
across a vascular stenosis in its smaller (collapsed) state,
and then inflated with sufficient force to enlarge the
stenotic tumen. Although others had speculated about the
possibility, Gruentzig was the first to refine balloon angio
plasty into a usable clinical tool, through a series of exper-
iments in animals, cadavers, peripheral arteries, and the
coronary arteries of patients undergoing bypass surgery.
This culminated in the first percutaneous transluminal
coronary angioplasty (PTCA) of a stenotic coronarty artery
in a conscious human (September 16, 1977; 3).

PTCA remained the only catheter-based revasculariza-
tion technique in widespread use until the mid-1990s,
when a series of other modalities including atherectomy
and stenting (see Chapters 23 and 24) were introduced. To

recognize the inclusion of these additional modalities, the
technique is now more commonly referred 1o as pef(tuta-
neous coronary intervention (PCH) and now stands as the
dominant form of coronary revascularization. Its wide-
spread adoption has vansformed the field of mvasive car
diology (e, diagnostic cardiac catheterization as dis
cussed i the initial chapters of this text), into the new
tield ot interventional cardiology {use of cardiac catheters to
deliver therapy) ‘This chapter will review the basic equip-
ment, techaigues, and results of coronary angioplasty, as
well as the utility of PTCA and PCT in specific clinical and
anatomic situations, as 4 historical and conceptual tounda-
tion for the entire field of catheter-based percutancous
coronary intervention,

HISTORY
After Gruentzig's ploneering cases in 1977, most cardiolo-
gists viewed the new techinigue of balloon angioplasty with
agrentdeal of skepticisin. But a small group of cardiologists
around the world recognized the great potential it might
hold (4). In 1979, they met o form a registry of all coro-
nary angioplasty cases worldwide under the sponsorship
of the National Hearr, fung, and Blood Instiwte (NULBL.
That registry grew to 3,000 cases by 19381, although no
mote than 1,000 angioplasties were performed in any
given year during that period. From these humble begin-
nings, progressive iinprovements in equiptient and tech-
nique have produced dramatic growth in percutaneous
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ligure 22.1  Early growth in the number of coronary angioplasty
procedures (PTCA) is shown by the bottom (stippled) band,
increasing from less than 1,000 per year in 1979-1981 to more
than 300,000 per year by 1991. This was then similar to the annual
number of bypass operations (CABG, cross-hatched band) and the
number of patients remaining on medical therapy after roughly
1,000,000 diagnostic catheterizations. By 2004, the number of
annual catheterizations in the Unitad States had grown to approxi-
rately 2 million, with roughly 50% (1 million) of the patients who
underwent diagnostic cardiac catheterization being referred for per-
cutaneous coronary intervention and roughly 20% (400,000) being
reterred for bypass surgery. (From American College of Cardiology;
also American Heart Association. 2004 Heart and Stroke Statistical
Update. Dallas, TX; American Heart Association, 2003.)

translurninal coronary angioplasty (PTCA) and transformed
it into the dominant form of coranary revascularization
(Fig. 22.1). By 1990, the annual number of coronary angio-
plasty procedures in the United States rose to 300,000,
equaling the annual number of bypass surgeries. By 2000,
catheter-based coronary revascularization was performed
in more than 800,000 patients with ischemic syndromes
owing to anatomically suitable coronary artery lesions,
compared with some 350,000 who underwent bypass
surgery. Currently, sorne 1,000,000 PCI procedures are per-
formed annually in the United States (5), with a similar
number ol coronary interventions performed outside of
the United States, making it one of the most common pro-
cedures worldwide.

Ower the past decade, however, the central role of bal-
loon dilation has become much less prominent as a stand-
alone treatment. It now serves mostly as an adjunctive
means of preparing for (i.e., predilating) or perfecting (i.e.,
postdilating) a coronary lesion during a stent placement or
atherectomy procedure. Despite progressive broadening
in its clinical and anatomic indications, the use of these
newer interventional devices and adjunctive antithrom-
botic pharmacology (see Chapter 3) have improved the suc-
cess rate of PCI to 98%), the procedural mortality to roughly
1%, the emergency bypass rate to <0.5%, and a l-year
recurrence rate to << 10%.

EOUIPMENT

A coronary angioplasty system consists of three basic com-
ponents (Fig. 22.2): (a) a guiding cathetexr, which provides

stable access to the coronary ostinm, a route for contrast
administration, and a conduit for the advancement of the
dilatation equipment; (b) a leading guidewire that can be
passed through the guiding catheter, across the target
lesion, and well into the distal coronary vasculature to pro-
vide a rail over which a series of therapeutic devices can be
advanced; and (¢) a nonelastomeric balloon dilatation
catheter filled with liquid contrast medium. Technologic
advances generate improvements in specific equipment
each year, so any detailed description of aurrent products
would be outdated too sooa to be of value here, but some
general principles remain. ‘

Guiding Catheters

Guiding catheters remain a crucial compounent in PTCA.
The original guiding catheters were thick-walled 10 and 11F
tubes that had small lumens, minimal torque control, and
sharp edges. In contrast, current guiding catheter designs
more closely emulate the performance of diagnostic coro-
nary angiogiaphic catheters. To allow passage of therapeu-
tic instruments, however, guiding catheters must have a
lumen diameter at least twice that of a typical diagnostic
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Figure 22.2 Components of the coronary angioplasty syster.
The original Gruentzig fixed guidewire balloon (A) compared
with the steerable guide wire system (B). Although both are
advanced through a guiding catheter positioned in the coronary
ostium, neither the wire shape naor its orientation could be
changed once the original Gruentzig catheter was introduced,
whereas the steerable design aillows the guidewire to be ad-
vanced, withdrawn and reshaped, and steered independently of
the balloon catheter to select the desired vessel. Once in place in
the distal vessel beyond the target lesion, the guidewire serves
as a rail over which the angioplasty balloon or other device can
be advanced. (From Willerson JT, ed. Treatment of Heart Diseases.
New York: Gower Medical, 1992.)
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catheter (e.g., 0.076-inch [2 inm] versus 0.038-inch [1 mm]).
To achieve this lumen in a catheter whose outer diameter is
as small as 6F (2 mm, or 0.080 inch), the catheter walls
must be very thin (<0.12 mm, or 0.005-inch). Yet the
catheter must still incorporate a Teflon liner to reduce fric-
tion, metal or plastic braid to transmit torque and provide
sufficient stiffness to offer backup support during device
advancernent, and a simoaoth outer coating to resist throm-
bus formation. The complexity of this design goal requites
use of special materials whose properties are typically var-
ted along the length of the catheter to optimize the balance
between support and flexibility at each point. Most guiding
catheters now also include a very soft material in the most
distal 2 mm of the catheter to reduce the chance of vessel
trauma during engagement of the nontapered tip.

Guiding catheters are now available in virtually all of the
conventional Judking and Amplatz curves, as well as a wide
range ol custom shapes (extra backup (XB), hockey stick,
multipurpose, Voda, etc.) designed to ease engagement or
provide better support during balloon advancement. As
thin-wall technology has improved and balloon shaft
diameters have decreased, the predominant size of guiding
catheters has fallen progressively: 9F guiding catheters pre-
dominated in the carly 1980s, with 8F (2.7-mm) cathelers
taking over in the late 1990s, and 6F guiding catheters in
common use today. Although larger guiding catheters are
sometimes still needed for bigger devices or treatment of
bifurcation lesions, most procedures can be completed
through a 6F guiding catheter introduced through the
samie sheath used to perform diagnostic coronary angiog-
raphy. Sorme 5F guiding catheters are even available for use
for radial artery access (see Chapter 4).

Chapter 22: Percutaneous Balloon Angioplasty 435

To function adequately, the guiding catheter must be
able to selectively engage the ostium, This requires the
selection of an appropriate catheter shape and the ability
to manipulate the catheter under [luoroscopic guidance
(see Chapter 11). Engagement of the desired vessel, how-
ever, should not interfere with arterial inflow. This is rou-
tinely possible in the left coronary artery, but damping of
the guiding catheter pressure when the right coronary
artery ostium is engaged was once a common and vexing
problem. This has been overcome by the smaller diameter
(i.e., 6F) guiding catheters and by the introduction of guid-
ing catheters equipped with side holes that allow ongoing
perfusion despite wedged engagement. Because the guid-
ing catheter is also used to deliver small boluses of contrast
medium into the involved vessel (as needed to visualize
vascular side branches and the target lesion for angio-
plasty), however, contrast flow out of such side holes may
increase the total contrast load used during a procedure.

A second important function of the guiding catheter is to
provide adequate support for advancement of interven-
tional devices across the target stenosis. This support derives
from the intrinsic stiffness of the guiding catheter material, a
catheter shape that buttresses it against the opposite aortic
wall, and/or deep engagement of the guiding catheter into
the coronary ostium (Fig. 22.3). While deep engagement of
the guiding catheter is sometimes needed, it is also well-
recognized as a potential cause of complications (ie.,
ostial dissection). [lis complication has become far less
frequent with incorporation of an atraumatic bumper on
the tip of most guiding catheters and the performance of
deep engagement only by coaxial advancement over the
balloon catheter. After a deeply engaged guiding catheter

Figure 22.3 Use of deep guiding catheter engagement to facilitate coronary intervention. Left.
Complex lesion in the right coronary artery including aneurysm (dark arrow) and diffuse distal dis-
ease (open curved arrow). Center. Left Amplatz guiding catheter (AL-1) is deeply engaged to pro-
vide optiral support for stent placement. Right. After stent placement, the vessel is widely patent,
but replacement of the Amplatz catheter with a conventional right Judkins catheter (JR4) shows how
effective the Amplatz has been in straightening out a severe upward bend (shepherd's hook) in the
proximal right coronary artery. Although progressive improvement in device profile and trackability
has made such deep engagement less necessary, the technique is still of great value in selected
cases. Deep seating of the guiding catheter needs to be done with great care and coaxial advance-
ment of the guiding catheter over a balloon catheter to avoid injuring the proximal coronary artery.
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has been used to push a dilatation balloon or other device
across the lesion, the operator caunot forget to then with-
draw the guiding catheter back to a more neutral position
(just outside the vessel ostium) to avoid its migration into
an even deeper position as the device is withdrawn. (o this
sense, the ability to use the guiding catheter actively con-
stitutes one of the important skills required for effective
management of the overall angioplasty equipment system.

Guidewires

The original dilatation catheter-designed by Gruentzig had
a short segment of guidewire (spring coil) attached to its
Lip to lead the balloon in the vessel lumen and help avoid
subintimal passage as the catheter was passed across the
stenosis (see Iig. 22.2). Because the shape or orientation of
this leading wire could not be modified once the catheter
had been introduced, it provided the operator no control
over whether the catheter followed the desired path or was
diverted into one or more side branches proximal to the
lesion. In the carly 1980s, Simpson designed a movable
guidewire system in which a 0.018-inch Teflon-coated wire
extended and moved freely through a central lumen within
a coaxial dilatation catheter (6). If this guidewire selected
the desired vessel, it was advanced until it crossed the tar-
get lesion. If the guidewire instead selected a more proxi-
mal side branch, the balloon catheter was advanced to a
point just before the side branch as the wire was with-
drawn and reshaped in an effort to choose the desired path
beyond. By a series of such iterative advancements of wire
and dilatation catheter, many lesions could be crossed with
the guidewire and then with the dilatation catheter. In
1983, this concept advanced further with the introduction
of the first steerable guidewires, whose rotational orienta-
tion could be controlled precisely using a “torquer” (pin
vise) attached to the proximal end of the wire,

[n contrast to crude early guidewires, modern guide-
wirtes are designed to combine tip softness, trackability
around curves, radiographic visibility, and predise torque
control, which together allow the guidewire (o be steered
past vascular side branches and through tortuous or
stenotic segments. With these refinements, crossing a
subtotal lesion with the guidewire has become a task that
takes seconds rather than minutes to hours, opening up all
portions of the epicardial coronary circulation to a variety
of interventional devices. The basic guidewire consists of a
solid core (stainless steel or superelastic nitinol) that is
ground to a progressive taper in its distal portion. This
taper helps retain torque control when the wire is steered
around the series of bends located in the guiding catheter
and proximal coronary anatomy and allows the stiffer
proximal portions of the wire to follow the soft tip into
side branches. This core is generally covered by a spring
coil, which is usually Teflon-coated stainless steel on the
body of the wire, and more radiopaque platinum on the
distal 3 to 25 ¢m. A family of hydrophilic plastic-covered
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guidewires (i.e., Choice "I, Boston Scientific, Natick, MA)
are also available to aid in crossing vessels with extrere
tortuosity or total occlusion, but the spring-coil design is
still donvinant.

There is substantial choice of tip stiffness, driven by the
way the tapered core wire is attached to the outer coil at the
wire tip. [n soft wites, the tapered core is welded to the coil
via a Hattened intermediary shaping ribbon that allows the
operator to kink or bend the tip of the wire into a shape
that is appropriate for navigating the vessel features it must
pass while maintaining the required level of atraumatic
softness. Experienced interventional operators use their
thumbnail or the shaft of the guidewire introducer to
shape the guidewire tip to meet the challenges of anatomic
navigation —larger diameter bends are used for selecting
left anterior descending (LAD) versus circumflex artery,
whereas smaller kinks or bends are used for selecting
branches (e.g., diagonal versus LAD).

When greater probing force is required (e.g., for probing a
chronic total occlusion), stifter tip designs are available.
These core-to tip guidewires are olten graded by the force
that the straight guidewire tip can apply to a strain gauge
from a distance ot | co -~—wires are available with force
increments from 3 gm, 4.5 gm, 6 gm, and ultrastiff 9 gm.
Use of these stiff-tip guidewires requires a high degrec of
skill and feel to avoid unintentional vessel injury (dissec-
tion or perforation), and in general operators are well
advised to start with soft conventional guidewires and
worlc up to the specialty stiff wires progressively and only
as needed.

Independent of the tip stiffness, advancing certain
devices around bends may take more shaft support from the
guidewire. This is provided by extra-support wires, which
have a thicker and stiffer inner core. Alternatively, some
operators prefer to place a second guidewire across the
lesion in parallel (a “buddy” wite) to straighten vessel
bends and facilitate device passage. The wire has a series of
corrugations near its distal end (the Wiggle Wire Guidant,
Santa Clara, CA) that can also be used to help deflect the
leading edge of a device away from a calcified plaque or the
leading edge of a previously placed stent when advance-
ment over a conventional wire is difficult. With this variety
of choices in 0.014-inch guidewires, it is currently rare to
use larger-diameter guidewires in coronary work, although
wires of 0.016 and 0.018 were previously used for this pur-
pose (requiring, of course, the use of matching devices
with larger internal lumen diamerers). Smaller-diameter
guidewires offer little advantage except with certain devices
such as the 0.009-inch Rotablator wire (see Chapter 23),
but some specialty wtal occlusion guidewires have a reduced
diameter tip (reduced from 0.014 inch to 0.009-0.012 inch)
to help them negotiate sroall residual lumens.

Standard coronary guidewires are 175 ¢m long, i.e.,
some 40 cm longer than the average balloon catheter. This
allows the wire to be advanced across the lesion while the
balloon catheter remains in the guiding catheter, but does
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not generally offer sufficient length for exchange of one
device for another. Most guidewires are therelore also
available in a double- (i.e., 300-cm) exchange length, or
are extendable to that length by attachment of a proximal
additional segment. Such wires can be passed indepen-
dently through the guiding catheter and across the target
lesion, to rernain in place as a series of devices (balloons,
rotational atherectoray burrs, stents) is employed, without
the risk of subintimal passage of the second guidewire as it
crosses the partially dilated segment (7). A similar strategy
can be followed with shorter (175-cm) guidewires, pro-
vided that rapid-exchange cr monorail balloon catheters
and stent delivery systems are used (see below). Although
the movable guidewire concept (implemented in the cur-
rent spectrum of highly sophisticated steerable guidewires)
has simplified, shortened, and improved the success rate of
coronary angioplasty, it is still important to heed the
advice of Dotter and Judkins (1) that “the guidewire is passed
across the atheromatous block more by the application of judg-
menr than of force.”

Dilatation Catheters

The dilatation catheters for coronary angioplasty have
undergone radical evolution since 1977. As described
above, the original Gruentzig catheters were designed with
a short segment of guidewire permanently affixed to the
catheter tip to decrease the tisk of subintimal passage dur-
ing advancement down the coronary tree. The shaft of this
catheter had two lumens—one for inflation and deflation
of the balloon and one for distal pressure measurement
and/or contrast injection. This reflected the initial reliance
on monitoring trans-stenotic (i.e., aortic root to distal
cotonary) pressure gradient as a way of assessing lesion
severity, since it was very difficult to perform adequate con-
trast injections thmugh small-lumen guiding catheters
around the large (4.3 1.3-mm) shafts of early balloon
catheters. In contrast, vmtml all dilatation catheters now
have an independently movable and/or steerable guidewire
extending the entire length of the dilatation catheter, as
described by Simpson and coworkers (see Fig. 22.2). The
central lumen of such dilatation catheters must have a suf-
ficient caliber to allow free movenient of the guidewire, but
is no longer generally used for either pressure measure-
ment or contrast injection around the wire. The concept of
using trans-stenotic pressire gradients to evaluate the sig-
nificance and completeness of correction of coronary
stenoses, however, has undergone renewed interest with
the advent of solid state pressure measurement guidewires
(see "Fracuonal Flow Reserve,” Chapter 18). Occasionally,
however, the distal balloon lumen is still used (after
removal of the guidewire) for distal contrast or drug injec-
tion (i.e., for the treatment of no-reflow, see Chapter 3).
An important feature of the dilatation catheter is the
diameter of the smallest opening through which the
deflated balloon can be passed (its profile). The original
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Gruentzig catheters had a 0.060-inch (1.5-mm) profile,
but current over-the wire dilatation catheters have profiles
as small as 0.025 inch (0.6 mm). To preserve the best
balloon profile, a "negative” or “aspiration” preparation
should be performed in which a contrast-filled 20-mL
syringe is attached to the balloon inflation hub, the
plunger is pulled back to apply a vacuum, and gently
released to allow the balloon to draw in a small volume of
dilute (1:2 dilution with saline) contrast. A “positive” prep,
in which the balloon is first aspirated and then actively
inflated with contrast material, should generally be
avoided to avoid compromising the best possible crossing
profile. The magnitude of this issue is seen when one
atternpts to reuse a previously inflated balloon to cross a
second lesion and finds that the secondary (or rewrap)
profile is far less satisfactory than the primary (prior to
inflation) profile.

