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Chapter 1

Basic Radiation Principles
and Contrast Media

C. Ryan Longnecker and Michael J. Lim

Radiation

Exposure to x-ray radiation is inherent in performing cardiac catheterization
or other invasive cardiovascular procedures. Although catheterization tech-
niques have changed vastly over the last 40 years with regards to vascular
access, catheters, anticoagulation, and stents, little change has come in the uti-
lization of radiation as the source for imaging. Ultimately, radiation safety in
the catheterization lab cannot be emphasized enough, since the long-term
effects of radiation may relate directly to significant morbidity and mortality
for the operators, staff, and patients.” To this end, all hospitals have radiation
safety officers and procedures to assure proper education and exposure level
monitoring for personnel working in areas utilizing x-ray imaging, as well as for
patients undergoing these tests.

There are two major mechanisms whereby radiation harms individuals:
deterministic and stochastic. Deterministic effects are almost linearly related to
the dose received by the subject, and they usually do not occur with radiation
exposures below a certain threshold. They are the result of direct toxicity by
the x-rays and result from cellular death and biochemical tissue responses. The
higher the dose of radiation, the higher the probability a patient will have a
more severe deterministic effect. Skin erythema, follicular loss, skin desqua-
mation, bone marrow suppression, sterility, and cataracts are all deterministic
effects of radiation exposure.?? Stochastic effects are random, and can occur
with a single x-ray exposure. Stochastic effects result from modification of
DNA that can then cause mutation of the cellular structure and tumor forma-
tion or heritable genetic defects. The “linear-no-threshold” model of radiation
risk is based upon stochastic effects and is used to remind operators that no
dose of radiation is safe, but higher doses do pose more risk.> Unlike deter-
ministic effects in the skin, stochastic effects can take several years to develop.
Radiation-associated leukemia has been seen 2 years after exposure. Solid
malignancies generally require about 5 years to develop, but they can occur
several decades after exposure. Female breast tissue is a particularly radiosensi-
tive area, and attempts should be made to minimize radiation exposure to that
region as much as possible.




CHAPTER 1 Basic Radiation Principles

Based upon the Biologic Effects of lonizing Radiation (BEIR) VIl report, there
was the suggestion that evidence is insufficient to prove that low-dose radiation
exposure in the catheterization lab increases an individual’s risk of malignancy
beyond that from the background radiation he or she receives from living on
Earth (approximately 3 mSv/year).*> Although this might be true, it is also clear
that both deterministic and stochastic risks are increased with large doses of
radiation. It is also important to realize that the cardiac catheterization lab is not
the only place where patients receive radiation (Fig. 1.1).¢ Other factors to con-
sider include which, if any, other tests the patients have received prior to coming
to the catheterization lab (i.e., nuclear stress test, computed tomography [CT]
angiogram, etc.) and how much radiation they have been exposed to for those
studies (Table 1.1).

Each catheterization lab is set up differently, but they are all designed with
the C-arm and floating patient table as the main focus of the room. The C-arm
consists of two components, a radiation source and an image receptor (intensi-
fiers on older systems or flat-panel detectors on modern units). X-ray films are
produced when energy is applied to convert atoms into high-energy x-ray pho-
tons and directed in a beam from the generator, through the patient, and then
detected in an image intensifier or flat-panel detector above the patient. The
radiation source provides the most risk to the operator, patient, and staff. The
image intensifier or flat-panel detector captures radiation and converts it into
an image usable for immediate viewing on the monitor and able to be stored
on a mainframe for later review. An object can be seen on an x-ray image if

Major sources of
Radon &othoron exposure (2006)
(37 %) SorEys

. Other
background
(13%)
4 Consumer/
eS| occupational/industrial
P (2%)
I\ 2 Conventional

radiography/fluoroscopy
%)

4 .
7 Interventional fluoroscopy

Computed l A 4 s
tomography l 7%
(24%) |
T Nuclear
medicine
(12 %)

Figure 1.1 Major sources of exposure. Fifty percent of all radiation that individuals
are exposed to comes from human-made sources of radiation, with the majority of
those related to medical imaging. Reprinted with permission of the National Council
on Radiation Protection and Measurements, http://NCRPonline.org.
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Table 1.1 Relative radiation doses in medical imaging