The field of angioplasty balloon catheters is now bifur-
cated into over-the wire (OTW) catheters in which the
guidewire tuns concentrically within the balloon shaft
throughout its entire length and monorail (rapid-exchange,
or Rx) catheters in which the wire is contained within the
balloon shaft over only its distal 25 cm and then runs out-
side the balloon shaft more proximally. Such catheters can
be exchanged quickly by a single operator over a standard
length (175-cm) guidewire and generally have smaller
shaft protiles to allow better contrast injection or simul(a-
neous placement of two balloous for the treatment of
bifurcation lesions. Specially designed fixed-wire devices,
which consist of a balloon mounted directly on a steerable
wire core, were developed and used widely in the late
1980s to provide deflated profiles as small as 0.020 inch
(0.5 ram), but their use has become less common as
refinements in balloon technology have allowed competi-
tive performance from over-the-wire systems. Fixed-wire
devices may still be of unique value in special situations
(e.g., dilating side branches through the struts of a stent
placed in the parent vessel).

Although profile is important, the ability of the balloon
to bend so as to advance easily through tortuous vascular
segments (trackability) and the presence of sufficient shaft
stilfness (pushability) o force it through the stenosis are
also important. Deliveiy of the balloon is also aided by the
incorporation of a friction-resistant coating (silicone or a
hydrophilic coating such as polyethylene oxide) to improve
surface lubricity. Other specialized balloon catheters include
perfusion balloon catheters, which have a series of side
holes in the shaft proximal and distal to the balloon seg
ment or a spital channel within the balloon to allow
ongoing antegrade blood flow and thereby mitigate
myocardial ischemia during prolonged balloon inflations
(Fig. 22.4). In an era where stents provide definitive con-
trol of elastic recoil and dissection, however, the use of per-
fusion balloons has become rare except for controlling
hemorrhage from a coronary perforation without produc-
ing severe distal myocardial ischemia (see Chapter 3).
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Figure 22.4 Use of a perfusion balloon catheter. Top. The
inflated perfusion balloon (arrow) is shawn in the left anterior
descending artery and can be recognized by the presence of
the non-contrast-filled (whita) perfusion lumen running through the
center of the balloon. Bottom. Injection through the guiding
catheter {left curved arrow) shows direct opacification of the cir-
cumflex (straicght arrow) as well as contrast tlow into the distal left
anterior descending: This low enters through proximal side holes,
passes through the perfusion lumen within the balloon, and flows
out into the distal vessel {right curved arrow). The 40- to 60-
mbL/minute flow to the distal vessel through the perfusion tumen
helps mitigate myocardial ischemia during prolonged balloon infla-
tions, but use of the high-profile devices has become less common
with the advent of broad stent use.

Some special balloons exploit the concept of focused force
angioplasty, in which a second guidewire or microblades on
the balloon surface (cutting balloon, Boston Scientific,
Natick, MA; Fx mini-rail Guidant, Santa Clara, CA) concen-
trate the defivery of dilating force from the balloon to the
lesion to lower stenosis resotution pressure and reduce bal-
loon slippage forward ot backward during inflation (so-
called watermelon seeding effect). These technologies have

not, however, improved the long-term patency compared
with conventional PTCA (8,9), and the cutting balloon car-
ries a small but real risk of perforation when oversized.

Other than these factors, the most important character-
istic of the dilatation catheter is its ability o inflate to a
precisely defined diameter despite application of pressures
that average 10 to 16 atm. This was not possible with early
balloons manufactured from polyviny! chloride (PVC),
whose compliance led to balloon oversizing and rupture at
pressures as low as 6 aun. More suitable performance can
be readily achieved today using balloons manufactured
from high-density polyethylene, polyethylene terephtha-
late (PET), or nvlon, despite balloon wall thickness as low
as 0.0003 to 0.0005 inch (3 to 5 ten-thousandths of an
inch). Based on material and wall thickness, each balloon
has an individual compliance characteristic reflecting the
pressure at which the balloon reaches its specified (nomi
nal) diameter and how much that diameter increases as the
balloon is inflated to even higher pressures, More compli-
ant balloon materials tend to reach their rated (nominal)
dimeter at 6 atm and then grow by <20% above their
nominal size (i.e, a 3.0-ram balloon growing to 3.5 mm)
at 10 atm. Semicompliant balloon materials such as high-
density polyethylene or nylon grow by ~110% over this
pressure range, whereas truly noncorapliant balloon mate-
rials such as PET can retain their defined diameter up 1o 20
atrn to allow dilatation of calcific stenoses or full expan-
sion of coronary stents (Fig, 22.5).

Balloon compliance characteristics must be kept in
mind especdially when inflating a compliant or semicom-
pliant balloon to pressures above nominal (usuatly
roughly 8- 10 atm}) to avoid overdistending the adjacent
normal vessel. Because the noncompliant balloon materi-
als preclude growth in normal segments upstream and
downstream of a rigid lesion, they may be desirable when
ever high pressures are needed and may also help to treat
resistant lesions by concentrating dilating torce on the
stenosis itself (rather than in balloon growth and dilata-
tion of the adjacent vessel).

Regardless of which balloon type is used, it is important
to stay within the prescribed range of inflation pressure is
also important to prevent balloon rupture. ‘This pressure
range is specified in terins of the rated burst pressure (ie., an
inflation pressure at which the probability of balloon rup-
ture is <<0.1%}). Taking any balloon catheter above its rated
burst pressure (usually 16 to 20 atm) increases the risk of
balloon rupture, with the poteniial for air embolization (it
the balloon was incompletely purged), vessel rupture, local
dissection, or difficulty in rernoving the balloon {rom an
incompletely difated lesion {10). This risk grows the fur-
ther above rated burst pressure that the balioon is inflated,
until it reaches 50% risk of rupture when the average burst
pressure is reached. Instead of relying solely va high bal-
loon inflation pressures, there are many other alternatives
for dealing with the resistant lesion. [t is usually better to
use focused force angioplasty, rotational atherectomy, or
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Figure 22.Z  Successful dilatation of a rigid calcific lesion. This
rigid lesion (top) in the midleft anterior descending coronary
artery of a postbypdSs patient (note surgical clips) resisted dilata-
tion at 300 Ib/in? (20 atm), but yielded to an inflation pressure of
330 Ib/in? (22 atm; middle two views) with an excellent angio-
graphic result (botfom) Such pressures are obtainable only with
special high-pressure balloon construction because standard
angioplasty balloons have rated rupture pressures of only 14 to 16
atm. In current practice, such lesions would more likely be treated
by rotational atherectomy (see Chaptar 23).

laser atherectory, Chap. 24, rather than to inflate any bal-
loon catheter to pressures more than 2 to 3 atm above its
rated burst pressure. A rare exception to this rule is stent
postdilatation in a calcified or tibrotic lesion that has not
been adequately predilated or pretreated with rotational
atherectomy before stent placement, and where there s no
alternative lor achieving full stent expansion.

Various manufacturers currently provide dilatation
catheters that meet these design 5p<3c1h<,.mom with
inflated diameters of 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 mm (o
match the sizc of the coronary artery in which the stenosis
is located. Larger balloons (i.e., 4.5, 5.0, and 6.0 mm) are
occastonally needed for teeatment of large right coronary
arteries or saphenous vein grafts. Quarter-sized balloons
(e.g, 2.25, 2.75, and 3.25 mm) are also available, but that
degree of precision probably exceeds the operator’s ability
to gauge vessel size, and stocking quarter-sizes tends unfa-
vorably to increase the size of a laboratory's balloon inven-
tory. The usual length of the inflatable balloon segment is
either 15 or 20 mm, but balloons are also available in
shorter (10 1am for dilating or postdilating focal lesions)
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or longer (30 or 40 mum for dilation of a diffusely diseased
segment) inflated segment lengths (11). Although most
lesions can be dilated effectively with balloon catheters
from any of the several manufacturers, subtle differerces in
performance characteristics can make the difference
between success and faiture; therefore, each interventional
laboratory still needs to stock a variety of balloon types.
Although balloon prices were once nearly $700, corapeti-
tion has brought current prices down to $200 to $250,
giving little incentive for resterilization and reuse, with the
risk of infection, prolonged procedure time, and device
failures with resterilized products {12,13).

PROCEDURE

A coronary angioplasty procedure beacs a superficial
resemblance to diagnostic cardiac catheterization in that
catheters are introduced percutaneously under local anes-
thesia, However, since angioplasty involves superselective
cannulation of diseased coronary arteries with guidewires
and balloon catheters, temporary occlusion of antegrade
coronary arterial tlow, as well as manipulation of the offend-
ing atheroscleratic lesion by balloon tutlation, the proce-
dure is significantly more complicated and entails roughly
lU tiwes the risk (e, 1% versus 0.19%) compared with a
purely diagnostic catheterization (14). The risks of coronary
angioplasty vary greatly with the baseline dinical condition
of the patient, the characteristics of the lesion to be treated,
and the techniques that are used (see "Complications”
below and Chapter 3). When obtaining informed consent,
the individual estimated risks should be discussed in derail
with the patient and family prior w0 the procedure. To mit-
igate the very real risks of major complications, angioplasty
should be wttempted only by experienced personnel and
generally only in a setting where full cardiac surgical and
anesthetic support is available (15,16). One exception is
the performance of mnerg?n(y coronary angioplasty for
the treatiment of acite ST-elevation myocardial infarction
(STEML), where the need (or rapid revascularization has
ted to the allowance of such procedures in approved
catheterization laboratories staffed by experienced inter-
ventional operators, even when on-site cardiac survery is
uot available (16,17). 'The practice of elective angioplasty
without on site surgery, however, remmains outside the PCI
Guidelines at this time (16a).

Patients were once admitted the night before elective
angioplasty, but current cost driven protocols call for
admission on the moramng of the procedure. Details of the
patient evaluation, informed consent, aud preprocedure
laboratory work will thus generally have been completed
in a separate outpatient visit or be compressed into a very
brief encounter immediately prior to the procedure. This
is particularly true for patients who come to catheter-
based intervention at the conclusion of what began as a
diagnostic catheterization that progressed to coronary
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intervention (so-called ad hoc angioplasty or cath with
PCI stand-by; 18). [f angioplasty is not available at the
diagnostic catheterization facility, if the combined proce-
dure is likely to exceed safe contrast loading limits, ov if
high anticipated procedural risk makes surgical consulta-
tion or additional discussions with the patient and family
desirable before proceeding with a nonemergent interven-
tion, the procedure may still be concluded after only the
diagnostic portion with the PCI as a separate procedure.
Similar considerations apply to the decision to stage a
complex multivessel procedure into two or more sessions
(i.e., patient olerance, clinical stability, total contrast load,
stability of the initial treatment vesults), but current rech-
niques generally make staging (between diagnostic and
interventional procedures, or between treatment of some
lestons and others) an uncommon clinical necessity, the
reason for which should be documented in the patient
cliart,

Oral intake should be restricted after midnight ou the
evening prior to the procedure, and the patient should be
pretreated with aspirin 325 mg/day to diminish platelet
deposition on the disrupted endothelium (19). In the
aspirin-allergic patient, a graded aspirin desensitization pro-
tocol (20) may be used before PCI or immediaiely after PCI
in which other antiplatelet therapy has been provided (sce
below). An oral platelet ADP-receptor antugonist (such as
clopidogrel) may be administered prior to the procedure
(21), often supplemented by intravenous platelet glycopro-
tein [1b/IIa receptor blockers (22), to reduce the incidence
of periprocedural myocardial infarction or repeat emergency
revascularization for vessel closure or stent-thrombosis,
Since aspirin reduces late cardiac mortality in patients with
coronary disease, it is generally continued indefinitely afler
the procedure. Stmilar data now exist for longer-term
clopidogrel treatment (23).

Angioplasty is generally done from the fernoral approach,
although brachial and radial approaches can be used based
on considerations about vascular access, as well as operator
and patient preference. Most catheter-based interventions
cat be performed safely without right heavt catheteriza-
tion, but a right heart catheter may provide potentially
valuable measurements of both baseline filling pressures
and intraprocedural hemodynamic deterioration in patients
with abnormal baseline left ventricular function or weat-
nment of major vascular territories. The venous sheath also
allows rapid initiation of ventricular pacing, although
placement ot a prophylactic pacemalker is seldom needed
except in cases where rotational atherectomy or rheolytic
thrombectomy of vessels supplying the right or dominant
circumtlex coronary artery is planned (see Chapter 23).

After placement ol the arterial sheath, intravenous
antithrombin therapy is initiated (see Chapter 3). The
most commaon ageat is stll unfractionated heparin (70
units/kg, or 7,000 to 10,000 uaits), which may be reduced
to 50U/kg when administration of a platelet glycoprotein
IIb/IMla receptor blocker is planned. Alternatives include

low-molecular weight heparin (e.g., enoxaparin) in patients
who have been on such agents preprocedure (24), or one
of the direct thrombin antagonists (e.g., bivalirudin [Angioma,
the Medicines Corapany, Parsippany, NJJ; 25, 25a). If unfrac-
tionated heparin is used, it should be noted that there is
wide patient-to-patient vauability in heparin binding and
activity, so that an ACT (activated clotting time) should be
measured and additional heparin should be administered
as needed to prolong the ACT to 275 to 300 seconds
(reduced to 250 seconds if a platelet glycoprotemn [Ih/iila
receptor blocker is Lo be given) before uny angioplasty devices
are introduced. Additional doses or an infusion of the
antitbrombotic agent may be required to maintain the ACT
at this level throughout the case—ACTs <250 seconds are
associated with a marked increase in the incidence of
ccclusive complications unless an adjunctive 1Ib/1Ma
receptor blocker is used, whereas ACTs »300 to 350 sec-
onds tend to increase the risk of bleeding (26). ACTs may
also berused to monitor the effect of direct thrombin
inhibitors such as bivalintdin, which have found increas-
ing use during PCI based on more predictable dose-
respouse characteristics than heparin, greater efficacy
against clot-bound thrombin, teduced platelet activation,
less bleeding, and lack of cross reactivity in patients with
the heparin-induced thrombocytopenia or thrombosis
syadvome (HIT1S, Chapter 3). Since low-molecular weight
heparin has relatively more activity against factor Xa than
against thrombin, it causes less prolongation of the ACT so
that specialized anti-Xa assays are required to monitor
low-molecular weight heparin eftects.

Baseline angiograms are then obtained of one or both
coronary arteries using either a standard diagnostic
catheter or the angioplasty guiding catheter. Baseline
angiography serves to (a) evaluate any potential changes in
angiographic appearance (interval development of total
occlusion, thrombus formation) since the prior diagnostic
catheterization, (b) permit the selection of the angio-
graphic views that allow optitnal visualization of the
stenoses, and (c) aid in planning of the detailed interven.
tional strategy. Corvonary mjections should be repeated
after the administration of 200 mg of intracoronary nitro-
glycerite to demonstrate that spasm is not a significant
component of the target stenosis and to minimize the
occurrence of coronary spasm during the subsequent
angioplasty --we have seen cases where the intended target
of a catheter-based intervention resolved with intracoronary
nitroglycerin, and an unnecessary intervention was avoided!
The best working views that show the target lesions and
adjacent side branches most clearly and with the least fore-
shortening are recorded and transferred to the road-map
monitor for reference during the procedure. The approxi-
mate reference diameter and length of each target lesiou is
estimated by comparing it to the 6F (2 mm) diagnostic
catheter or selected guiding catheter. Decisions are then
made regarding the sequence of lesions to be approached
(integrating lesion severity, myocardial territory involved,
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and noninvasive test data) and the specific interventional
approach that will be used. For example, a bifurcation
lesion that may require kissing balloon inflations and a
simultaneous kissing stents implantation (see Chapter 24)
may suggest use of a guiding catheter larger than 6F

The appropriate guiding catheter s connected to the
pressure manifold (see Chapter L) by way of an extension
tube and a rotating hemostatic valve (Tuohy Borst valve)
and positioned in the appropriate coronary ostium. The
hemostatic valve contains an adjustable O-ring that allows
introduction and free movement of the angioplasty bal-
loan while maintaining a sufticient seal around the bal-
loon shaft to permit pressure measurement and contrast
injection. The angioplasty guidewire is then introduced
into the guiding catheter, either loaded into the initial
angioplasty balloon or inserted through a needlelike
guidewire introducer (bare-wire technique), and steered
across the target lesion. The guidewire is advanced across
the lesion with the aid of puffs of contrast material
through the guiding catheter as the vessel 1s imaged fhuoro
scopically in a projection that shows the desired path free
ol foreshortening or overlapping side branches Once the
position ol the wire tip in the distal vasculature has been
conlirmed by contrast angiography, the desired angio
plasty balloon or other device is selected

Experience has shown that the best and safest stand-
alone angioplasty results were obtained using a balloon
whose diameter closely approximares that of the presum-
ably nondiseased reference segment adjacent to the site
being treated (balloon/artery ratio 0.9 1.1; 27,28). Slightly
larger balloons (approximately 1.1 to 1.2 times the size of
the reference lumen) were sometimes used if intravascular
ultrasound (see Chapter 19) showed that the outer vessel
diameter in the reference segment (external elasnic mem
brane [EEM]|) diameter was significantly larger than the rel-
erence lumen. On the other hand, slightly smaller initial
balloons were used when it was ditficult to estimate the
correct reference size of a diffusely diseased or rapidly
tapering vessel, or when great difficulty was anticipated in
crossing the lesion. In the era where stenting (especially
drug-eluting stenting) has become the definitive treat
ment, however, it is routine to predilate the target lesion
with a balloon that is slightly undersized relative to the
reference vessel and roughly the same length as the target
lesion (see Chapter 24). Modern low profile stents can
often be delivered without predilation of the target lesion
(so-called direct stenting), but predilation makes delivery
and accurate placement of the stent within the lesion cas-
ter, facilitates the selection of the correct stent diameter
and length (by comparison with the diameter and length
of the inflated predilating balloon), and ensures that

lesion compliance is sufficient to allow full expansion of

the stent without pretreatiment by rotational atherectomy
(see Chapter 23).

The setected balloon is prepared by flushing the central
(guidewire) lumen with heparinized saline and filling the
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balloon inflation lumen with a dilute (1:2) radiographic
contrast material. When balloon burst pressures were
lower and rupture was more frequent, contrast filling was
accomplished by a "positive prep” in which the balloon
was aspirated, inflated with contrast, and then aspirated
again to remove any air. With more robust balloon materi-
als, however, 1t s now more common (o perform only a
“negative prep” in which a contrast-filled syringe is used to
pull air from the balloan lumen and then let the balloon
aspirate a small amount of contrast material when vacuum
on the syringe is released. This method of preparing the
balloon catheter avoids inflation before it is across the tar
get lesion and thus helps matntain the lowest possible
deflated profile for crossing a severe stenosis. Some opera-
tors prefer to prepare the balloon before introduction and
attach a three-way stopcock to its intlation hub to maintain
a vacuum, whereas others prefer to prep the balloon in the
body just before crossing the lesion. The balloon catheter
is then loaded onto the free end of the guidewire, advanced
through the loosened O-ring, down the proximal vessel,
and across the lesion.

Once the dilatation catheter has been positioned within
the target stenosis, the balloon is inflated progressively
using a screw-powered handheld inflation device equipped
with a pressure dial. At low pressure (1.e., 2 to 4 atm), the
balloon typically exhibits an hourglass appearance owing
to central restriction by the coronary stenosis being treated.
[n soft lesions, this restriction (or "waist”) may expand
gradually as the inflation pressure is increased, allowing
the balloon to assumie its full cylindrical shape. In more
rigid lesions, the restriction may remain prominent until
the balloon expands abruptly at a stenosis resolution pressure
that may be anywhere between 4 and 20 atm (29). Some
operators prefer (o increase pressure rapidly until all bal-
loon deformity resolves, but this increases the risk of dis
section when a fibrotic or calcified plaque yields suddenly
or when the ends of a somewhat compliant balloon grow
Lo excessive diameter on either side of the resistant lesion
If a calcified plaque resists expansion at 10 to 14 atm, one
may thus prefer to consider use of the Rotablator (see
Chapter 23) rather than pushing to the very high balloon
inflation pressures (=20 atm, Fig 22 5) that may be
required for (ull dilation.

At the other extreme, elastic (usually eccentric) stenoses
may allow full balloon expansion at low pressures but then
tend to recoil promptly once the balloon is deflated. This
type of lesion was once treated by repeated inflations, cau
tious use of oversized balloons, or directional atherectomy,
but stent implantation is now the routine treatment
Focused force dilation (with a cutting balloon or external
guidewire balloon may also be helpful in dilating the
fibrotic or elastic lesion effectively (see below). There is lit-
tle objective evidence that slower speed of inflation ot pro-
longed (1 minute or more) inflations offer more benefit
than the 30-second inflations (30). Exploration of even
longer (15-minute) inflations using a perfusion balloon
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showed slightly better acute results with no difference in
long-term patency (31).

Whatever inflation strategy is selected, the response of

each lesion (o balloon dilation must then be assessed indi-
vidually so that the dilation protocol can be tailored 10
achieve the best possible result. The most common way to
assess lesion response (0 baltoon dilation s repeat angiog-
raphy performed through the guiding catheter. By leaving
the exchange-length guidewire in place during such
angiography or using a rapid-exchange balloon catheter,
the balloon can be removed (rom the guiding catheter
without losing access 1o the distal vessel or the ability to
perform additional intervention (repeat balloon inflation,
stent placement, etc.). Complete normalization of the ves-
sel lumen would be the ideal end result of coronary angio-
plasty, but a typical result of even a successfidd angioplasty
is a 30% residual diameter stenosis (Le, a 1.9-mm lumen
in a 3.qum vessel) with some degree of intimal disruption
(reflected as localized haziness, filling defect, or dissection).
Although this ouce created a diletnma about whether to
persist with additional balloon inflations (weighed against
the risk of creating a vessel dissection), the need to obtain
a perfect resudt with balloon angioplasty is now moot in
the stent era --any lesion that can be stented is stented. n the
current view, the best position for stand-alone balloon
angioplasty is thus in lesions that are poorly suied to
stenting owing to vessel size below 2 mm or branch ostial
disease where bifurcation stenting is not contemplated.
Given the importance of achieving the best acute angio-
graphic result, and the uncertainty inherent in angio-
graphic assessment of the irregular lumen postangioplasty,
a number of ather techniques have been used o grade the
quality of an angioplasty result. [nitially, PTCA operators
relied heavily on the trans-stenotic gradient as an index ot
dilatation adequacy, seeking a postdilation pressure ditfer-
ence of <.15 mm Hg between the aottic pressure (measured
through the guiding catheter) and the distal coronary artery
pressure (measured through the tip of the dilatation
catheter). In pracrice, such meuasurements were compli-
cated by the presence of the dilaiation catheter within the
stenosis and the small size of the dilatation catheter
lumen, which led to abandonment of the gradient mea-
sureraent by 1988 (32). There has been some recent
reawakened interest based on the availability of using
newer solid state pressure-measuring guidewires that can be
used to assess the trans-stenotic gradient at baseline flow
and during masimal hypereraia (33; see Chapter 18). The
goal is to achieve 4 fractional flow reserve (I'FR)—-defined
as the ratto of distal coronary pressuce to aortic pressure
during adenosine-induced hyperemia-->+0 95 in a suc-
cessful PCI. The same wpe of physiologic assessment can

be done using Doppler flow measuring guidewires to assess

diastolic/systolic Tow ratios ov coronary flow reserve (CFR)
as an index of baseline lesion significance and a contirma-
tion of adequate dilation. Alternatively, (ntravascular ultra-
soundd (IVUS; see Chap. 19) can more accurately measure

lumen diameter and cross-sectional area atter difation, and
can detect vessel dissection or hematoma more accurately,
AMthough IVUS has provided important mechanistic
insights into balloow angioplasty, it is not used in more
than 5 to 0% of routine clinical cases because of the
added procedural titne and expense. [n most laboratories,
the postdilation angiogram thus remains the gold standard
of whether or not an adequate result has been vbtained,

Once adequate dilatation is deemed to have been
achieved, it is common to withdraw the balloon catheter
completely from the guiding catheter, leaving the guidewire
across the dilated segment for several minutes to allow
observation of the treated vessel for signs of angiographic
deterioration. With more predictable interventions such as
stenting, however, a single set of postprocedure angiograms
in orthogonal views with the guidewire removed is usually
sufficient to document a suitable result in the treated
lesion and the absence of dissections, branch occlusions,
or guidewire perforations in the adjacent portions of the
vessel. At that point, other significant lesions may be
dilated similarly, or the procedure may be concluded and
the patient transferred to the recovery area.

POSTPROCEDURE MANAGEME NT

Postprocedure managernent after PCL has been progres-
sively streamlined (14). It was once common to leave the
arterial sheath in place overnight with continued heparin
infusion, while perfusing the sheath lumen and monitor-
ing for distal limb ischemia. This practice allowed prompt
vascular reaccess should delayed abrupt closure occur (34).
With the advent of stenting and [Ih/UIa receptor blocker,
such delayed abrupt closures occur so infrequently that the
practice shifted to removal of the sheaths later the same
day as soon as the heparin effect wore off (ACT <160 sec-
onds), with no postprocedure heparin infusion (35,36). n
fact, now with the wide adoption of femoral puncture site
closure devices, it is common to remove the arterial sheath
in the cath lab at the end of the interventional procedure,
despite a fully anticoagulated state (see Chapter ¢).

After sheath removal, the patient typically remains at
bed rest for 18 to 24 hours and then ambulates before dis-
charge. The time to anbulavon is reduced significantly,
however, if a femoral closure device has been used. 1f' a
Hb/UTa receptor blocker was used intraprocedurally, it is
commonly infused for approxamately 18 hours postproce-
dure Aspirin (325 mg/day) is continued indefinitely, and
patients who have received a stent are given clopidogrel
(Plavix) as a 300600 my loading dose af the end ol the pro-
cedure and 75 mg per day tor 2 1o 4 weeks (bare-mietal stent)
or 3 to o months {(drug-cluting stent or brachytherapy).
Beginning clopidogrel 3 to 6 hours before the intervention
obviates the need for a postprocedure loading dose and
may attenuate the additioual benefit provided by a Ub/Ila
receptoc blocker. Longer-term clopidogrel may also reduce
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214 Invasive Cardiology

with an o ring allows manipulation of the
guide wirc and PCI device, while the side
arm enables injections of contrast media
through the guiding carheter.

Guide wire, generally 0.014 inches diam-
eter {or crossing the lesion

* Steering device (torque tool) for guide

wire manipulation.

@

* Intracoronary nitroglycerin Adenosine,
Nitroprusside, and Verapamil should be
available.

» Sterile cups

* Sterile syringes for intracoronary medica-
tton, ACTs, and lab teses

Additional sterile towels, clips, gauze, and
stopeocks may be necessary. Ineracoronacy nitro-
glycerin should be ready for immmediate admin-
istration. Wer gauze sacurated in saline should
be available to use for wiping and anchoring the
wires and balloons as they are used and seated.
The balloon/stent inflation device should be flled
with the diluted contrast and purged of air.

The sterile field should be organized and un-
cluttered as possible to provide a clean work area
for balloon and stent preparation.

Figure 15-1. Basic PTCA cquipmaent and setup.
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The success of coronary interventions can
be greatly affected by the choices made of the
interventional equipment used. Having a solid
understanding of how different materials work
with and against each other in a myriad of siwu-
atious is how the experienced interventionalist
teams define their excellence. Although success is
not guaranteed, the array of modern equipment
offers every chance to obrain the best ourcome
possible.

Guiding Catheters

The guiding carheter may be the most imporrant
decision for a tinely and successful intervention.
The guiding catheter will provide the optimal
support for the tnsercion of a guide wire and bal-
loon catheter or device to the targee lesion. The
operator’s assessment of aortic arch/root mog-
phology and coronary artery ostial position dut-
ing diagnostic imaging will assist in choosing the
correct catheter. An important consideration is
the relationship between the catherer French ()
size, curve, and potential damping of coronary
blood flow.
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The majority of PClcases currently performed
use OIF equipment, thanks to the smaller, more
flexible tools now available. Smaller, 5T guide
catheters are also available in limited curves. SF
guides are rarely used today, with the exception

of radial access interventions. The difficulty of

maneuvering SF PCL equipment to the lesion
can be challenging, and the amount of back-up
support required from the guiding system should
be assessed carefully. Where maximurn support
is needed, physicians may choose a larger 7F- or
8 -sized system to keep the catheter comfortably
seated. Larger lumen-guiding catheters have
tendency to be sciffer, which may aid tn improv-
ing backup for inserting interventional equip-
ment to the target arca.

In some cases, where stiff backup plus a larger
lumen is needed, some operacors may choose a
guiding catheter with factory-made side holes to
allow distal cotonary avtery pectusion. Side-hole
catheters give a false sense of securicy, however,
the catheter tp may still be occluding flow into

Figure 15-2. Comrmon guiding catheter configurations.
il 7 o)
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Chapter 15: Percutanecus Coronary Interventions 215

the vessel, while guide catheter side boles sit out-
sicle of the coronary ostium and reflect the aortic
pressure on the hemodynamic monitors, The use
of side-bole catheters may also increase the CM
dose (spilling out of the side holes) and can re-
duce che ability to fll large lumen arceries/grafts
in higher perfusion states.

luterventional guiding catherers offer variable
construcrion designs to give the operator choices
berween flexibility and seating within the coro-
nary ostium. Some manufacturers offer guid-
ing catheters with both stiff and soft secondary
curves to aid in manipulaton. Almost all incer-
ventional guiding cathevers have a soft, pliable tip
to decrease the risk of damage or dissection of the
coronary ostium.

Guide catheters come in traditional curves
(Judkins, Amplaw, multipurpose; see Figure
[5-2). Proprietary extra-support guide catheter
curves (XB, Yoda, GL) have a long terminal pri-
mary curve and a stiff secondary curve to sear the
catheter firmly in che aortic root, much like an

JR FR SR

SCR

JJ !

ALR1-2 CAS [itag}
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216 Invasive Cardiotogy

amplaez catheter but with more mancuverabilicy.
These shapes greatly improve the abilicy to firmly
seat smaller French-size catheters in the coronary
ostium and support delivery of the guide wire
and PCI device.

Guide Wires

Guide wire choice will be the second cricical cle-
ment because of the relationship between guiding
catheter and the tackability of the guide wire and
device. The purpose of guide wire placement is to
provide safe and stable access to the lesion for the
balloon, stent, or other interventional device.

Guide wire lengths can vary according to ap-
plication, but are primarily one of two lengths:
approximately 145 cm and 300 cm (exchange
length), depending ou the manutacturer. The
shorter guide wires arc designed for rapid ex-
change/monorail systerns and are concrolled
by the operator for most of the procedure. Ex-
change length guide wires are good for complex
interventons where frequent device exchange is
anticipated.

[nterventional guide wires generally have a
soft, atraumatic tp thar may be shaped by the
operator (see Figure 15-3), Shaping is perlormed
to enhance the ability of the wire 1o pass through
and around the curves of the rarget coronary ar-
cery. The transition potnt of a guide wire refers
to how it is constructed between the microchin

Figure 15-3, Guide wire construction,

i
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tip and the 0.014-inch main body. Tlie transition
of the guide wire determines many of its proper-
ties and best applications. Most operators have a
“workhorse” guide wire they turn o fist, giving
an edge in predictability ol how it reacts as it is
advanced. Most guide wire manufacturers will
offer wall charts or pocket guides classifying their
products and recommended applications; some
include competitive products in their listings.

Traditionally, guide wires are primarily classi-
fied as Hoppy, intermediate, or standard (see Fig-
ure 15-4). Stiffer standard and intermediate wires
have more pushability, whereas more flexible or
floppy wires tend to track more casily through a
tortuous artery.

There are literally hundreds of guide wires
available, made of different materials and coated
wich a choice of agents. Fach one has a unique
property of use and technical applications. Many
guide wires have coatings such as Teflon to aid
in smooth tracking of the balloon over the wire.
Hydrophilic-couted guide wires are an invaluable
tOO] F()r Cr()SSing thr()n]b()st’,‘(l C()r()nllfy ‘drteri(;’s
becausc of their lubricious nature, but the hydro-
philic agent also increases the chance of dissec-
tion and perforation with the guide wire tp.

Sorue guide wites are constructed of Nitinol
rather than the more common stainless sreel.
Nitinol retains a “memory” of its original shape
and can be helpful for use in cerrain condicions
requiring a balance of pushability and tracking.
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Figure 15-4. Guide wire core construction

Nitinol guide wites should be wiped [requently
with heparinized solution gauze while exposed to
air to promote smooth device movement.

Specialty guide wires are available with mark-
ers that aid in measuring rarget lesion length,
taking away the guesswork in measuring around
tortuous lesions.

A second guide wire is often used to protect
side branch vessels when intervening on main
artery. Many operators will choose this option
so that in the evenrt of acute closure of the side
branch, there will still be access through the area,
hopefully to enable PCIL if necessary.

A second guide wire is also used when employ-
ing the “kissing balloon® technique, whereby, two
guide wires and two balloons are advanced simul-
taneously down a main vessel and side branch
(such as an LAD and a diagonal). The balloons
are then positioned one against the other, and si-
multaneously inflated at low pressures to perform
a bifurcation, or “kissing balloon” angiosplasy.
One complication that can occur with this pro-
cedure is that the two guide wires can become
wrapped or entwined rogether during position-
ing. When advancing the first balloon, if there is
significant resistance to further advancement pasc
the bifurcation without an obvious cause, pull
back the remaining guide wire and readvance.
This will usually remedy the situation and enable
the other balloon to push forward.

Chapter 15: Percutaneous Coronary Interventions 217

Advancing any coronary guide wire should be
done with extreme caution. Intimal staining with
contrast dye indicates possible dissection and
should be assessed before proceeding further.

Angioplasty Balloons

Balloon choices are made based on experience
and preference by the physician. The primary
differences between balloons that affect their per-
formance are: material design, tracking abiliry,
and length.

There are three main types of balloon catheter
systemns (see Figure 15-5):

Over the Wire

Over-the-wire balloons have a cenrral guide wire
lumen that runs from the proximal hub to the
distal tip. These balloons can be loaded onto
the guide wire from either the front or back
after the lesion has been crossed. With guide
wire support within the entire catheter body,
these balloons may offer more flexibility and
wrackabilicy than rapid-exchange balloons.

Single-Operator Exchange

Single-operator exchange, more often referred to
as rapid-exchange (RX) or monorail balloors, are
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Figure 15-5. Balloon catheter designs.