Examination Representative Range of Reported Administered
Effective Dose  Effective Dose Activity (MBq)
Value (mSv) Values (mSv)
Chest x-ray PA and 0.1 0.05-0.24 NA
lateral
CT chest 7 4-18 NA
CT abdominal 8 4-25 NA
CT pelvis 6 3-10 NA
Coronary calcium CT* 3 1-12 NA
Coronary CT 16 5-32 NA
angiogram’
64-Slice coronary
CTA*
Without tube current 15 12-18 NA
modulation
With tube current 9 8-18 NA
modulation
Dual-source coronary
CTA*
With tube current 13 6-17 NA
modulation
Prospectively triggered 3 24 NA
coronary CTA*
Diagnostic invasive 7 2-16 NA
coronary angiogram
Percutaneous 15 7-57 NA
coronary intervention
or radiofrequency
ablation
Myocardial perfusion
study
Sestamibi (1-day) 9 — 1100
stress/rest
Thallium stress/rest 4 — 185
F-18 FDG 14 — 740
Rubidium-82 5 = 1480

* Data combine prospectively triggered and retrospectively gated protocols. The Writing Group
estimates the representative effective dose estimate to be approximately 1 mSv for prospectively
triggered coronary calcium CT scans and 3 mSv for retrospectively gated scans.

T Includes data published between 1980 and 2007. Dose data may not reflect newest scanners and
protocols.

F 64-Slice multidetector-row CT and dual-source CT studies published since 2005 only; data include
a survey of the literature by the Writing Group.

PA, poseteroanterior; CTA, CT angiography; FDG, flurodeoxyglucose; NA, not applicable.
Source: Gerber, TC, et al. Circulation 2009;119:1056-1065, American Heart Association, Inc.
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CHAPTER 1 Basic Radiation Principles

its X-ray absorbance is different from that of surrounding structures. lodinated
contrast agents effectively assure this absorbance difference between the blood
vessels and surrounding tissues to allow for the performance of selective cor-
onary angiography.

The radiation source and image receptor have multiple parts that help to
determine the amount of radiation emitted from the source, including beam
collimators, lead shields, and x-ray brightness detectors, which, via feedback
loops, determine how much energy is needed to generate an acceptable image.
Flat-panel detectors use a charge-coupled device (CCD) visible light detec-
tor to generate the image directly from the original light emission without the
modifications required by the older image intensifiers. This CCD is also able
to use the digital output signal level to guide the amount of radiation expo-
sure to generate interpretable images. X-ray images are affected by x-ray beam
power, filtration, scattered radiation, and image noise. Increasing beam power
by increasing kVp will decrease its tissue absorption and allow penetration of
denser body parts. However, increasing kVp will also decrease beam modula-
tion and image contrast, decreasing the relative absorption differences between
tissues. Increasing electrical power applied (mA) will increase the number of
x-ray photons that penetrate the patient. This will effectively decrease image
noise at the cost of higher overall patient and operator exposure. Basic descrip-
tors of relative radiation quantities are described in Table 1.2.

Training to limit risk from x-ray radiation centers around the concept of
ALARA (as low as reasonably achievable). Basically stated, operator and patient
risk is limited by reducing exposure levels to x-ray radiation to the bare minimum
necessary to perform the test. Several methods exist to minimize radiation expo-
sure, and they revolve around three major factors: time, distance, and shielding.

Limiting the total time using fluoroscopy and cineangiography will translate
into fewer x-rays that will be emitted from the radiation source, and this will
decrease both the patient’s and staff's exposure to radiation. There are two
basic modes of imaging within the catheterization lab that must be considered
with respect to x-ray radiation: fluoroscopy and cineangiography. Operators
should be cognizant of the fact that cineangiography utilizes 10-15 times the
amount of radiation per frame as regular imaging, and therefore the number
of cineangiographic images obtained should be kept to the minimum number
needed to accurately diagnose and treat the problem. Fluoroscopy, although
lower in total x-ray scatter radiation, has a greater potential for abuse, as
operators have a tendency to stay on the peddle for prolonged periods of
time. Although a poor surrogate for the actual amount of radiation emitted and
absorbed, the fluoroscopy time can help gauge how much radiation exposure
the patient and staff have received and possibly help to determine stopping
places in nonemergent cases. Most modern catheterization labs utilize “pulsed
fluoroscopy” modes, in which the x-rays are not sent out continuously, but
rather are pulsed to lower the total radiation emitted. The slower the pulse
rate, the lower the exposure.



Table 1.2

Relative radiation quantities

Quantity  Units of Measurement Whatltls What It Measures Why It’s Useful Conversion
between Old
and New Units

Absorbed gray (Gy) or milligray The amount of energy locally Measures concentration Assesses the potential 1 rad = 10 mGy

dose (mGy) [rad or millirad deposited in tissue per unit mass of of energy deposition biological risk to that specific