M&Tg
Continuation
Inflation/ of guldewire
deftation lumen @
Over-the-wire {(OTW)
Balloon material
‘ L Wire lumen
Guidewire
Radiopacue il i |
marker M
oy,
; o
Guidewire ' a
lumen J’fy @
Balloon — Balloon
inflation lumen Single-operatcr-
‘ P ; exchange (SOE)
_j . l;/l:;;torall also known as
iy Rapid/Fast Exchange
(Rx/FX)

Tapered
core wire

A / Radiopacue
i Radiopague ) distal wire @
marker-] L /
>

= ‘
‘ . " Balloon materlal Fixed-wire

/ Fixed
P




CASE

e Al W gt 5o 5

e g A SR, s N AR S VAP N R

designed to be more casily handled by one per-
son. These balloons load only from the front eud
wich the guide wire exiting approximately 30 cm
from the tip. This enables the operator to control
both the wire and balloon while crosstug tnto and
away from the coronary artery. This design also
allows for balloon-catheter exchange without the
use of a 300 e wire, guide wire extension, or
exchange assist device (such as the Boston Sci-
entific Trapper or Magnet). The cacheter body
of single operator balloons tends o be stifter for
inore pushabilicy.

Fixed-Wire Balloons

The original balloon dcsigm‘:d by Andreas Gru-
enwzig was a lixed wire. The over-the-wire design
of John Simpson quickly improved on Gruenc:
zigs concept. Becanse of limitations in technol-
ogy, fixed-wire designs resurfaced as a way o
creat smaller distal vessels, side branch lestons,
and some bypass graft lesions.

Advances in balloon design and materials have
overcome earlier limitations, foday, the need for
fixed-wire balloon catheeers is not as common,
and they are no longer available in the United
Seates.

Perfusion Balloons

Perfusion balloons were designed to enable blood
“How” into the distal coronary artery when the
balloon is inflated. Tt is necessary pull the guide
wire back between the proximal and distal bal-
loon ports. Commonly called the “bailout” bal-
lvon for spontancous closure, pertusion balloons
were an important development in early PTCA
before stenting.

Like fixed-wire balloons, the onsct of direct-
stenting and use of newer antiplatelet agents have
eliminated the need for perfusion balloons. These
devices now are simply an interesting note in the
aanals of coronary intervention.
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Balivon Compliance

Balloons are constructed of a variety of material
to fit different applications. Most of the carly-
generation balloons were muade of polymers like
the outer wrap of a cigarette pack. Balloons were
seiffer and had hléhu profiles, making distal
and coruplex lesions ditficult o reach because of
limited flexibility. Later designs brought on che
development ol new polymer hybrids to meer
specific anatomic and technical challenges.

Compliant Balloons

These polymers are more responsive to balloon
inflation pressures, having a tendency to increase
in diameter with cach ATM applied. Balloons
with materials are classified as compliant, because
ol their nature to predictably increase in diameter
with increased pressures. Compliant balloons are
Hexible and trackable over guide wires through
high-degree, torruous coronary lesions. Compli-
ant balloons also have a endency to shape o the
artery as they are inflated. Unforcunacely, com-
pliant balloons have the tendency to “dog-bone”
over highly stenodic and/or calcific lesions, in-
creasing the risk of indimal disruption and dis-
section with higher infladon pressures,

Noncompliant Balloons

Ubhe polyethylencrerpbihalate (PEL) balloons
are suited to long inflation balloon angioplasty
and coronary stenting. Good stent apposition
tequires firm deployment of higher pressures at
the lesion site, and the noncompliant balloons
serve well, Once inflated to cheir maximum de-
signed diameter, PET balloons do noc tend to
comply with increased diameter under rising
pressute. This noncompliance holds across the
length of the balloon, minimizing the dog-bone
cffect. The nature of noncormpliance malkes these
balloons ideal for unstable and calcified lestons
where overinflation increases the risk of ineimal
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HOME

Home = Products
Product Finder:
Mach 18 Guide Catheter

[Gol

View Featured Products
View All Products
Narow Froducls By
Category

Balioon Catheters
Bare-Metal Stents
CTO System
Diagnostic Catheters
Drug-£luling Stents
Embolic Protection
Guide Catheters
Guite Wirss

Imaging Catheters
Imaging System
Plague Modification

yrred

PATIENTS v > Boston,,
tional Scientific
ioloay
MEDICAL EDUCATION IN THE KNOW CUSTOMER SUPPORT REIMBURSEMENT

Mach 1® Guide Catheter

Overview

A large lumen and optimal shaft performance offers precise handling. dewice delivery

options and clinical versatility

Unique Polymer

* Enhances back-up support and cumve retention

Large Lumen Design

= Offers the device compatibility needed for a multitude of Ueatment options and
treatment scenarnos

* Enables catheter downsizing

* Provides improvad dye flow for better isualization

Design and Performance Dynamics
* Softer shaft guide catheter designad for active users accustomed to deep seating
« Available \n 8F (0 070"). 7F (0 081") and 8F (0 091") sizes

Device lllustration

PTFE liner

2 x 2 round
braid pattern

Large lumen

Atraumatic radiopaque tip

ADDITIONAL PRODUCT

NEORMATION

Prescriptive Information
View prescriptive information

Reimbursement

The C-code used for this
product is C1887: Catheter,
guiding (may include
infusion/perfusion capability).
C-codes are used for hospital
autpatient device reporting for
Medicare and some private
payers

Note. Boston Scientific 1s not
responsible for the correct use of
codes on submitted claims this
information does not constitute
reimbursement or legal advice

Gmus'rr

Contact Us Privacy Statement Tesms of Use About Us

012 Boston Scientific Corporation or itz affiliates. All ngnts reserved

Corporate Home
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HOME

Home = Produdts
Product Finder:

RunWay®@ Guide Catheter
(Go]

View Featured Products
View All Products

.5 By

<

Category

Balloon Catheters
Bare-Metal Stents
CTO System
Dlagnostic Catheters
Drug-Eluting Stents
Embolic Protection
Guite Catheters
Guide Wires
imaging Catheters
Imaging System
Plague Modification

FATIENTS v Boston,.
- d Scientific
)l
MEDICAL EDUCATION IN THE KNOW CUSTOMER SUPPORT REIMBURSEMENT
RunWay® Guide Catheter DITIONAL FRODLCT

Overview
High-periormance design for exceptional support. strength and contral In case after

case

Primary and Secondary Curve Firmness

* Provides outstanding back-up suppoit

* Enhances pushability through tortuous anatomy

* Innovative polymer specially designed to enhance curve retention

Large Lumen Design

+ Offers the device compatibility needad for a multitudz of treatment options and
treatment scenanos

* Provides improved dye flow for better wsualization

Improved Curve Retention and Tip Softness”
* Maintains primary curve shape 40% better than the Launcher Guide Catheter
» 40% soRer tip than the Launcher Guide Catheter for improved placement confidencs

Design and Performance Dynamics
= Firm catheter shaft for users preferiing a passie guide catheter
+ Available in 6F lumen siza (0 0707)

Device lllustration

PTFE liner

4 x 2 round
braid pattern

Large lumen

Soft radiopaque tip

" Bench test data on file N=22 for Launcher N=15 for RunWay Bench test results
may not necessanly be indicative of clinical performance

Curve Retention: Testing measures the ability of the catheter to effectively retain its
curvz shape while placed in water at body temperature (37° C) Smaller changes in the
curs2 angles may increase the catheter's ahility 1o direct the therapy device to the
intended target site. Tip Softness Testing measures Lhe force absorbed by the
catheter's tip when comprassed or deflectad at 0 02" Lower force indicates a softer tip

JRMATION

Prescriptive Information
View prescriptive information

Reimburszment

The C-code used for this
product is C1887: Catheter,
guiding (may include
infusion/perfusion capability).
C-caodes are used for hospital
outpatient device reporting far
Medicare and seme private

payers

Note. Bosten Scientific ts not
responsible for the correct use of
cedes on submitted claims. this
information does not constitute
reimbursement or legal advice

musrv

Contact Us Privacy Statement Terms of Use About Us Corporate Home

22012 Boston Scienhfic Corporation or as affiiatss. All nghts reserved
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HOME CLINICAL SCIENCE PRESENTATION MEDICAL PATIENT NEWS & EVENTS REIMBURSEMENT
ESOURCES EDUCATION EDUCATION

Heme = Froduct Infermation
Product Finder:

PeriVac™ Pericardiocentesis b

(ol

PeriVac™ Pericardiocentesis Kits TS
IHEGRIATION

Return to product overview

Prescriptive Information

Preseriptive Information
Refer to the operator's manual for complste instructions for use

View prescriptive information

View Featured Products

View All Products
Namrow Froducts 8y
Category
Accessortes
Bradycardia

Capital Equipment
CRT-D

CRT-P

Diagnostic Catheter
Heart Failure

Ico

Leads

Pacemaker

Remote Patient Monitering
Therapeutic Catheter

Procedure

Cardiac Ablation

CRT Implantation

CRT-D Implantation
Diagnostic EP Study

IC0 Impiantation
Pacemaker implantation
Perncardiocentesis
Ultrasound

Indications PeriVac Kit Product Brochure
The PeriVac Pericardiocentesis Kit is intended for use in pencardial aspiration and P“‘dUCt_sF‘ECl“CH“OHS and order
drainage in the presence of pericardial effusion or tamponade infermation for the PenVac Kit

Download POF

Contraindications
There are no knawn contraindications for pencardial aspiration. although recurrent
effuston or unreselved tamponade may warrant surgical intarvention

Warnings

Coagulation therapy may be required for patients that hava besn anti-coagulated to n
ordzr to prevent excessive bleeding The nsk of bleeding (which can nceur due to
needle laceration of the hear. or from other causes) should therefore be weighsd
carefully vs the risks and benefits of anticoagulation and any treatment givan to reverse
the anticoagulation before proceeding with the pencardiocentasis

Care must be taken to ensure that thers (s no electrical petential difference and that the
cardiac monitor meets relevant safety standards

* Ensure that the external portion of the guidewire 1s stabilized prior to catheter
Introduction

« Ifresistanca 1s ancountered during advancement ar withdrawal of the catheter STOP

DO NOT CONTINUE without first determining the cause of the resistance and taking

remedial action

If it is necessary to reintraducs the guidewire use extreme caution to assure that

the guidewire exits through the end hole Damage to the catheter may occur if the

guidewire exits through a side hole

Movement of the patient with the shiaight catheter in place is not recommended dus

to risk of cardiac perforation

Do not reintroduce effiusnt to patient

If na drainage 1s sean accumulating over ssveral hours. the [BIRER of this cathster

may be obstructed by cellular debns Gentle flushing of the catheter with starile

saline may be requested by the physician

Potential Adverse Events
Camglications The fallowing complications have been associated with pencardial
drainage procedures

Arthythmias Pericarditis, Endocarditis. Hemothaorax or pneumathaorax. Perforation of
the ventricle atnum or coronary vessels Sepsis/infection Tampeonade Death

Strict adherence to the foregoing instructions will help reduce the incidence of
complications

Precautions

Before use. inspect cantents of the kit for physical damage including electncal
insulation on the caoles and othar damage on the shaft of the catheter Replace
damaged components

» Contents supplied STERILE using an sthylens oxide (EO) process Do not usa if
sterile bamear s demagsd. if damage 1s found call vour Boston Scientific
representativa

v Fv)f single patient use only Do not reuss reprocess or resterilize Reuse

processing or restenlization may compromise tha structural integrity of the device
and or lzad te device failure which in tum may result in patient injury. illn2ss or
death Reuse reprocessing or restenlization may alsa create a nsk of contamination
of the devica and/or cause patient infection or cross-infection, including. but not
limited to the transrmission of infectious diseasefs) fram one patignl Lo another

Cantamination of the device may lead to injury. ilin2ss or death of the patient

Careful attention to aseptic technigue should be employed

This kit should be used only by persans thoraughly trained in the technigques of

pericardiocentesis

* Take proper care to ensure that all patient-contacl eleclical equipment 1s properly

isolated and grounded

Do not wipe catheter with organic solvents (2 g aleohols, ethers, esters, phenols

ete )

CT scan. fiuoroscapic or echocardiographic examinations are recommended to

avaluate needle and catheter placement

Pericardiocentzsis should ideally be camed out in the Spacial Procedures

Laboratory or Cariiac Cathetenzation Laboratory utihzing equipment capable of

cardiac monitoring When performed at bedside electrocardiographic monitoring

should be employed continuously

» After use. dispose of product and packaaing in accordance with hospital
administrative and/or local government policy

'musr.f

Contact Us | Privacy Statement Terms of Use About Us Cormorate Home

@2013 Boston Scientific Corporation or #s affikates. All rignts reserved
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Home = Products

Product Finder:

C-Flex® Ureteral Catheters

[Gol

Featured Products
All Products

Category

Access Sheaths
Accessones
Antiretropulsion Davices
Dilatation Devices
Guidewires

Lithotripsy Products
Occlusion Balloons
PCNL Drainage Devices
PCNL Introducer Sets
PCNL Kits

Renal Sheaths
Retrnieval Devices
Stents

Ureteral Catheters

Procedure

PCHL
Ureleroscopy

v

ORDERING & EDUCATION & NEWS & EVENTS
RETURNS TRAINING

C-Flex® Ureteral Catheters

Overview

Single lumen tapered catheter with flexible tip and firm catheter shaft designed to
provide excellent column strength for atraumatic Ursteral access and smooth
advancemanl

Design Features

* Combination of Firm C-Flex catheter shaft and Soft C-Flex cathater ip

* Seft C-Flex Single lumen with injection hub for injection of cantrast or establishment
of post-precedure drainage collection

Placement
* Tapered Tip desian to facilitate access to the unnary tract
* Graduated pla nt markers

« Excellent radjopacity for imp

ved visualization

Multipie Sizes
* Offered in varnious Open Tip and Pigtall configuration
* 4F - 8F diameter with length of 70em

Latex Information
This product contains no detectable latex

Ordering Information

CUSTOMER SUPPORT  REIMBURSEMENT

W TIOMAL INFIDRMATICH

Prescriptive Information
View prescriptive Information

Customer Service

To order product
by phone, dial ©
888-272-1001.

eOrder
You can now order
product onling

* Click here to jogin

Contact Us
Requesta Boston
Scientific Field Sales
Representative visit.

« Emall Boston Scienlific

Reimbursement
View Reimbursement
Information here

Supporting Materials
Delivering What's Next For
Flexible Ureteroscopy
Brochure

Emusw

Order Number | Description Catheter Working Quantity
0.0, Size Lenath{cm)
110064001500 Open End Set 4.8F 70 Each
MO064001510 Qpen End Set 6F 70 Each
11064001520 Open End Set 7F 70 Each
10054001530 Open Enad 3t 8F 70 =ach
0064001610 Firm Stamay Open Tip 82l | 4F 70 Each
M0054001620 Firm Stamey Open Tip Set | 4 8F 70 Each
0064001630 | Firm Stamay Open Tip Set | 6F 70 Each
10054001640 Firm Slamsy Open Tip Sat | 7F 70 Each
0064001700 Pigtail Catheters 48F 70 Each
10064001710 Figtall Catheters aF 70 Each
MO064001720 Fiatall Cathsters i Ta Each
KO0E4001730 Figtail Cathsfers 8F 7o Each
10064001400 Flewble Tip Open End Sst | 6F 70 Each
110054001410 Flexinle Tip Open End Set. | 7F 7n Each
Caution: Federal Law (USA) restricts these dawces to sale by or an the order of a physician.
Contact Us Privacy Staternant Terms of Use Aboul Us Corporate Hiome

22013 Boston Scientfic Corparation or s affilates. Al rights reserved
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Product Finder:
Flexima® Ureteral Catheters

(Go]

Featured Products
All Products

Category

Access Sheaths
Accessones
Antiretropulsion Devices
Ditatation Devices
Guidewires

Lithotripsy Products
Occtusion Balloons
PCHL Drainage Devices
PCNL Introducer Sets
PCHL Kits

Ranal Shaaths
Retnaval Devices
Stents

Ureteral Catheters

Procedure

PCHNL
Ureleroscopy

72-J

v

JErm

ORDERING & EDUCATION & NEWS & EVENTS
RETURNS TRAINING
Flexima® Ureteral Catheters

Overview

Sngle lumen catheter designed with a vansty of tip configurations and s1zes o facililate

eral access

Design Features
* Biscompatible catheter matenal avallable in a vanety of Up configurations and sizes
* Single lumen with mjection huk pravided fol :

Placement
* Various
* Can b

* Excell

p designs to faciiitate
i retrogr

nl radiopaciy for i

sto the unnary tract

sroved visualization

Multiple Sizes
» Offered in variou
« 4F - 8F diameter with leng

Latex Information
This groduct centains na d

Ordering Information

> Boston,.
RT-SER Document 12-11 Filed 06/10/13 Pagé’7"8f81

CUSTOMER SUPPORT REIMBURSEMENT

Prescriptive Information
View prescriptive information

Customer Service

To arder product
by phone, dial
888-272-1001.

eOrder
You can now; order
product online

+ Cllek here to login

Contact Us
Request a Boston
Scientific Field Sales
Representalive visit.

+ Email Boston Sei

Reimbursement
View Reimbursement
Information here

Supporting Matenals
Procadural Accessories
Brochure

musrw

Order Number | Description | Catheter 0.0, | Workina Tip 0.0 Quantity
Size Length{cm) Size
10064002001 | Open End 4F 70
140054002011 5F n
0064002021 | GpenEnd aF 0 -
(10054002031 | Qpen End 7F 70
M0C54002041 | Open End 8F 70 -
MD054002111 2 Tip GF 70 6F
M0054002121 Cene Tip 6F 70 10F
Mi 4002131 Cone Tip 7F 70 12F
110064002147 | Cone Tip aF 70 14F
054002201 oF 70 Biox 20

110064002211 5F 70
110054002221 af 70
10054002301 Dlive Tip 4F 70 Box 20
110084002311 | Olive Tip 5F 70 - Box 20
100654002361 Spiral Tip oF 70 -
10054002371 6F 70 Boy 20

0064002411 70 l 14F | Bor 20
10064002510 5F 70 Each

ntzan Tip
MO054002520 | Angled Tip | &F 70 Each
tw/ GYY
PTFE
Bentson Tip
) restricts these devicas to sale oy or an the order of 3 physician

Contact Us Privacy Statement Terms of Use About Us Corporate Home

82013 Bos ts offi

aration o

Sentife Corps Al fights rezerved
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Imager™ Il Catheters
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Featured Products
All Products

Category

Accass Sheaths
Accessones
Antiretropulsion Devices
Dliatation Devices
Guidewires

Lithotripsy Products
Qcclusion Balloons
PCHL Drainage Devices
PCHL Introducer Sets
PCHL Kits

Renal Sheaths
Retneval Devices
Stents

Urateral Catheters

Procedure
PCHL
Urateroscopy

EDUCATION & NEWS & EVENTS

ORDERING &
RETURNS TRAINING

Imager™ || Catheters

Overview

Torqueable Catheters

Single lumen torqueable cathelar designed to facilitate difficull access in FCHL and
Ureteroscopic procedurss

Design Features

= Single lumen. torqueable Imager catheter are available in five tip configurations and 3
working lengths

* Biocompatible polymer remforced with & stainless steel braded vare

* Luer lock hub sttached at the praximal end

Multiple Sizes
* Offered in 5 Opan Tip configuration
* 4F diameter with 3 wotking lengths

Placement
* Facilitates access to the unnary tract with various tip designs
= Can be placed either retrograde er antegrade
» Excellent radiopacity for unpraved visu

Latex Information
Thiz product contains no detzctable latex

QOrdering Information

Order Number | Description | O.D. Size | Working Length{cm) Quantity
0064003001 c1 5F G5 Box 5
110064003011 c2 5F 65 Box &
110064003021 Straight 3F a5 Bax &
110054003031 Bern aF 65

M0064003041 JB1 aF 65 Box 5
LIN0G4004021 Straight 5F 100

K0064004031 Bein 5F 100 Box &
MO0GA004041 JB1 3F 100 Box 5
110064005031 Bermn Bk 40 Box B

Caution Federal Law (USA) restncts thase devices to sale by or on the arder of 3 physician

Document 12-11 Filed 06/10/13 Page 8 of 81

Boston,.
' Scientific

CUSTOMER SUPPORT  REIMBURSEMENT

CITICH-AL INFORI=TION

Prescriptive Information
View prescriptive information

Customer Service

To arder product
by phone, dial ©
888-272-1001

eOrder
You can now order
product online,

+ Click hare to jogin

Contact Us
Requesta Boston
Scientific Freld Sales
Representalive visil.

+ Email Boston Scientific

Reimbursement
View Reimbursement
Information here

Supporting Materials
Imager | Brochure
Products for PCHL

g'rnusrc

Contact Us Privacy Statement Terms of Use About Us Corporate Home

entific Corporation or 4= affikates, All nghts rese
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Boston
Scientific

HOME

Products
PROMUS Element Plus
Stent System Overview
« PtCr Alloy
« Swength
« Visibiiity
« Deliverability
+ Drug / Clinical Data

PROMUS Element™ Plus Everolimus-Eluting Platinum
Chromium Stent System—Exceptional Deliverability

The PROMUS Element Plus Stent System exhibits axceptional deliverability when compared
to leading cobalt alloy stents The Bi-Sagment™ Innsr Lumen catheter and dual-layer balloon
waork synergistically with the Platinum Chromum stent platform to create this highly
deliverable system with exceptional pushability and trackability

Highly Deliverable Stent System

The unigue dual-tayer balloon fuses a strong outer |a

'f;;,{. Ve

better trackability The Bi-Segment Innar Lumen catheter provides the apprepnate level of

pushability and flexibility 1o create enhanced daliveratility

PROMUS Element Plus Stent System
« Up fo 15% more pushability than cabalt alloy stents

« Up to 31% more trackability than cobalt alloy stents’

Q0.

+ Up to 28% more flexible than cobalt alloy stents®

PROMUS Element Plus Stent System Specifications

Learn more about the PROMUS Element™ Plus Stent System »

*Data an File Test

ing campleted oy Bosta
Flexikility anc

ush FR

Vay nat

on on Indications,
s Instructions

2 sea lhe cor

Warmings, Precautions,

Priorto use
Contraindic

View PROMUS Element™ Plus Stenl System Prescriptive Information »

PROMUS Elementis an unreqistered trademark of

PATIENTS v > Boston,,
srventional Scientific
irdioloay
MEDICAL EDUCATION IN THE KNOW CUSTOMER SUPPORT REIMBURSEMENT
Home > Products = PROMLIS Element Fluz Stenl Systam Dverviaw > Deliverability =® (=]

tiv3@

Contact Us (1

Requesta Boston
Scientific Field Sales
Representaltive visit.

« Emal Boston Scientific

Sign Up Today!

Register now to ensure
that you receive the Jatest
information on Boston
Scientific news, events
and products. ~

* Register Now

G'musre-

Contact Us Privacy Statement Terms of Use About Us Corporste Home

©2012 Boston Scientific Corporation or ds affilistes, All nghts reserved
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 223131450

www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

24113 7590 0812212012 I EXAMINER l
PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A. OSINSKI, BRADLEY JAMES
4800 IDS CENTER
80 SOUTH 8TH STREET | ART UNIT PAPERNUMBER |
MINNEAPOLIS, MN 55402-2100 3767

DATE MATLED: 08/22/2012

APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.

13/359.059 01/26/2012 Howard Root 2005.86US03 6559

TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES

l APPLN. TYPE I SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional YES $870 $300 $0 $1170 11/23/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED, SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your curgent If the SMALL ENTITY is shown as NO:
SMALIL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUL FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE IFEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its cquivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

[11. All communications regarding this application must give the application number. Please direct all communications prior to issuance (0
Mail Stop ISSUL I':E unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 13 of 81
PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (I required). Blocks 1 through 5 should be completed where
gpg{ropnate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in ;ctatcd unlgss cotr}‘f(;clegi below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A cerlificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This ccrti?icale cannot be used for any other accompanying
Eapers. Gach additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

24113 7590 08/22/2012
PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A. ] Certificate of Mailing or Transmission
I OR 7 1 hereby certify that this Fee(s) Transmittal is being deposited with the United
4800 IDS CENTER States Poslal Service with su% icient postage [or first class mail in an envelope
{0 SOUTH 8TH STREET addressed to the Mail Stop ISSUE FEE address above, or being facsimile

(ransmitted to the USPTO (571) 273-2885, on the date indicated below.

MINNEAPOLIS, MN 55402-2100

(Depositor's name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/359,059 01/26/2012 Howard Root 2005.86US03 6559
TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES
| APPLN. TYPE SMALL ENTITY I ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE J
nonprovisional YES $870 $300 $0 $1170 ' 11/23/2012
i EXAMINER l ART UNIT I CI.ASS-SUBCILLASS l
OSINSKI, BRADLEY JAMES 3767 604-527000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). oicton N 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTQ/SB/122) attached. C g : . 2
(2) the name of a single firm (having as a member a
[J "Fee Address” indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent atlorneys or agenls. If nonameis 3
Number is required. listed, no name will be printed.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the palent. If an assignec is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

L2

Please check the appropriate assignee category or categories (will not be printed on the patent) : O ndividual Corporation or other privale group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ tssue Fee [ A check is encloscd.
(3 publication Fee (No small entity discount permitted) 1 Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies {IThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Qe Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
or other party in

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee
interest as shown by the records of the United States Patent and Trademark Office.

Date

Authorized Signature

Registration No.

Typed or printed name

This collection of information is required by 37 CER 1.311. The information is required to obtain or Telain & benefil by the public which is (o [ile (and by the USPTO lo process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CER 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v degendin 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, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 14 of 81

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.NSpto.gov

APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO. |
13/359,059 01/26/2012 Iloward Root 2005.86US03 6559
24113 7590 08/22/2012 r EXAMINER J
PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A. OSINSKL, BRADLEY JAMES
4800 IDS CENTER
80 SOUTH 8TH STREET | ART UNIT PAPERNUMBER |
MINNEAPOLIS, MN 55402-2100 3767

DATE MAILED: 08/22/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOIL-85 (Rev. 02/11)
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CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 15 of 81

Application No. Applicant(s)
) e 13/359,059 ROOT ET AL.
Not’ce OfAllowablhty Examiner Art Unit
BRADLEY OSINSKI 3767

.- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X This communication is responsive to 1/26/2012.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ;
the restriction requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-24.
4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[JSome* c)[INone of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [7] Copies of the certified copies of the priotity documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the tront (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. ] DEPOSIT OF and/or INFORMATION about the depesit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. 1 Interview Summary (PTO-413),
Paper No./Mait Date _____.

3. [X information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date 4/9/2012
4. [J] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [[] Other .

/Bradley J Osinski/ /KEVIN C. SIRMONS/
Examiner, Art Unit 3767 Supervisory Patent Examiner, Art Unit 3767
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120807
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CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 16 of 81

Application/Control Number: 13/359,059 Page 2
Art Unit: 3767

EXAMINER’S AMENDMENT
An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner’s amendment was given in a telephone interview
with Paul Onderick on 8/6/2012.

The application has been amended as follows:

In both claims 1 and 12:

after “a flexible tip portion defining a tubular”,

“rail structure without a lumen” has been changed to --structure--, and
after “than, the flexible tip portion and defining a",

"structure” has been changed to --rail structure without a lumen--.

In the specification, page 1, in the Related Applications section:

After “filed June 28, 2010", --now U.S. Patent 8,142,413 -- has been inserted.

REASONS FOR ALLOWANCE

Page 418 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 17 of 81

Application/Control Number: 13/359,059 Page 3
Art Unit: 3767

The following is an examiner’s statement of reasons for allowance: just as in the
parent applications, the examiner did not find any teaching or suggestion for the claimed
arrangement. Specifically, adding a guide catheter to the claimed rail structure with the
claimed flexible tip that is insertable through a hemostatic valve is not taught or
suggested by the prior art.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

CONCLUSION

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BRADLEY OSINSKI whose telephone number is
(571)270-3640. The examiner can normally be reached on M-Th 8AM-5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kevin Sirmons can be reached on (5§71)272-4965. The fax phone number

for the organization where this application or proceeding is assigned is 571 -273-8300.
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Application/Control Number: 13/359,059 Page 4
Art Unit: 3767

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1 000.

/Bradley J Osinski/

Examiner, Art Unit 3767

/KEVIN C. SIRMONS/

Supervisory Patent Examiner, Art Unit 3767
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Exhibit 37

Page 421 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 20 of 81

AT
el
%4 %\ Q"*a UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addresst COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 223131450

Wwww.uspto.gov

‘Q
e
Yy

NOTICE OF ALLOWANCE AND FEE(S) DUE

24113 7590 01/17/2012 F EXAMINER I
PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A. OSINSKI, BRADLEY JAMES
4800 IDS CENTER
80 SOUTH §TH STREET [ arrowm PAPER NUMBIR |
MINNEAPOLIS, MN 55402-2100 767

DATE MAILED: 01/17/2012

APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J

12/824,734 06/28/2010 Howard Root 2005.86US02 1416
TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTER VENTIONAL CARDIOLOGY PROCEDURES

APPLN. TYPE l SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE DATE DUE I

nonprovisional YES $870 $300 $0 $1170 04/17/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THI
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. I AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (f required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE IFEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its cquivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

111. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE I'CE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance lees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOI.-85 (Rev. 02/11)

Page 422 of 483



CASE 0:13-cv-01172-JRT- - i
J SPEII{?T BQ%%%@)eTn&ﬁg 1\14}1*T§'1[ed 06/10/13 Page 21 of 81

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

‘apé{ropnate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres ondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapcrs. Fach additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

24113 7590 01/17/2012
PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A. N o Certificate of Mailing or Transmission
v » I hereby certify that this Fee(s) Transmittal is being deposited with the United
4800 IDS CENTER Stales Postal Service with sufficient poslage for first c]gss mail in an envelope
80 SOUTH 8TH STREET addressed to &;le Mail Stop ISSUE FEE address above, or being facsimile
MINNEAPOLIS, MN 55402-2100 transmiited to the USPTO (571) 273-2885, on the date indicated below.
{Depositor's name)
(Signature)
(Date)
APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J
12/824,734 06/28/2010 Howard Root 2005.86US02 1416

TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES

I APPLN. TYPE I SMALL ENTITY l ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $870 $300 $0 $1170 04/17/2012
| EXAMINER | ART UNIT [ crasssuncrass l
OSINSKI, BRADLEY JAMES 3767 604-510000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent atlorneys 1
[ Change of corrcsgpondencc address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . - . i 2
(2) the name of a single firm (having as a member a
[ “Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more rccent) attached. Use of a Customer 2 registered patenl attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assi}gnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CER 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on Lhe patent) : () Individuat 3 Corporation or other private group entity [J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

(1 Issuc Fee (X A check is enclosed.
[ publication Fee (No small entity discount permitted) [ payment by credit card. Form PTO-2038 is attached.
¥ p y! Y
[ Advance Order - # of Copics [J'The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number __(enclose an extra‘copy of this form).

5. Change in Entity Status (from status indicated above)
] a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Date

Authorized Signature

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311, The information is recLuircd 16 obtain or relain 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 CER 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form t6 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 maggeslions for reducing this burden, should be sent to the Cl ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond (o a collection of information unless it displays a valid OMB control number.

PTOI.-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.SpLo.gov

[ appucamionno. | mimooatE ] FIRST NAMED INVENTOR [ arrornEY DOCKET No. | conFrmaTioNNO. ]
12/824,734 06/28/2010 Toward Root 2005.86US02 1416
24113 7590 01/17/2012 I EXAMINER I

PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A.
4800 IDS CENTER

80 SOUTH 8TH STREET

MINNEAPOLIS, MN 55402-2100

OSINSKI, BRADLEY JAMES

| ART UNIT

PAPER NUMBER |

3767

DATE MAILED: 01/17/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Application No. Applicant(s)

. . 12/824,734 ROOT ET AL.
Notice of Allowability Examiner Art Unit
BRADLEY OSINSKI 3767

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 11/1/2071.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-5,7 and 21-28.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[d Al b)[Jsome* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ____

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [] including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-248) attached
1) [ hereto or 2) [] to Paper No./Mail Date __.
(by OJ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ___.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) ot
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [[] Notice of References Cited (PTO-892) 5. [[] Notice of Informal Patent Application
2. [ Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ information Disclosure Statements (PTO/SB/08), 7. Xl Examiner's Amendment/Comment
Paper No./Mail Date
4. [7] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [[] Other
/Bhisma Mehta/ /Bradley J Osinski/
Primary Examiner, Art Unit 3767 Examiner, Art Unit 3767
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20111227
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Application/Control Number: 12/824,734 Page 2
Art Unit: 3767

EXAMINER’S AMENDMENT
An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner's amendment was given in a telephone interview
with Paul Onderick on 1/11/2012.

The application has been amended as follows:

In the specification, in the paragraph titled “Related Applications” added in the
single page amendment dated 6/28/2010, after “filed May 3, 2006,",

--now U.S. Patent No. 8,048,032, -- has been inserted.

In claim 7, after “as claimed in claim”,
“6" has been deleted, and

--1-- has been inserted.

REASONS FOR ALLOWANCE
The following is an examiner's statement of reasons for allowance: This method
application is a divisional of apparatus application 11/416,629, now patent application
8.048,032. The reasons for allowance are similar as the patented apparatus overlaps

with the apparatus used by the method. There is no teaching or suggestion of using the
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Art Unit: 3767

claimed multi-catheter system which includes a rail structure attached to a tubular tip to
access an artery of the coronary vasculature.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BRADLEY OSINSKI whose telephone number is
(571)270-3640. The examiner can normally be reached on M-Th 8AM-5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kevin Sirmons can be reached on (571)272-4965. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
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Art Unit: 3767

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Bradley J Osinski/

Examiner, Art Unit 3767
/Bhisma Mehta/

Primary Examiner, Art Unit 3767
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PATENT APPLICATION
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the application of: Attorney Docket No.: 2005.86US02
Howard Root et al. Confirmation No.: 1416

Application No.:  12/824,734 Examiner: Bradley James Osinski
Filed: June 28, 2010 Group Art Unit: 3767
For: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY

PROCEDURES

AMENDMENT
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
INTRODUCTORY COMMENTS

In response to the Office Action of August 1, 2011, amendment to the above-identified
patent application is requested.
The present amendment comprises the following sections:
A. Amendments to the Claims

B. Remarks

Please grant any extension of time necessary for entry; charge any fee due to Deposit Account No. 16-0631.
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Application No. 12/824,734

AMENDMENTS TO THE CLAIMS

A detailed listing of all claims that are, or were, in the present application, irrespective of
whether the claim(s) remain(s) under examination in the application is presented below. The
claims are presented in ascending order and each includes one status identifier. Those claims not
cancelled or withdrawn but amended by the current amendment utilize the following notations
for amendment: 1. deleted matter is shown by strikethrough for six or more characters and

double brackets for five or fewer characters; and 2. added matter is shown by underlining.
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Application No. 12/824,734
1. (Currently Amended) A method of providing backup support for an interventional
cardiology device for use in the coronary vasculature, the interventional cardiology device being

adapted to be passed through a standard guide catheter, the standard guide catheter having a

continuous lumen extending for a predefined length from a proximal end at a hemostatic valve to

a distal end adapted to be placed in a branch artery. the continuous lumen of the guide catheter

having a circular cross-sectional inner diameter sized such that interventional cardiology devices

are insertable into and through the lumen, the method comprising:

inserting the standard guide catheter into [[the]] a first bleed—vessel artery over a

guidewire, the standard guide catheter having-a-fissthumen-and-a distal end;

positioning the distal end of the standard guide catheter in a seeend branch artery bleed

vessel that branches off from the first artery bloed-vessel;

inserting a flexible tip portion of a coaxial guide catheter defining a tubular structure

having a circular cross-section and a length that is shorter than the predefined length of the

continuous lumen of the standard guide catheter, ever-a-the-guidewire-and into the [[first]]

continuous lumen of the standard guide catheter, the-eeaxial-guide-catheter-having-a-seeond

lurnen and
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Application No. 12/824,734

further inserting a substantially rigid portion that is proximal of, operably connected to,

and more rigid along a longitudinal axis than the flexible tip portion, into the continuous lumen

of the standard guide catheter, the substantially rigid portion defining a rail structure without a

lumen and having a maximal cross-sectional dimension at a proximal portion that is smaller than

the cross-éectional outer diameter of the flexible tip portion and having a length that, when

combined with the length of the flexible distal tip portion, defines a total length of the device

along the longitudinal axis that is longer than the length of the continuous lumen of the guide

catheter;

advancing [[the]] a distal [[tip]] portion of the-ceaxial-guide-catheter the flexible tip

portion distally beyond the distal end of the standard guide catheter and into the second artery

blood-vesse! such that the flexible distal [[tip]] portion extends into the second artery and such

that at least a portion of the proximal portion of the substantially rigid portion extends

proximally through the hemostatic valve;

and-into-the-second-bloed-vessek; and

inserting the interventional cardiology device into and through the continuous lumen of

the standard guide catheter alongside of the substantially rigid portion and advancing the

interventional cardiology device through and beyond a lumen of the flexible tip portion threugh

the-lumen-of the coaxial-guide-eatheter-and into contact with or past a lesion in the second artery
bleodvessel.