(mrad)] tissue in tissue tissue
Effective sievert (Sv) or millisievert  An attributed whole-body dose that ~ Converts any localized ~ Permits comparison of risks 1 rem = 10 mSv
dose (mSv) [rem or millirem produces the same whole-person absorbed or equivalent  among several exposed
(mrem)] stochastic risk as an absorbed dose to  dose to a whole-body individuals, even though the
a limited portion of the body risk factor doses might be delivered to
different sets of organs in
these individuals
Air kerma*  gray (Gy) or milligray The sum of initial kinetic energies of ~ Measures amount of Assesses the level of hazard at 1 rad = 10 mGy
(mGy) [rad or millirad all charged particles liberated by the  radiation at a point in the specified locationt
(mrad)] x-rays per mass of air space
Exposure millicoulomb-kr! The total charge of ions of one sign Measures amount of Assess the level of hazard at 1 millicoulomb-kgr'

[roentgen (R) or
milliroentgen (mR)]

produced by the radiation per unit
mass of air

radiation at a point in
space

the specified locationt

4 Roentgen (R)

CHAPTER 1 Basic Radiation Principles



CHAPTER 1 Basic Radiation Principles

Table 1.2 Continued

Quantity  Units of Measurement Whatltls What It Measures Why It’s Useful Conversion
between Old
and New Units

Equivalent  sievert (Sv) or millisievert A dose quantity that factors in the Provides a relative This is the most common unit 1 rem = 10 mSv

doset (mSv) [rem or millirem relative biological damage caused by ~ dose that accounts for ~ used to measure radiation risk

(mrem)] different types of radiations increased biological to specific tissues for radiation
damage from some protection of personnel*

types of radiations

* Air kerma can be presented in two separate ways. Incident air kerma is the kerma to air from an incident x-ray beam measured on the central beam axis at the position of the patient
and excludes backscattered radiation. Entrance surface air kerma is the kerma to air from an incident x-ray beam measured on the central beam axis at the position of the patient with
backscattered radiation included. The two may differ from each other by up to about 40%.

T Exposure and air kerma are both used for the same purpose. Exposure used to be the most common measure, but with the switch to international units, air kerma is the preferred unit.

# For x-rays, gamma rays, and electrons, there is no difference between absorbed dose and equivalent dose, i.e., 1 mGy = 1 mSv. This is not the case for neutrons and alpha particles, but
these radiation types are not relevant to x-ray exposure. The important issue is that cardiologists recognize that for their interests there is no practical difference between a measurement of]
mGy and that of mSv.

Reprinted from Hirshfeld JW, Balter S, Brinker JA, et al. (2004). ACCF/AHA/HRS/SCAI clinical competence statement on optimizing patient safety and image quality in fluoroscopically
guided invasive cardiovascular procedures: a report of the American College of Cardiology/American Heart Association/American College of Physicians Task Force on Clinical Competence
(ACCF/AHA/HRS/SCAI Writing Committee to Develop a Clinical Competence Statement on Fluoroscopy). Journal of the American College of Cardiology, 44:2259-2282. Copyright © 2004
American College of Cardiology Foundation. With permission from Elsevier.




The magnification utilized during imaging also affects the amount of radiation
emitted, with 5-inch (13-cm) modes requiring the greatest amount of radiation
to reduce image noise seen at these greater degrees of magnification. Imaging
on a 9-inch (22-centimeter) setting will help to reduce the amount of radiation
emitted, as opposed to using smaller imaging formats (i.e., 5-inch). Reducing the
frame rate at which patients are imaged will also help to reduce the radiation
exposure to the patients; if possible, operators should aim for 7.5-15 frames
per second. Other opportunities to decrease the radiation exposure by utilizing
equipment features are available for the operator. Collimation can be set up to
“frame” the area of interest within the picture, decreasing the impact of the air-
filled lung fields and thereby decreasing the overall energy necessary to create
diagnostic images. Likewise, the ability to store fluoroscopically derived images
and decreased cineangiographic runs are now commonplace in most labs.

Distance relates to radiation exposure by the inverse square law, which is
shown in the following equation: Radiation exposure = 1/distance?. This sug-
gests that the greater distance the operator is from the radiation source, the
lower the amount of radiation he or she will be exposed to during the proce-
dure. Operators should therefore get their catheters/equipment into place and
stand back as far as they can from the radiation source while performing fluo-
roscopy and cineangiograms. Based upon the way radiation is emitted from the
source, operators should also try to work in angiographic views that maximize
the distance between themselves and the radiation source (Table 1.3). Another
distance that is important to keep in mind is the distance between the image
receptor and the radiation source. Keeping the image intensifier or flat-panel
detector as close to the patient as possible will minimize both the radiation
dose and scatter.