Page 432 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 31 of 81

Application No. 12/824,734
2. (Currently Amended) The method as claimed in claim 1, further comprising applying a
force to a proximal portion of the coaxial guide catheter such that the distal [[tip]] portion of the

coaxial guide catheter remains seated in the second bleed-vessel artery in response to an

opposing backward force exerted by the interventional cardiology device as the interventional

cardiology device is advanced.

3. (Currently Amended) The method as claimed in claim 1, further comprising:

keying [[the]] a tapered inner catheter to the coaxial guide catheter at a proximal portion

thereof;

4. (Original) The method as claimed in claim 1, further comprising selecting the
substantially rigid portion of the coaxial guide catheter such that it comprises a cylindrical

portion and a partially cylindrical portion defining [[the]] an opening along a side thereof.

5. (Currently Amended) The method as claimed in claim 1, further comprising selecting the

standard guide catheter to further comprise a Y-adapter and the method further comprising

injecting a fluid through the Y-adapter into the secend-lumen standard guide catheter.

6. (Cancelled)
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7. (Currently Amended) The method as claimed in claim 6, further comprising placing a

tapered inner catheter inside the seeend lumen of the flexible tip portion of the coaxial guide

catheter, the tapered inner catheter including a tapered distal portion, advancing the tapered distal
portion being-pesitioned to extend beyond the distal tip of the coaxial guide catheter; and

removing the tapered inner catheter from the coaxial guide catheters-and

8-20. (Canceled).

Please add new claims 21-28 as follows:

21 (New) The method as claimed in claim 1, further comprising extending a distal portion
of the tubular structure beyond the distal end of the standard guide catheter while a proximal
portion remains within the lumen of the standard guide catheter, such that the coaxial guide
catheter assists in resisting axial and shear forces exerted by the interventional cardiology device

passed through and beyond the coaxial lumen that would otherwise tend to dislodge the standard

catheter from the branch artery.

22 (New) The method as claimed in claim 1, further comprising extending the
interventional cardiology device through a proximal side opening defined by the proximal
portion of the tubular structure and extending for a distance along the longitudinal axis of the
proximal portion of the tubular structure while the proximal portion remains within the lumen of

the guide catheter.

Page 434 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 33 of 81

Application No. 12/824,734
23 (New) The method of claim 22, further comprising
extending the interventional cardiology device through the proximal side opening;
advancing the interventional cardiology device through structure defining a full
circumference portion; and
advancing the interventional cardiology device through structure defining a partially

cylindrical portion.

24.  (New) The method of claim 22, further comprising extending the interventional
cardiology device through a flexible cylindrical distal tip portion and a flexible cylindrical

reinforced portion of the tubular structure proximal to the flexible distal tip portion.

25. (New) The method of claim 24 further comprising extending the interventional
cardiology device through the flexible cylindrical reinforced portion that is reinforced with

metallic elements in a braided or coiled pattern.

26.  (New) The method of claim 21, further comprising extending the interventional

cardiology device past a radiopaque marker proximate a distal tip of the coaxial guide catheter.
27. (New) The method of claim 1, further comprising selecting the cross-sectional inner

diameter of the coaxial lumen of the tubular structure to be not more than one French smaller

than the cross-sectional inner diameter of the guide catheter,
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28. (New) The method of claim 1, further comprising extending the interventional
cardiology device through the substantially rigid portion from proximal to distal through a cross-
sectional shape having an arcuate portion, a hemicylindrical portion and a full circumference

portion,
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Application No. 12/824,734

REMARKS

Claims 1-7 are pending, claims 8-20 having been previously cancelled. By this
Amendment, claim 6 is cancelled, claims 1-3, 5 and 7 are amended and new claims 21-28 are
added.

35US8C.§112 -

The Office Action rejected claims 1-5 and 7 under 35 U.S.C. § 112, second paragraph, as
being indefinite. By this Amendment, Applicant has amended claims 1-5 and 7 to correct for a
lack of antecedent basis identified by the Examiner. Applicant respectfully requests that the

Examiner withdraw the rejections.

35U.8.C. §103

The Office Action rejected claims 1-7 under 35 U.S.C. § 103(a) as being unpatentable
over Niazi (U.S. Patent 6,638,268) in view of Osborne et al. (U.S. Publication 2005/0004523).
By this Amendment, Applicant has amended claim 1 to recite the limitations:

A method of providing backup support for an interventional cardiology device for

use in the coronary vasculature, the interventional cardiology device being

adapted to be passed through a standard guide catheter, the standard guide

catheter having a continuous lumen extending for a predefined length from a

proximal end at a hemostatic valve to a distal end adapted to be placed in a branch

artery, the continuous lumen of the guide catheter having a circular cross-

sectional inner diameter sized such that interventional cardiology devices are

insertable into and through the lumen, the method comprising:
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inserting the standard guide catheter into a first artery over a guidewire,
the standard guide catheter having-a distal end,;

positioning the distal end of the standard guide catheter in a branch artery
that branches off from the first artery;

inserting a flexible tip portion of a coaxial guide catheter defining a
tubular structure having a circular cross-section and a length that is shorter than
the predefined length of the continuous fumen of the standard guide catheter, into
the continuous lumen of the standard guide catheter, and
further inserting a substantially rigid portion that is proximal of, operably
connected to, and more rigid along a longitudinal axis than the flexible tip
portion, into the continuous lumen of the standard guide catheter, the substantially
rigid portion defining a rail structure without a lumen and having a maximal
cross-sectional dimension at a proximal portion that is smaller than the cross-
sectional outer diameter of the flexible tip portion and having a length that, when
combined with the length of the flexible distal tip portion, defines a total length of
the device along the longitudinal axis that is longer than the length of the
continuous lumen of the guide catheter;

advancing a distal portion of the flexible tip portion distally beyond the
distal end of the standard guide catheter and into the second artery such that the
distal portion extends into the second artery and such that at least a portion of the
proximal portion of the substantially rigid portion extends proximally through the

hemostatic valve; and

10
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inserting the interventional cardiology device into and through the
continuous lumen of the standard guide catheter alongside of the substantially

rigid portion and advancing the interventional cardiology device through and

beyond a lumen of the flexible tip portion into contact with or past a lesion in the

second artery.

These limitations are not disclosed or suggested by Niazi nor are they disclosed or
suggested by Osborne. For example, neither Niazi nor Osborne discloses or suggests insertion
into an artery, the coronary sinus being a vein. Nor does Niazi or Osborne disclose or suggest
the other limitations related to the insertion of a flexible tip portion of the coaxial guide catheter,
insertion of the substantially rigid portion of the coaxial guide catheter and the limitations:

inserting the interventional cardiology device into and through the continuous

lumen of the standard guide catheter alongside of the substantially rigid portion

and advancing the interventional cardiology device through and beyond a lumen

of the flexible tip portion into contact with or past a lesion in the second artery
now recited in amended claim 1.

Claims 2, 3,5 and 7 are amended for consistency with amended claim 1.

Accordingly, independent claim 1 should be patentable for at least these reasons.
Dependent claims 2-7 depend from claim 1 and should be patentable for at least the same reasons
as claim 1. New dependent claims 21-28 also depend from claim 1 and should be patentable for
at least the same reasons as claim 1. Accordingly, Applicant respectfully requests that the

Examiner withdraw the rejections.

11
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In view of the foregoing, it is submitted that this application is in condition for allowance.
Favorable consideration and prompt allowance of the application are respectfully requested.

The Examiner is invited to telephone the undersigned if the Examiner believes it would

be useful to advance prosecution.

Respectfully submitted

Paul C. Onderick
Registration No. 45354

Customer No, 24113

Patterson Thuente Christensen Pedersen, P.A.
4800 IDS Center

80 South 8th Street

Minneapolis, Minnesota 55402-2100
Telephone: 612.349.5766

12
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Exhibit 38
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Tn re the applisation of: Attorney Docket No.o 2005860803

Howard Root et al. Confismation N 6559
Application No.: 137359059 Bxamivner: Bradley James Osinski
Filed: January 26, 2012 Group Art Unit; 3767

For:  COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES

TELEPHONE INTERVIEW SUMMARY

Comnussioner Jor Patents
P.O. Box 1450
Adexandria, VA 22313-1450

Sin
Applicants thauk the Examiner for the courtesy extended to their undersigned representative in a

telephone interview on August 6, 2012,

During the telephone interview, correction of informalities of independent claima 1 and 12 was
discussed. Agreement was reached and Applicants” undersigned representative authorized the making of
an Examiner’s Amendment as reflected in the Notice of Aflowance maifed Avgust 22, 2012,

Applicants thank the Examiner for his attention to the claims and for the subsequent Notice of

Atlowance,
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Paul . Onderick
Registration No, 43354

ont

Customer No. 24113

Patterson Thuente Christensen Pedersen, PLA,
4800 1DS Center

80 South 8th Streat

Minneapolis, Minnesota 55402-2100
Telephone: 612.349.5766

Please grant auy extension of thne necessary for entry; charge any Jee dae ro Depoxit Aecovnt No. 16-063 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www \lSplO.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

24113 7590 08/03/2011 | EXAMINER |

PATTERSON THUENTE CHRISTENSEN PEDERSEN, P.A.
4800 IDS CENTER

OSINSKI, BRADLEY TAMES

80 SOUTH 8TH STREET | ART UNIT PAPER NUMBER |
MINNEAPOLIS, MN 55402-2100 3767
DATE MAILED: 08/03/2011
APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/416,629 05/03/2006 Howard Root 2005.86US01 5061
TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES

APPLN. TYPE I SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE l PREV. PAID ISSUE FEE TOTAL FEE(S) DUE l DATE DUE
nonprovisional YES $755 $300 $0 $1055 11/03/2011

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
TIIS APPLICATION IS SUBJECT TO WITIIDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT, SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE I'CE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION TEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returncd to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. I an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

[11. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE EE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of mainienance fees when due.

Page 1 0of 3
PTOI.-85 (Rev. 02/11)
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (5871)-273-2885

INSTRUCTIONS: This form should be used for transmitling the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

gpé)‘roprlate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This cer(iﬁcale cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

24113 7590 08/03/2011

PATTERSON THUENTFE CHRISTENSEN PEDERSEN, P.A. _ Certificate of Mailing or Transmission ) )
4800 IDS CENTER e e et e For T Hioos mal 1 a envclope
80 SOUTH 8TH STREET addressed to the Mail Stop ISSUE FEE address above, or being facsimile

MINNEAPOLIS. MN 55402-2100 transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

{Signature)
(Date)
I APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J
11/416,629 05/03/2006 Howard Root 2005.86US01 5061
TITLE OF INVENTION: COAXIAL GUIDE CATHETER FOR INTERVENTIONAL CARDIOLOGY PROCEDURES
| APPLN. TYPE SMALL ENTITY I ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $755 $300 $0 $1055 11/03/201 1
| EXAMINER | ART UNIT | crass-supciass ]
OSINSKI, BRADLEY JAMES 3767 604-164100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys I
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. - . i 9
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EXAMINER’S AMENDMENT
An examiner’'s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner’s amendment was given in a telephone interview
with Brad Pederson in July of 2011.

The application has been amended as follows:

In both claims 58 and 67, after “the flexible tip portion and defining a",
“structure” has been deleted and

--rail structure without a lumen and-- has been inserted.

REASON FOR ALLOWANCE
The following is an examiner's statement of reasons for allowance: the examiner
did not find any teaching or suggestion for the claimed arrangement. While many of the
structures are known, the arrangement of a claimed rail structure with the claimed
flexible tip that is insertable through a hemostatic valve is not taught or suggested by
the prior art.
Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to BRADLEY OSINSKI| whose telephone number is
(571)270-3640. The examiner can normally be reached on M-Th 8AM-5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kevin Sirmons can be reached on (571)272-4965. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Bradley J Osinski/

Examiner, Art Unit 3767

/KEVIN C. SIRMONS/

Supervisory Patent Examiner, Art Unit 3767
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PLAINTIFF VASCULAR SOLUTIONS, INC.’SCLAIM CHART
Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
to U.S. Patent No. 8,142,413, Claims 1, 2, 4, 5, and 7-13

Claim L anguage GUIDEZILLA Guide Extension Catheter

‘413 patent, claim 1.

1. A method of providing backup | Thisis preamble language, which | understand may not

support for an interventional necessarily limit the scope of the claim. Notwithstanding,
cardiology device for usein the Boston Scientific’'s Guidezillais used to provide backup
coronary vasculature, the support for an interventional cardiology device for usein

interventional cardiology device the coronary vasculature, where the interventional

being adapted to be passed through | cardiology device is passed through a standard guide

a standard guide catheter, the catheter that has a continuous lumen that extends from a
standard guide catheter having a proximal end at a hemostatic valveto adistal end that is
continuous lumen extending for a | placed in a branch artery.

predefined length from a proximal

end at a hemostatic valveto a That Boston Scientific instructs users to use the Guidezilla
distal end adapted to be placed in a | in amanner that meets all steps of thisclaim 1 isclear from
branch artery, the continuous the Boston Scientific Directions for Use (Ex. 25). Excerpts
lumen of the guide catheter having | from these Directions for Use are included below, but, for
acircular cross-sectional inner clarity, and because these Directions for Use show that
diameter sized such that Boston Scientific instructs users to use the Guidezillain a

interventional cardiology devices | manner that meets all steps of claim 1, the “Delivery
are insertable into and through the | Procedure” portion of the Directions for Use are
lumen, the method comprising: reproduced here, as follows:

“Delivery Procedure

“Deliver the Guidezilla device according to the following
steps:

“1. Secure the previously inserted guidewire and backload
the distal tip of the Guidezilla device onto the guidewire
and advance until the deviceisjust proximal to the
hemostasis valve.

“2. Open the hemostasis valve and advance the Guidezilla
device through the hemostasis valve and into the guide
catheter.

“3. Under fluoroscopy, advance the Guidezilla device up to
amaximum of 15cm beyond the distal tip of the guide
catheter and into the desired location within the vessel.

“4. Using fluoroscopy, confirm the desired position of the
Guidezilladevice in the vessal.

“5. If performing an interventional procedure, backload the
interventional device over the guidewire and advance the
device through the guide catheter and Guidezilla device
into the desired vascular space.
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Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
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Claim L anguage GUIDEZILLA Guide Extension Catheter

“Note: Use caution when advancing the interventional
device into the distal guide segment.

“6. Tighten the Y -adaptor hemostasis valve securely on the
proximal shaft of the Guidezilla device to prevent back-
bleeding.

“7. Perform the catheterization procedure. After completing
the procedure, remove the Guidezilla device prior to
removing the guide catheter from the vessel.”
GuidezillaDirections for Use at 3 (Ex. 25).

“Other items required but not provided: Guide catheter
with an inner diameter large enough to accommodate the
Guidezilla™ device.” GuidezillaDirectionsfor Useat 3
(Ex. 25).

“The GUIDEZILLA™ Guide Extension Catheter is
intended to be used in conjunction with guide catheters to
access discrete regions of the coronary and/or peripheral
vasculature, and to facilitate placement of interventional
devices.” Boston Scientific’'s 510(k) Summary (Ex. 21);
see also Guidezilla Directions for Use at 2 (Ex. 25).

A standard guide catheter has a continuous lumen that
extends for a predefined length from aproximal end at a
hemostatic valve to adistal end adapted to be placed ina
branch artery, and that has a circular cross-sectional inner
diameter that is sized such that interventional cardiology
devices are insertable into and through the lumen to the
branch artery.

inserting the standard guide
catheter into afirst artery over a To use the Guidezilla, a standard guide catheter isinserted
guidewire, the standard guide into afirst artery over aguidewire. Boston Scientific's
catheter having adistal end; documents confirm that a guidewire is used with the
catheter (see above) and Guidezilla.