Shielding is yet another protective mechanism. Because it is largely based
upon lead materials, shielding is often limited by weight. The lead aprons worn
in the past were both heavy and cumbersome; several previous operators are
currently experiencing orthopedic (specifically spine) injuries from wearing
lead for multiple decades.” Nearly half of the physicians surveyed in a SCAI
survey had experienced spine problems, compared with an incidence of 27.4%
in the average American population.® This has caused significant morbidity and
shortened the careers of many interventionalists. Newer, “lighter lead” protec-
tive gear will hopefully help to reduce these ailments, but it will still be very
important to limit the amount of time wearing leaded equipment and optimiz-
ing posture to further minimize risk (wearers of protective gear that uses lead
substitutes must ensure that they are getting the same risk-reduction levels with
whatever substance is being used). Leaded glasses are important to reduce eye
exposure and prevent cataract formation.” Making proper utilization of shield-
ing within the lab is also important to reduced exposure. All labs should have
a lead skirt that hangs off of the side of the table, and this should be pulled out
against the operator’s left hip to protect against under-table radiation scatter.
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CHAPTER 1 Basic Radiation Principles

Table 1.3 Radiation scatter and image view

Angiographic View Waist-level Scatter (mR/hr)
AP 34
RAO 30 20
LAO 30 103
Lateral 204

A ceiling-mounted shield should be utilized to abut against the patient and be
placed between the above-table detector and the operator to protect against
over-table scatter. Portable leaded shielding can also be utilized for procedures
that force the operator to be positioned closer to the radiation source.

The methods to measure how much radiation exposure a patient receives
are not ideal, given that these are not exact measures, but instead are estima-
tions based on models." The interventional reference point (IRP) is an approx-
imation of the dose received at the skin when the heart is used as the focus of
the imaging procedure, and it is measured in air kerma. The dose-area product
(DAP) is the air kerma multiplied by the x-ray beam cross-sectional area at
the point of measurement, and it is considered to be a representation of the
total amount of radiation administered to the patient. The DAP is usually mea-
sured from an ionization chamber in the x-ray tube or can be estimated based
upon generator and collimator settings. Some believe that DAP can used to
estimate stochastic risks from x-ray procedures. The IRP and DAP may be inac-
curate when cranial or caudal views are the primary working views during the
procedure.

Some illnesses may predispose patients to a higher risk of radiation-induced
skin damage. Hyperthyroidism, diabetes mellitus, ataxia telangiectasia, and col-
lagen vascular diseases (especially scleroderma, discoid lupus, and mixed con-
nective tissue disease) all increase the patient’s risk.' These patients may benefit
from limited radiation exposure, and diligence should be utilized to assess for
skin breakdown during clinic follow-up after their procedures.

Fetal exposure to radiation can be catastrophic and, in addition to the dose
received, the stage of gestation plays a role in long-term effects (Table 1.4).
Major consequences to the fetus include growth retardation, malformation,
and central nervous system defects, with childhood leukemia also being a risk.
Fluoroscopic procedures performed in pregnancy are not absolutely contrain-
dicated because the amount of radiation that the fetus is exposed to is small;
nonetheless, special care and consultation with a radiation safety officer are
recommended to help reduce risk to its absolute minimum.? According to the
Nuclear Regulatory Commission’s dose limits, women who work in the cath-
eterization or electrophysiology labs can choose not to declare their preg-
nancy and continue to work with the same radiation dose limitations as usual



Table 1.4 Maximum annual occupational dose limits

Maximum Annual Occupational Dose Limits mRem
Whole body 5,000
Extremities 50,000
Skin 50,000
Individual organs 50,000
Lens of the eye 15,000
Fetus (during the entire gestational period) 500
Minors (<18 years) working with radioactive materials 500
Individuals in the general public 100
Modified from http://www.nrc.gov/reading-rm/doc-collections/cfr/part020/
part020-1201.html

(5 Reml/year).? If she declares her pregnancy, the worker will be restricted to
500 mRem for the entire length of the gestation period to minimize risk. The
current recommendations for radiation protection in pregnant women are
summarized in Table 1.5.

Summary

Exposure to radiation is inherent in several cardiac imaging techniques and is
particularly relevant for the interventional cardiologist. The primary operator
should try to minimize exposure to him- or herself, catheterization lab person-
nel, and the patient by using shielding, the lowest possible dose of radiation, and
appropriate collimation.

Practical Pearls

e Overall goal is to limit patient and operator radiation exposure by:
e Increasing distance away from source of radiation
o Limiting total fluoroscopic time and cineangiographic runs
o Utilizing all possible shielding and barriers

Contrast Agents in the Catheterization Lab

lodinated contrast agents have progressively evolved since their first success-
ful intravascular use in the 1950s. All modern contrast agents are based upon
iodine, because of its ability to delineate vascular structures throughout the
body when used with x-ray imaging systems. Contrast agents are differentiated
by iodine concentration, osmolality, and ionicity (Table 1.6). Original contrast
agents are high-osmolar formulations and are poorly tolerated secondary to
intense flushing, myocardial depression, and ventricular arrhythmia with injec-
tion. These agents are ratio-1.5 ionic compounds, as they have three atoms of
iodine for every two ions. In addition to the side effects just listed, these agents
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Table 1.5 Radiation safety during pregnancy

Exposure

1. Pregnant women should be able to safely perform all duties provided that strict
attention is paid to exposure limits.

2. Exposure should not exceed 0.5 rem (5 mSv) over entire pregnancy or 0.05 rem
(0.5 mSv) in any single month.

3. Consider reducing exposure during gestational weeks 8-15 to reduce risk of fetal
mental retardation.

Shielding
1. Use same precautions as all operators.
2. Use maternity aprons.
3. Other shielding options are not recommended, such as:
—lead underwear
—double aprons, which may cause imbalance and injury
4. Inspect lead aprons fluoroscopically on a monthly basis.
Monitoring

1. Two film badges should be worn in the catheterization or electrophysiology
laboratory:

—one at neck outside of lead

—one at waist inside of lead
2. In the nuclear laboratory, two film badges should be worn:

—one at chest level

—one at waist level (if lead is worn, only the waist badge is worn under lead)
3. Badges should be monitored monthly, although weekly is ideal.

4. Women in the catheterization and electrophysiology laboratories, particularly with a
personal exposure history for the current year >0.1 rem, should monitor exposure
on a case-by-case basis using a pocket ionization chamber and maintain a record of
readings; this does not substitute for a badge that monitors cumulative exposure.

Counseling

1. Every woman has the prerogative to choose between continuing her professional
activities within exposure recommendations listed above or restricting them during
all or part of her pregnancy.

2. Such decisions should be based on knowledge of risks, monitoring options and
shielding techniques, and, most important, personal history of radiation exposures.

3. Every woman should have the opportunity to discuss these issues privately and
confidentially with an unbiased knowledgeable individual (e.g., a radiation safety
officer). At the time the pregnancy is declared, the woman and radiation safety
officer will review previous exposure records, evaluate monthly exposure history,
and plan activities and monitoring during the pregnancy.

4. Cardiology laboratory directors should recognize that pregnancy by itself should
not limit activities in the laboratory but should support female personnel who
choose to reduce their exposure by limiting their radiation-related activities.

Reprinted from Limacher MC, Douglas PC, Germano G, et al. Radiation safety in the practice of
cardiology. | Am Coll Cardiol. 1998;31:892-913, With permission from Elsevier.




Table 1.6 Characteristics of iodinated contrast agents

Type lodine Osmolality Viscosity Trade Name
(mg/mL) (mOsm/kg) @37°C  (Brand Name)
High-osmolar ~ Ratio 1.5 370 2076 8.4 Diatrizoate
(3:2) (Hypaque,
Renografin)
High-osmolar ~ Ratio 1.5 325 1797 28 lothalmate
(3:2) (Conray)
Low-osmolar ~ Ratio3 320 600 7.5 loxaglate
jonic dimer (6:2) (Hexabrix)
Low-osmolar ~ Ratio3 370 796 9.4 lopamidol
nonionic (3:1) (Isovue)
Low-osmolar ~ Ratio3 350 844 104 lohexol
nonionic (3:1) (Omnipaque)
Low-osmolar ~ Ratio3 350 792 9.0 loversol
nonionic (3:1) (Optiray)
Iso-osmolar Ratio 6 320 290 11.8 lodixanol
nonionic dimer  (6:1) (Visipaque)

also have very high osmolarity (approximately 1,500-2,075 mOsm/kg), which
is severalfold (>5 times) higher than blood and could contribute to an overall
volume imbalance in patients predisposed to such a condition (i.e., congestive
heart failure, renal insufficiency).

The second generation of contrast agents did not come into practice until
almost 30 years after the introduction of the high-osmolar agents. The ratio-3
agents are considered low-osmolar, given that their osmolarity is only twice
that of blood. These agents have three atoms of iodine for every one ion or
molecule in the structure. There are two subgroups, one being an ionic dimer
and the other a nonionic dimer. Because of their lower tonicity, these agents
produce fewer side effects; they have become the staple of several catheteriza-
tion labs throughout the country, based upon their improved side-effect profile
(compared to first-generation agents) and their affordable cost (compared to
third-generation agents).

The most recent contrast formulation to reach the market is a ratio-6 non-
ionic dimeric compound. This is the only iso-osmolar contrast agent, and it
actually requires the addition of sodium and calcium chloride to increase the
osmolarity to a level similar to blood. The major benefit of this agent lies in the
even further reduction of minor allergic reactions and some of the side effects,
such as flushing. To date, there is only one randomized trial showing superiority
of this ratio-6 agent to the nonionic low-osmolar compounds with regards to
the incidence of nephrotoxicity." Most trials have shown no significant differ-
ence in the development of nephrotoxicity between various agents, and other
factors such as minimizing contrast use and prehydration with normal saline are
more important aspects in reducing risk."~"? It is of the utmost importance that
the operator monitor how much contrast is utilized during a procedure and,
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in special patient populations (i.e., diabetics, the elderly, heart failure with ele-
vated EDP, and those with renal insufficiency), use low- or iso-osmolar agents
to further reduce risk and avoid invasive procedures altogether unless abso-
lutely necessary.