“Never advance the Guidezilla device into a vessal without
aleading guidewire. . ..” GuidezillaDirections for Use at
2 (Ex. 25).

“Other items required but not provided: . . . Guidewire with
diameter < 0.014 in (0.36 mm).” Guidezilla Directions for
Use at 3 (Ex. 25).
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GUIDEZILLA Guide Extension Catheter

positioning the distal end of the
standard guide catheter in a branch
artery that branches off from the
first artery;

inserting aflexible tip portion of a
coaxia guide catheter defining a
tubular structure having acircular
cross-section and alength that is
shorter than the predefined length
of the continuous lumen of the
standard guide catheter, into the
continuous lumen of the standard
guide catheter, and,

To use the Guidezilla, the distal end of the standard guide
catheter is positioned in abranch artery that branches off
from thefirst artery.

“The Guidezilla guide extension catheter is intended to be
used in conjunction with guide catheters to access discrete
regions of the coronary and/or peripheral vasculature, and
to facilitate placement of interventional devices.”
GuidezillaDirections for Use at 2 (Ex. 25).

Boston Scientific documentsinstruct the user to insert the
flexible tip portion of the Guidezilla coaxial guide catheter
into the continuous lumen of the standard guide catheter.

“Delivery Procedure

“Deliver the Guidezilla device according to the following
steps:

“1. Secure the previously inserted guidewire and backload
the distal tip of the Guidezilla device onto the guidewire
and advance until the deviceisjust proximal to the
hemostasisvalve. . . .”

GuidezillaDirections for Use at 3 (Ex. 25).

Guidezilla has aflexible tip portion with atubular structure
and acircular cross-section and a length that is shorter than
the predefined length of the continuous lumen of the
standard guide catheter. That Guidezillahas aflexibletip
portion that defines atubular structure with acircular cross-
section, which is the blue, tubular structure in the following
photographs and the tubular structure in the diagram below:
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> e

.

/

(

Guidezillahas atubular structure. It has“asingle lumen
distal guide segment.” Guidezilla Directions for Use at 2.
“GUIDEZILLA consistsof . . . adistal guide catheter
segment through which interventional devices may be
delivered.” Boston Scientific’s 510(k) Summary (Ex. 21).

The flexible tip portion’s length is shorter than the length of
the continuous lumen of the guide catheter. The following
Boston Scientific drawing shows that the Guidezilla has a
tubular structure that is 25cm in length:
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further inserting a substantially
rigid portion that is proximal of,
operably connected to, and more
rigid along alongitudinal axisthan
the flexible tip portion, into the
continuous lumen of the standard
guide catheter, the substantially
rigid portion defining arail
structure without a lumen and
having a maximal cross-sectional
dimension at a proximal portion
that is smaller than the cross-
sectional outer diameter of the
flexible tip portion and having a
length that, when combined with
the length of the flexible distal tip
portion, defines atotal length of
the device along the longitudinal
axisthat islonger than the length
of the continuous lumen of the

145¢cm
100cm - ‘

GUIDEZILLA Guide Extension Catheter
Guidezilla
90cm ‘ ‘

25¢m

0.066in T[]

(1.70mm) lesl

[T C

lamsl

2mm 3mm

20.057in (1.45mm)
Inner Diameter

20.070in (1.78mm)
Guide Catheter Inner Diameter

A standard 6F guide catheter length is 100cm. The tubular
structure has a cross-sectional outer diameter sized to be
insertable through the cross-sectional inner diameter of the
continuous lumen of the guide catheter, and it defines a
coaxia lumen with a cross-sectional inner diameter through
which interventional cardiology devices are insertable.

“The Guidezilla guide extension catheter is “asingle lumen
rapid exchange catheter. . . 7 with “a stainless steel
proximal shaft with a25cm single lumen distal guide
segment . ...” GuidezillaDirectionsfor Use at 2 (Ex. 25).

Guidezilla has a substantially rigid portion that is proximal
of, operably connected to, and morerigid along a
longitudinal axisthan the flexible tip portion. Thisisthe
“stainless steel proximal shaft” of the Guidezilla device.
GuidezillaDirections for Use at 2 (Ex. 25).

As the attached photographs depict, this“ stainless steel
proximal shaft” is substantially rigid, defines arail
structure without a lumen, and has a maximal cross-
sectional dimension at a proximal portion that is smaller
than the cross-sectional outer diameter of the flexibletip
portion. That the Guidezilla s substantially rigid portion
does not have alumen is discussed in more detail in my
declaration, at 1 89-103.
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guide catheter;

Therigid portion has alength that, when combined with the
length of the flexible distal tip portion, defines atotal

length that is 145cm, longer than the standard 100cm length
of the continuous lumen of the guide catheter.

When the distal end of the flexible tip portion is extended
distally of the distal end of the guide catheter, at least a
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GUIDEZILLA Guide Extension Catheter

advancing adistal portion of the
flexibletip portion distally beyond
the distal end of the standard guide
catheter and into the second artery
such that the distal portion extends
into the second artery and such
that at least a portion of the
proximal portion of the
substantially rigid portion extends
proximally through the hemostatic
valve; and

portion of the proximal portion of the substantially rigid
portion extends through the hemostatic valve.

“The Boston Scientific GUIDEZILLA™ Guide Extension
Catheter acts as an extension to atraditional guide
catheter.” Boston Scientific’s 510(k) Summary (Ex. 21).

The distal end of the Guidezilla extends past the distal end
of the guide catheter: “Under fluoroscopy, advance the
Guidezilladevice up to a maximum of 15cm beyond the
distal tip of the guide catheter and into the desired location
within the vessel.” Guidezilla Directions for Use at 3 (Ex.
25).

“Never advance the Guidezilla device more than 15cm
beyond the tip of the guide catheter.” Guidezilla Directions
for Useat 2 (Ex. 25).

At the same time, the proximal end of the Guidezilla
extends from the proximal end of the guide catheter,
through a hemostasis device. “Open the hemostasis valve
and advance the Guidezilla device through the hemostasis
valve and into the guide catheter.” Guidezilla Directions
for Useat 3 (Ex. 25).

This substantially rigid portion of the Guidezilladeviceis
inserted into the continuous lumen of the standard guide
catheter, as noted above from the Directions for Use, which
instruct the user to insert the Guidezilla device into the
guide catheter “until the deviceisjust proximal to the
hemostasisvalve.” GuidezillaDirectionsfor Use at 3 (EX.
25).

A distal portion of the Guidezilla s flexible tip portion is
advanced distally beyond the distal end of the standard
guide catheter and into the second artery, such that the
distal portion extends into the second artery and such that at
least a portion of the proximal portion of the substantially
rigid portion extends proximally through the hemostatic
valve.

“Delivery Procedure
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“Deliver the Guidezilla device according to the following
steps:

“2. Open the hemostasis valve and advance the Guidezilla
device through the hemostasis valve and into the guide
catheter.

“3. Under fluoroscopy, advance the Guidezilla device up to
amaximum of 15cm beyond the distal tip of the guide
catheter and into the desired location within the vessel.

“6. Tighten the Y -adaptor hemostasis valve securely on the
proximal shaft of the Guidezilla device to prevent back-

bleeding.”
inserting the interventional GuidezillaDirections for Use at 3 (Ex. 25).
cardiology device into and through
the continuous lumen of the Boston Scientific’s documents instruct the user to insert the

standard guide catheter alongside | interventional cardiology device into and through the

of the substantially rigid portion continuous lumen of the standard guide catheter, alongside
and advancing the interventional the substantially rigid portion, and to advance the
cardiology device through and interventional cardiology device through and beyond a
beyond alumen of the flexibletip | lumen of the flexible tip portion into contact with or past a
portion into contact with or past a | lesion in the second artery.

lesion in the second artery.
“Delivery Procedure

“Deliver the Guidezilla device according to the following

steps:

“5. If performing an interventional procedure, backload the
interventional device over the guidewire and advance the
device through the guide catheter and Guidezilla device
into the desired vascular space.

“Note: Use caution when advancing the interventional
device into the distal guide segment.”
GuidezillaDirections for Use at 3 (Ex. 25).

‘413 patent, claim 2.

2. Themethod as claimed in claim | In use, the Guidezilla s distal portion remains seated in the
1, further comprising applying a second artery asaforceis applied to a proximal portion of
force to aproximal portion of the | the Guidezillain response to an opposing backward force
coaxial guide catheter such that the | exerted by the interventional cardiology device as the
distal portion of the coaxial guide | interventional cardiology deviceis advanced. Boston

Page 457 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 56 of 81

PLAINTIFF VASCULAR SOLUTIONS, INC.’SCLAIM CHART
Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
to U.S. Patent No. 8,142,413, Claims 1, 2, 4,5, and 7-13

Claim L anguage
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catheter remains seated in the
second artery in response to an
opposing backward force exerted
by the interventional cardiology
device as the interventional
cardiology deviceis advanced.

Scientific’s documents indicate that this use is intended.
“The Boston Scientific GUIDEZILLA™ Guide Extension
Catheter acts as an extension to atraditional guide
catheter.” Boston Scientific’s 510(k) Summary (Ex. 21).

“Under fluoroscopy, advance the Guidezilladevice up to a
maximum of 15cm beyond the distal tip of the guide
catheter and into the desired location within the vessel.”
GuidezillaDirectionsfor Use at 3.

“Never advance the Guidezilla device more than 15cm
beyond the tip of the guide catheter.” Guidezilla Directions
for Use at 2 (Ex. 25).

‘413 patent, claim 4.

4. The method as claimed in claim
1, further comprising selecting the
substantially rigid portion of the
coaxial guide catheter such that it
comprises a cylindrical portion
and apartially cylindrical portion
defining an opening along aside
thereof.

The substantially rigid portion of the Guidezillais selected
so that it comprises acylindrical portion and a partially
cylindrical portion defining an opening along a side
thereof, as can be seen in the photograph below of the
Guidezilladevice:

Partialy Cylindrica
Portion

Cylindrical
Portion
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‘413 patent, claim 5.

5. The method as claimed in claim
1, further comprising selecting the
standard guide catheter to further
comprise a'Y -adapter and the
method further comprising
injecting afluid through the Y -
adapter into the standard guide
catheter.

In use, the GuidezillausesaY -adapter. “6. Tighten the Y -
adaptor hemostasis valve securely on the proximal shaft of
the Guidezilla device to prevent back-bleeding.”
GuidezillaDirections for Use at 3 (Ex. 25).

The physician injects afluid through the Y -adapter into the
standard guide catheter. For example, a physician will
inject a contrast dye through the Y -adaptor when using
Guidezillain order to visualize the vessel under
fluoroscopy.

‘413 patent, claim 7.

7. The method as claimed in claim
1, further comprising extending a
distal portion of the tubular
structure beyond the distal end of
the standard guide catheter while a
proximal portion remains within
the lumen of the standard guide
catheter, such that the coaxial
guide catheter assistsin resisting
axial and shear forces exerted by
the interventional cardiology
device passed through and beyond
the coaxial lumen that would
otherwise tend to dislodge the
standard catheter from the branch
artery.

Boston Scientific's documents instruct the user to extend a
distal portion of the tubular structure beyond the distal end
of the standard guide catheter while a proximal portion
remains within the lumen of the standard guide catheter.
The following Boston Scientific drawing shows that the
Guidezilla has atubular structure that is 25cm in length:

Guidezilla

145cm

100cm
90cm

25¢cm

0.066in [ []
(1.70mm) —

_:—':—:— 8 et

[[
-

3mm

2mm

® =0.057in (1.45mm)

Inner Diameter

20.070in (1.78mm)
Guide Catheter Inner Diameter

That the tubular structure has adistal portion that is adapted
to be extended beyond the distal end of the guide catheter
while aproximal portion remains within the lumen of the
guide catheter can be seen in that the length of the tubular
structure is 25cm, but not more than 15cm of the tubular
structure is advanced past the distal tip of the guide
catheter: “Under fluoroscopy, advance the Guidezilla
device up to amaximum of 15cm beyond the distal tip of
the guide catheter and into the desired location within the

10
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vessel.” GuidezillaDirectionsfor Use at 3 (Ex. 25).

“Never advance the Guidezilla device more than 15cm
beyond the tip of the guide catheter.” Guidezilla Directions
for Useat 2 (Ex. 25).

By having the distal portion of the Guidezilla's tubular
structure extend beyond the distal end of the standard guide
catheter while a proximal portion remains within the lumen
of the standard guide catheter, the Guidezilla assists in
resisting axial and shear forces exerted by the
interventional cardiology device passed through and
beyond the coaxial lumen that would otherwise tend to
dislodge the standard catheter from the branch artery.

‘413 patent, claim 8.

8. The method of claim 7, further | Guidezilla has two radiopague markers located in the

comprising extending the tubular structure. “The guide catheter segment incorporates
interventional cardiology device two radiopague marker bands to aid in positioning the

past a radiopaque marker device during the procedure.” Boston Scientific’s 510(k)
proximate a distal tip of the Summary (Ex. 21).

coaxia guide catheter.
One of Guidezilla s radiopaque marker is positioned in the
device' sflexible cylindrical distal tip portion proximate a
distal tip.

“The Guidezilla device has two platinum-iridium marker
bands, which enable visibility while using standard
fluoroscopic methods. The distal marker band is located 2
mm from the distal tip. The proximal marker band is
located 3 mm distal to the opening of the guide segment.”
GuidezillaDirections for Use at 2 (Ex. 25).

The distal marker can be seen in the following photograph
of the Guidezilla device:

11
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Radiopaque Marker

When the Guidezillais used, the interventional cardiology
device is extended past the radiopaque marker. See above,
in the discussion of claim 7.

‘413 patent, claim 9.

9. The method as claimed in claim
1, further comprising extending
the interventional cardiology
device through a proximal side
opening defined by the proximal
portion of the tubular structure and
extending for a distance along the
longitudinal axis of the proximal
portion of the tubular structure
while the proximal portion
remains within the lumen of the
guide catheter.

See above, in the discussion of claim 4 and 7.

When the Guidezillais used, the interventional cardiology
device is extended through a proximal side opening defined
by the proximal portion of the tubular structure and
extending for a distance along the longitudinal axis of the
proximal portion of the tubular structure while the proximal
portion remains within the lumen of the guide catheter.

The Guidezilla Directions for Use state:

“5. If performing an interventional procedure, backload the
interventional device over the guidewire and advance the
device through the guide catheter and Guidezilla device

12
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into the desired vascular space.
“Note: Use caution when advancing the interventional
deviceinto the distal guide segment.”
GuidezillaDirections for Use at 3 (Ex. 25).
‘413 patent, claim 10.
10. The method of claim 9, further
comprising
extending the interventional See above, in the discussion of claim 9. Guidezilla has
cardiology device through the structure defining a full circumference portion and structure
proximal side opening; defining a partially cylindrical portion:
Full Circumference Partially Cylindrical
Portion Portion
advancing the interventional In use, the interventional cardiology device is extended
cardiology device through through both the full circumference portion and the
structure defining a full partially cylindrical portion.
circumference portion; and
advancing the interventional
cardiology device through

13
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structure defining a partially
cylindrical portion.

‘413 patent, claim 11.

11. The method of claim 9, further | The Guidezilla device' s tubular structure has aflexible
comprising extending the cylindrical distal tip portion and aflexible cylindrical
interventional cardiology device reinforced portion proximal to the flexible distal tip
through aflexible cylindrical distal | portion, as can be seen in the following photograph:
tip portion and a flexible
cylindrical reinforced portion of Flexible Cylindrical Flexible Cylindrical
the tubular structure proximal to Distal Tip Portion Reinforced Portion
the flexible distal tip portion.

When the Guidezilladeviceis used, the interventional
cardiology deviceis extended through the flexible
cylindrical distal tip portion and the flexible cylindrical
reinforced portion of the tubular structure. See above, in
the discussion of claim 9.

‘413 patent, claim 12,

12. The method of claim 11 See above, in the discussion of claim 11. Ascan be seenin
further comprising extending the | the following photograph, the flexible cylindrical
interventional cardiology device reinforced portion isreinforced with metallic elementsin a
through the flexible cylindrical braided pattern:

14
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reinforced portion that is
reinforced with metallic elements
in abraided or coiled pattern.

Metallic Elements

‘413 patent, claim 13.

13. The method of claim 1, further
comprising selecting the cross-
sectional inner diameter of the
coaxia lumen of the tubular
structure to be not more than one
French smaller than the cross-
sectional inner diameter of the
guide catheter.

Boston Scientific’s documents state that the use of the
Guidezilladevice results in a cross-sectional inner diameter
of the coaxia lumen of the tubular structure that is one
French size smaller than the cross-sectional inner diameter
of the 6F guide catheter that it is used with.

“The Guidezilla device is delivered through a guide
catheter resulting in an inner diameter that is approximately
1 French size smaller than the guide catheter.” Guidezilla
Directions for Use at 2 (Ex. 25).

“GUIDEZILLA isa5F catheter compatible with a 6F guide
catheter.” Boston Scientific's 510(k) Summary (Ex. 21).

“Guide Extension Catheter (5-in-6).” Guidezilla Directions
for Useat 2 (Ex. 25).

15
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‘850 patent, claim 1.

1. A system for use with
interventional cardiology devices
adapted to be insertable into a
branch artery, the system
comprising:

aguide catheter having a
continuous lumen extending for a
predefined length from a proximal
end at a hemostatic valveto a
distal end adapted to be placed in
the branch artery, the continuous
lumen of the guide catheter having
acircular cross-sectional inner
diameter sized such that
interventional cardiology devices
are insertable into and through the
continuous lumen of the guide
catheter; and

Thisis preamble language, which | understand may not
necessarily limit the scope of the claim. Notwithstanding,
Boston Scientific Corp.’s Guidezillais for use with
interventional cardiology devices and is adapted to be
insertable into a branch artery with a standard guide
catheter.

The Guidezillais used with a guide catheter that has
continuous lumen that extends for a predefined length from
its proximal end at a hemostatic valveto itsdistal end,
which is adapted to be placed in the branch artery. The
guide catheter has a continuous lumen with a circular
cross-sectional inner diameter that is sized such that
interventional cardiology devices are insertable into and
through the continuous lumen of the guide catheter.

“Other items required but not provided: Guide catheter
with an inner diameter large enough to accommodate the
Guidezilla™ device.” GuidezillaDirectionsfor Useat 3
(Ex. 25).

“The Guidezilla device is delivered through a guide
catheter resulting in an inner diameter that is approximately
1 French size smaller than the guide catheter.” Guidezilla
Directionsfor Use a 2 (Ex. 25).

“The GUIDEZILLA™ Guide Extension Catheter is
intended to be used in conjunction with guide catheters to
access discrete regions of the coronary and/or peripheral
vasculature, and to facilitate placement of interventional
devices.” Boston Scientific's 510(k) Summary (Ex. 21);
see also GuidezillaDirections for Use at 2 (Ex. 25).

A standard guide catheter has a continuous lumen that
extends for a predefined length from a proximal end at a
hemostatic valve to adistal end adapted to be placed in a
branch artery, and that has a circular cross-sectional inner
diameter that is sized such that interventiona cardiology
devices are insertable into and through the lumen to the
branch artery.
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adevice adapted for use with the
guide catheter, including: Thisisintroductory language.

aflexibletip portion defining a
tubular structure and having a The Guidezilla has aflexible tip portion that defines a
circular cross-section and alength | tubular structure with a circular cross-section, which isthe
that is shorter than the predefined | blue, tubular structure in the following photographs and the
length of the continuous lumen of | tubular structure in the diagram below:

the guide catheter, the tubular
structure having a cross-sectional
outer diameter sized to be
insertable through the cross-
sectional inner diameter of the P e
continuous lumen of the guide

catheter and defining a coaxial ———
lumen having a cross-sectional
inner diameter through which
interventional cardiology devices
areinsertable; and

Guidezilla has “a single lumen distal guide segment.”
Guidezilla Directions for Use at 2 (Ex. 25).
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asubstantially rigid portion
proximal of and operably
connected to, and more rigid along
alongitudinal axisthan the flexible
tip portion and defining arail
structure without alumen having a
maximal cross-sectional dimension
at aproximal portion that is
smaller than the cross-sectional
outer diameter of the flexible tip
portion and having alength that,
when combined with the length of

“GUIDEZILLA consistsof . . . adistal guide catheter
segment through which interventional devices may be
delivered.” Boston Scientific’'s 510(k) Summary (Ex. 21).

The flexible tip portion’s 25cm length is shorter than the
100cm length of the continuous lumen of a standard guide
catheter. The following Boston Scientific drawing shows
that the Guidezilla has a tubular structure that is 25cm in
length:

Guidezilla

145¢cm

100cm

25cm

90em | ‘
| |

[T

le—sl

0.066in T[]

(1.70mm) ~ Il

Zmm Imm
£0.057in (1.45mm)
Inner Diameter

® 20.070in (1.78mm)

Guids Catheter Inner Diameter

A standard 6F guide catheter length is 100cm long.

The tubular structure has a cross-sectional outer diameter
sized to be insertable through the cross-sectional inner
diameter of the continuous lumen of the guide catheter, and
it defines a coaxial lumen with a cross-sectional inner
diameter through which interventional cardiology devices
areinsertable.

“The Guidezilla guide extension catheter is asingle lumen
rapid exchange catheter. . . .” with “a stainless steel
proximal shaft with a 25cm single lumen distal guide
segment . . ..” GuidezillaDirectionsfor Use at 2 (Ex. 25).

As the attached photographs depict, this “ stainless steel
proximal shaft” is substantially rigid, proximal of and
operably connected to, and more rigid than the flexible tip
portion, and it isarail structure without alumen that has a
maximal cross-sectional dimension at a proximal portion
that is smaller than the cross-sectional outer diameter of the
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the flexible distal tip portion,
defines atotal length of the device
along the longitudinal axisthat is
longer than the length of the
continuous lumen of the guide
catheter, such that when at least a
distal portion of the flexible tip
portion is extended distally of the
distal end of the guide catheter, at
least a portion of the proximal
portion of the substantially rigid
portion extends proximally
through the hemostatic valve in
common with interventional
cardiology devicesthat are
insertable into the guide catheter.

flexibletip portion. That the Guidezilla' s substantially
rigid portion does not have alumen is discussed in more
detail in my declaration, at 1 89-103.
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Therigid portion has a length that, when combined with
the length of the flexible distal tip portion, defines a total
length that is longer than the length of the continuous
lumen of the guide catheter.

When the distal end of the flexible tip portion is extended
distally of the distal end of the guide catheter, at least a
portion of the proximal portion of the substantially rigid
portion extends through the hemostatic valve.

“The Boston Scientific GUIDEZILLA™ Guide Extension
Catheter acts as an extension to atraditional guide
catheter.” Boston Scientific's 510(k) Summary (Ex. 21).

The distal end of the Guidezilla extends past the distal end
of the guide catheter: “Under fluoroscopy, advance the
Guidezilla device up to a maximum of 15cm beyond the
distal tip of the guide catheter and into the desired location
within the vessel.” Guidezilla Directionsfor Use at 3 (EXx.
25).

“Never advance the Guidezilla device more than 15cm
beyond the tip of the guide catheter.” Guidezilla
Directions for Use at 2.

At the same time, the proximal end of the Guidezilla
extends from the proximal end of the guide catheter,
through a hemostasis device. “Open the hemostasis valve
and advance the Guidezilla device through the hemostasis
valve and into the guide catheter.” Guidezilla Directions
for Use at 3 (Ex. 25).

‘850 patent, claim 2.

2. The system of claim 1, wherein | The Guidezilla sthe tubular structure has adistal portion
the tubular structure includes a that is adapted to be extended beyond the distal end of the
distal portion adapted to be guide catheter while a proximal portion remains within the
extended beyond the distal end of | lumen of the guide catheter. The following Boston

the guide catheter while aproximal | Scientific drawing shows that the Guidezilla has a tubul ar
portion remains within the lumen | structure that is 25cm in length:

of the guide catheter, such that the
device assistsin resisting axial and
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shear forces exerted by the
interventional cardiology device
passed through and beyond the
coaxia lumen that would
otherwise tend to dislodge the
guide catheter from the branch
artery.

Guidezilla
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That the tubular structure has a distal portion that is
adapted to be extended beyond the distal end of the guide
catheter while a proximal portion remains within the lumen
of the guide catheter can be seen in that the length of the
tubular structure is 25cm, but not more than 15cm of the
tubular structure is advanced past the distal tip of the guide
catheter: “Under fluoroscopy, advance the Guidezilla
device up to a maximum of 15cm beyond the distal tip of
the guide catheter and into the desired location within the
vessel.” GuidezillaDirectionsfor Use at 3 (Ex. 25).

“Never advance the Guidezilla device more than 15cm
beyond the tip of the guide catheter.” Guidezilla
Directionsfor Use a 2 (Ex. 25).

See also above, in the discussion regarding claim 1.

The Guidezilla device assists in resisting axial and shear
forces exerted by the interventional cardiology device
passed through and beyond the coaxial lumen, where those
forces would otherwise tend to dislodge the guide catheter
from the branch artery.

‘850 patent, claim 3.

3. The system of claim 2, wherein
the proximal portion of the tubular
structure further comprises
structure defining a proximal side
opening extending for a distance
along the longitudinal axis, and
accessible from alongitudina side
defined transverse to the

The proximal portion of the Guidezilla's tubular structure
includes a proximal side opening that extends for a distance
along the device' s longitudinal axis and is accessible from
alongitudinal sidethat is transverse to the longitudinal

axis, so that the opening can receive an interventional
cardiology device into the coaxial lumen while the
proximal portion remains within the lumen of the guide
catheter. Thisopening is shown in the following
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longitudinal axis, to receive the
interventional cardiology devices
into the coaxial lumen while the
proximal portion remains within
the lumen of the guide catheter.

photograph of the Guidezilla device:

Proximal Side Opening

‘850 patent, claim 4.

4. The system of claim 3, wherein
the proximal side opening includes
structure defining a full
circumference portion and
structure defining a partially
cylindrical portion.

The Guidezilla device' s proximal side opening includes
structure defining a full circumference portion and
structure defining a partialy cylindrical portion, as can be
seen in the photograph below of the Guidezilla device:
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Full Circumference  Partialy Cylindrical
Portion Portion

Page 473 of 483



CASE 0:13-cv-01172-JRT-SER Document 12-11 Filed 06/10/13 Page 72 of 81

PLAINTIFF VASCULAR SOLUTIONS, INC.’SCLAIM CHART
Comparison of Boston Scientific’'s GUIDEZILLA Guide Extension Catheter
to U.S. Patent No. 8,292,850, Claims 1-8, 12-18, and 20

Claim L anguage

GUIDEZILL A Guide Extension Catheter

‘850 patent, claim 5.

5. The system of claim 1, wherein
the tubular structure includes a
flexible cylindrical distal tip
portion and a flexible cylindrical
reinforced portion proximal to the
flexible distal tip portion.

The Guidezilladevice' s tubular structure has aflexible
cylindrical distal tip portion, and aflexible cylindrical
reinforced portion that is proximal to the flexible distal tip
portion, as can be seen in the following photograph:

Flexible Cylindrical
Distal Tip Portion

Flexible Cylindrical
Reinforced Portion

‘850 patent, claim 6.

6. The system of claim 5, wherein
the flexible cylindrical reinforced
portion is reinforced with metallic
elementsin abraided or coiled
pattern.

The Guidezilladevice s flexible cylindrical reinforced
portion is reinforced with metallic elementsin a braided
pattern, as can be seen in the following photograph:
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Metallic Elements

‘850 patent, claim 7.

7. The system of claim 2, wherein | Guidezilla has two radiopaque markers located in the
the flexible cylindrical distal tip tubular structure. “The guide catheter segment

portion further comprises a incorporates two radiopague marker bandsto aid in
radiopaque marker proximate a positioning the device during the procedure.” Boston
distal tip. Scientific’s 510(k) Summary (Ex. 21).

One of Guidezilla's radiopaque markersis positioned in the
device' sflexible cylindrical distal tip portion, proximate a
distal tip. “The Guidezilla device has two platinum-iridium
marker bands, which enable visibility while using standard
fluoroscopic methods. The distal marker band is located 2
mm from the distal tip. The proximal marker band is
located 3 mm distal to the opening of the guide segment.”
Guidezilla Directions for Use at 2 (Ex. 25).

The distal marker can be seen in the following photograph
of the Guidezilla device:

10
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Radiopague Marker

‘850 patent, claim 8.

8. The system of claim 1, wherein | The cross-sectional inner diameter of the Guidezilla's
the cross-sectional inner diameter | coaxia lumen of the tubular structure is one French size
of the coaxial lumen of thetubular | smaller than the cross-sectional inner diameter of the

structure is not more than one standard 6F guide catheter. “The Guidezilladeviceis

French smaller than the cross- delivered through a guide catheter resulting in an inner

sectional inner diameter of the diameter that is approximately 1 French size smaller than

guide catheter. the guide catheter.” Guidezilla Directionsfor Use at 2 (Ex.
25).

“GUIDEZILLA isa5F catheter compatible with a 6F
guide catheter.” Boston Scientific’'s 510(k) Summary (EX.
21).

“Guide Extension Catheter (5-in-6).” Guidezilla Directions
for Use at 2 (Ex. 25).

‘850 patent, claim 12.

12. A system for use with See above, in the discussion of claim 1.

11
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interventional cardiology devices
adapted to be insertable into a
branch artery, the system
comprising:

aguide catheter having a
continuous lumen extending for a
predefined length from a proximal
end at a hemostatic valveto a
distal end adapted to be placed in
the branch artery, the continuous
lumen of the guide catheter having
acircular cross-section and a
cross-sectional inner diameter
sized such that interventional
cardiology devices are insertable
into and through the continuous
lumen of the guide catheter; and

adevice adapted for use with the
guide catheter, including: an
elongate structure having an
overall length that islonger than
the predefined length of the
continuous lumen of the guide
catheter, the elongate structure
including:

See above, in the discussion of claim 1.

See above, in the discussion of claim 1. Guidezilla has an
elongate structure with an overall length that is longer than
the lumen of the guide catheter. Guidezillais 145cm in
length, as the following Boston Scientific drawing shows.
A standard 6F guide catheter is 100cm long.

Guidezilla
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“The Boston Scientific GUIDEZILLA™ Guide Extension
Catheter acts as an extension to atraditional guide
catheter.” Boston Scientific’'s 510(k) Summary (Ex. 21).

In use, the proximal end of the Guidezilla extends through
the hemostatis valve. “Open the hemostasis valve and
advance the Guidezilla device through the hemostasis valve
and into the guide catheter.” Guidezilla Directions for Use

12
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aflexibletip portion defining a
tubular structure and having a
circular cross-section that is
smaller than the circular cross-
section of the continuous lumen of
the guide catheter and a length that
is shorter than the predefined
length of the continuous lumen of
the guide catheter, the flexible tip
portion having a cross-sectional
outer diameter sized to be
insertable through the cross-
sectional inner diameter of the
continuous lumen of the guide
catheter and defining a coaxial
lumen having a cross-sectional
inner diameter through which
interventional cardiology devices
areinsertable;

areinforced portion proximal to
the flexible tip portion; and

asubstantially rigid portion
proximal of, connected to, and
morerigid along alongitudinal
axisrail than the flexible tip
portion and defining a structure
without alumen having a maximal
cross-sectional dimension at a

at 3 (Ex. 25).

The distal end of the Guidezilla extends beyond the distal
end of the guide catheter. “Never advance the Guidezilla
device more than 15cm beyond the tip of the guide
catheter.” GuidezillaDirectionsfor Use at 2 (Ex. 25).

“Under fluoroscopy, advance the Guidezilladevice up to a
maximum of 15cm beyond the distal tip of the guide
catheter and into the desired location within the vessel.”
GuidezillaDirections for Use at 3 (Ex. 25).

See above, in the discussion of claim 1.

See above, in the discussion of claim 5.

See above, in the discussion of claim 1.
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Claim L anguage

GUIDEZILL A Guide Extension Catheter

proximal portion that is smaller
than the cross-sectional outer
diameter of the flexible tip portion,
such that when at least adista
portion of the flexible tip portionis
extended distally of the distal end
of the guide catheter with at |east
proximal portion of the reinforced
portion remaining within the
continuous lumen of the guide
catheter, at least a portion of the
proximal portion of the
substantially rigid portion extends
proximally through the hemostatic
valve in common with
interventional cardiology devices
that are insertable into the guide
catheter.

‘850 patent, claim 13,

13. The system of claim 12,
wherein, when the distal portion of
the flexible tip portion isinsertable
through the continuous lumen of
the guide catheter and beyond the
distal end of the guide catheter, the
device assistsin resisting axial and
shear forces exerted by an
interventional cardiology device
passed through and beyond the
coaxia lumen that would
otherwise tend to dislodge the
guide catheter from the branch
artery.

See above, in the discussion of claim 2.

‘850 patent, claim 14,

14. The system of claim 12,
wherein the substantially rigid
portion further includes a partialy
cylindrical portion defining an

See above, in the discussion of claim 3.
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Claim L anguage

GUIDEZILL A Guide Extension Catheter

opening extending for a distance
along a side thereof defined
transverse to alongitudinal axis
that is adapted to receive an
interventional cardiology device
passed through continuous lumen
of the guide catheter and into the
coaxia lumen while the deviceis
inserted into the continuous lumen,
the opening extending
substantially along at least a
portion of alength of the
substantially rigid portion.

‘850 patent, claim 15.

15. The system of claim 12,
wherein, after the deviceis
inserted into the continuous lumen
of the guide catheter, the device
presents an overall effective length
of a coaxial lumen through which
an interventional cardiology device
may be inserted while utilizing
only asingle hemostatic valve and
without any telescoping structure
preassembled prior to the device
being inserted into the continuous
lumen of the guide catheter.

See above, in the discussion of claims 1, 2, and 12.

‘850 patent, claim 16.

16. The system of claim 12, the
device further comprising a
radiopague marker proximate the
distal portion of the flexibletip
portion.

See above, in the discussion of claim 7.

‘850 patent, claim 17.

17. The system of claim 12,
wherein the reinforced portion of

See above, in the discussion of claim 6.
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Claim L anguage

GUIDEZILL A Guide Extension Catheter

the deviceisreinforced with
metallic elementsin abraided or
coiled pattern.

‘850 patent, claim 18.

18. The system of claim 12,
wherein the cross-sectional inner
diameter of the coaxial lumen of
the flexible distal portion is not
more than one French smaller than
the cross-sectional inner diameter
of the guide catheter.

See above, in the discussion of claim 8.

‘850 patent, claim 20.

20. The system of claim 12,
wherein the elongate structure
includes, starting at the distal
portion of the flexible distal
portion, at least afirst portion
having afirst flexural modulus, a
second portion having a second
flexural modulus greater than the
first flexural modulus, and athird
portion having a third flexural
modulus greater than the second
flexural modulus.

The Guidezilladevice is an elongate structure that includes,
starting at the distal portion of the flexible distal portion, at
least four different portions, as shown in the photographs
below, having increasing levels of stiffness. Claim 20
requires only three such portions, so any three of the four
portions shown below establish infringement of this claim.

First Flexural Modulus  Second Flexura Modulus
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Claim L anquage GUIDEZILL A Guide Extension Catheter

Third Flexural Modulus

Fourth Flexural Modulus
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* To be filed after court grants leave to seal.
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