Contrast agents are associated with adverse events that demand particular
focus in that their treatment and/or prevention are important elements of clin-
ical practice in the catheterization lab. Allergic reactions to iodinated contrast
agents complicate fewer than 1% of all catheterizations but can be lethal if not
promptly recognized and treated. The reaction is technically anaphylactoid in
nature, as it involves mast cell degranulation and histamine release but does not
require previous exposure to contrast. Clinical manifestations of anaphylactoid
contrast reactions include everything from erythremia and urticaria to hemody-
namic collapse and shock. Treatment for anaphylactoid reactions and prevention
of subsequent reactions are summarized in Table 1.7. Successful treatment when
these reactions occur centers on prompt diagnosis and immediate therapy.

The more common complication of contrast administration is contrast-
associated nephropathy. It is most frequently defined as an increase in serum
creatinine of 25% or 0.5 mg/dL and occurs in 1%-15% of patients receiving
contrast."*"* Various patient-related risk factors have been shown to contrib-
ute significantly to the development of contrast nephropathy, and risk scores to
predict its occurrence have been developed (Fig. 1.2)." This type of risk predic-
tion identifies patients in whom measures should be adopted to try to decrease
their risk of developing nephropathy.

Reducing the incidence of contrast-related nephropathy centers around
assuring adequate volume status for the patient and limiting the total amount
of contrast administered. Total contrast dose has been shown to contribute
to this complication, and various authors have supported a threshold limit for
at-risk patients.’® Many strategies (including medications) have been studied as
potential paths that could reduce contrast-related nephropathy, and these are
summarized in Table 1.8. For the most part, pharmacologic agents have been

Table 1.7 Management of contrast reactions

Contrast Reaction Preprocedure Diphenhydramine 50 mg;
Prophylaxis prednisone 50 mg: at least 2 doses
12 hours and 1—4 hours prior to
procedure
Anaphalactoid Mild Reaction Diphenhydramine 25-5 mg IV
Treatment (urticaria)
Bronchospasm Diphenhydramine 50 mg IV;

hydrocortisone 200—400 mg
IV, albuterol inhaler (consider
epinephrine SQ 0.3 cc of 1:1,000,
repeat up to 1 cc for severe reactions)
Hypotension/Shock IV epinephrine 1:10,000) 0.1 mg IV
slowly over 5 minutes; hydrocortisone
400 mg; diphenhydramine 50-100 mg
1V; dopamine; ACLS support




Risk Factors Integer Score

|

Hypotension

IABP

Risk Risk of  Risk of

CHF Score CIN  Dialysis

£
Els

Age > 75 years 7.5% 0.04%

ﬂ

Anemia

6t0o 10 14.0% 0.12%
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Calculate
| Contrast media volume |—| 1 for each 100 cc3 | Mto16 26.1% 1.09%
|Serum creatinine>1.5mg/dl |—
> % 6%
OR 2 for 40 — 60 >16 57.3% 12.6%
eGFR < 60 ml/min/1.73 m? ] 4for20-40
GFR (ml/min/1.73 m?) = 6 for <20
186 x (SCr) 154 x (Age) 0203
x (0.742 if female) x (1.210
if african American)

Figure 1.2 Risk factors. Adapted with permission from Mehran R, Aymong ED,
Nikolsky E, et al. A simple risk score for prediction of contrast-induced nephropathy
after percutaneous coronary intervention. Development and initial validation. | Am Coll
Cardiol. 2004; 44:1393-1399.

Table 1.8 Summary of strategies to reduce co

nephropathy
Strategy Relative Benefit

Eliminate/hold administering other potentially nephrotoxic +/—-
agents (e.g., ACE-inhibitor or NSAID)

Hydration with 0.9% normal saline pre and post contrast +++
administration

Hydration with sodium bicarbonate +

Limit the overall amount of injected contrast (volume of +++
contrast/CrCl >3.7)

N-acetylcysteine +/-

Furosemide -

Mannitol

Fenoldopam —

Dopamine -

ACE, angiotensin-converting enzyme; NSAID, nonsteroidal anti-inflammatory drug; CrCl, creatinine
clearance.
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ineffective at dramatically reducing any patient’s risk of nephropathy, and rec-
ommendations continue to stress that fluid administration to assure adequate
intravascular volume is the most important preventative measure.

Summary

Contrast injection is an integral part of diagnostic and interventional cardiology.
Appropriate knowledge of the types of available contrast agents is important
for clinicians. Every effort should be made to minimize the amount of contrast
used during a procedure and ascertain that patients are adequately hydrated
before the procedure. Severe contrast reactions, although rare, need to be
identified early and treated aggressively to avoid fatality. Despite aggressive
treatment, deaths have occurred with severe contrast reaction.

Practical Pearls

e Current practice principally utilizes low-osmolar nonionic or iso-osmolar
nonionic agents.

e Risk factors associated with contrast nephropathy principally include
preexisting renal disease and diabetes.

e Anaphylactoid reactions require prompt treatment with diphenhy-
dramine, epinephrine, and hydrocortisone.
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Chapter 2

Antiplatelets,
Antithrombotics,
Vasodilators, and
Vasopressors

Calvin Choi and Mike Sarkees

Acute coronary syndrome (ACS), which is defined as acute myocardial infarc-
tion (M) or unstable angina, accounts for over 1.5 million annual hospitalizations
in the United States.! More than 1.2 million percutaneous coronary interven-
tions (PCls) are performed annually,' making this procedure the cornerstone
of modern cardiovascular revascularization, and it has advanced by leaps and
bounds since its inception. In addition to the technical aspects of PCl, adjunct
pharmacotherapy has evolved over the years, and it has a tremendous impact
on paradigm, efficacy, and clinical outcome. In this chapter, major adjunct phar-
macotherapy for PCI (antiplatelet agents, antithrombin agents, intracoronary
agents, and vasopressors) will be reviewed.

Antiplatelets

Endothelial injury, in particular, atherosclerotic plaque rupture, results in adhe-
sion, activation, and aggregation of platelets, which in turn cause flow-limiting
thrombus.2 As such, antiplatelet therapy (Table 2.1) plays a key role in adjunct
pharmacotherapy for PCl during elective and ACS situations.

Aspirin

Aspirin irreversibly inactivates cyclooxygenase (COX), with subsequent
inhibition of thromboxane A, production for the life of the platelet.? Thromboxane
A, propagates platelet activation, and it is a potent vasoconstrictor.?

The America College of Cardiology and American Heart Association (ACC/
AHA) recommends initiation and indefinite continuation of aspirin therapy
when coronary artery disease, and especially ACS, is suspected in the absence
of contraindications.?

Aspirin (325 mg) should be administered as soon as possible prior to PCI.*
For those patients who are initially unable to tolerate oral therapy, aspirin can
be administered per rectum.
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Table 2.1 Antiplatelet agents

Loading Dose Maintenance
Aspirin * 325 mg « BMS: 162-325 mg/day for at least 1
month then 75-162 mg/day indefinitely
« DES: 162-325 mg/day for at least 3—-6
months (3 and 6 months for sirolimus
and paclitaxel stents, respectively)
then 75-162 mg/day indefinitely
Clopidogrel * 300-600 mg « BMS: 75 mg/day for at least 1 month,
« 300 mg if PCl performed  ideally 1 year
within 12-24 hours of « DES: 75 mg/day for at least 1 year

fibrolytic therapy
Ticlopidine * 500 mg * 250 mg twice daily
Prasugrel * 60 mg » 10 mg once daily
« 5 mg/day for high-risk patients with
weight <60 kg and/or age >75 years
Ticagrelor * 180 mg * 90 mg twice daily

Glycoprotein llb/llla inhibitor

Abciximab « 0.25 mg/kg « 0.125 mcg/kg/min (maximum 10 mcg/
min) for 12 hours post PCI

Eptifibatide « 180 mcg/kg followed by« 2 mcg/kg/min (maximum 242 mcg/min)
another 180 mcg/kg in for 18-24 hours post PCI
10 minutes « For CrCl <50 mL/min, 1 mcg/kg/min
* Maximum 22.6 mg/bolus

Tirofiban « 0.4 mcg/kg/min for « 0.1 mcg/kg/min for 18-24 hours post PCI
30 minutes « For CrCl <30 mL/min, 0.05 mcg/kg/min
Cilostazol » 100 mg twice daily
Clopidogrel

Clopidogrel is a thienopyridine that inhibits adenosine diphosphate (ADP)-
mediated platelet aggregation by irreversibly binding the ADP P,Y receptor.®
Clopidogrel is a prodrug that requires conversion to an active metabolite
before binding to the ADP P,Y receptor to confer its antiplatelet activity.®

The ACC/AHA guidelines recommend dual antiplatelet therapy (clopidogrel
and aspirin), with a loading dose of clopidogrel for patients with ACS undergo-
ing PCI.3* A loading dose of 300-600 mg is recommended prior to PCI.° If PCI
is planned within 12-24 hours after fibrolytic therapy, a 300 mg loading dose of
clopidogrel can be considered.*

For ACS patients who receive medical therapy without PCl, and for those
who receive a bare metal stent (BMS), clopidogrel 75 mg/day is recommended
for at least 1 month; however, 1 year of therapy is considered optimal.? For
patients who receive a drug-eluting stent (DES), clopidogrel 75 mg/day for at
least 1 year is recommended.® For patients undergoing coronary artery bypass
grafting (CABG), clopidogrel should be withheld at least 5 days prior to the
surgery.®



Ticlopidine
Ticlopidine is an irreversible platelet ADP receptor inhibitor.” Ticlopidine ther-
apy has been largely abandoned in clinical practice and replaced by clopidogrel,
due to its potential adverse hematological reactions, including neutropenia,
agranulocytosis, thrombotic thrombocytopenic purpura, and aplastic anemia.
Ticlopidine is administered as a 500 mg loading dose followed by 250 mg
twice daily.” In case of clopidogrel allergy, ticlopidine therapy may be consid-
ered. Hematological adverse reactions tend to occur within the first few weeks
of initiation of therapy. As such, hematological adverse reactions should be
monitored closely during the first 3 months of use.

Prasugrel

Prasugrel, like clopidogrel, is a thienopyridine that inhibits ADP-mediated plate-
let aggregation by irreversibly binding the ADP P,Y receptor.® It also is a prod-
rug that requires conversion to an active metabolite before binding to the ADP
P,Y receptor to confer its antiplatelet activity.®

When compared with clopidogrel (300 mg load and 75 mg/day), prasugrel
reduced the composite of death from cardiovascular causes, nonfatal Ml, or
nonfatal stroke; however, it increased the risk of bleeding.®

Prasugrel is administered as a loading dose of 60 mg within 1 hour of the
completion of PCI, followed by a 10 mg/day maintenance dose for the patients
with ACS with or without ST segment elevation undergoing PCI.® Prasugrel
is contraindicated in patients with a history of stroke or in need of an urgent
surgery, including CABG surgery.? Prasugrel is generally not recommended for
patients who weigh less than 60 kg and/or are older than 75 years. However,
for high-risk patients (diabetes and/or previous MI), the drug dosage may be
reduced to 5 mg/day.®

Novel Antiplatelet Agents

Ticagrelor is a short-acting ADP P,Y receptor inhibitor that showed promising
results in a recent trial.” When compared with clopidogrel, ticagrelor signifi-
cantly reduced the composite of death from vascular causes, M, or stroke in
patients with ACS with or without ST segment elevation.” Ticagrelor is adminis-
tered as a loading dose of 180 mg followed by 90 mg twice daily.’

The main advantage of ticagrelor, when compared with currently available
ADP P,Y receptor inhibitors, is that it is functionally reversible once the effect
of the drug has worn off. Ticagrelor is currently being studied in clinical trials
but is not yet available for commercial use.

Glycoprotein llb/llla Inhibitors

Glycogen lIb/llla inhibitors bind to fibrinogen receptors and thus prevent plate-
let aggregation. Because of the risk for profound thrombocytopenia, the plate-
let count should be monitored after glycogen lIb/llla inhibitor infusion.

The ACC/AHA guideline indicates that the addition of glycoprotein llb/llla
inhibitor (eptifibatide or tirofiban) is reasonable for patients with ACS in the
absence of ST segment elevation Ml who develop recurrent angina despite dual
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antiplatelet and anticoagulation therapy or who are already on dual antiplatelet
therapy and will be undergoing PCI.> However, recent studies indicate that
routine upstream use of lIb/llla inhibitor may increase the risk of bleeding, and
clinical benefit may not be as robust as previously thought."®

Abciximab is a chimeric human mouse monoclonal antibody that is indicated
for PCl in conjunction with an antithrombin agent. Abciximab is administered
as 0.25 mg/kg bolus prior to initiation of PCI, followed by continuous infusion at
0.125 pg/kg/min (maximum 10 pg/min) for 12 hours post PCI."™

Eptifibatide is a cyclic heptapeptide used in conjunction with an antithrombin
agent during PCI. Eptifibatide is administered as a bolus, 180 pg/kg (maximum
22.6 mg) followed by another bolus 180 pg/kg 10 minutes after the initial bolus,
with a 2 pg/kg/min (maximum 242 pg/min) infusion after the first bolus for
18-24 hours post PCI." For creatinine clearance less than 50 mL/min, bolus
dose of 180 pg/kg is administered once, then a continuous infusion is reduced
to 1 ug/kg/min.”

Tirofiban is given as a bolus dose of 0.4 ug/kg/min for 30 minutes, followed
by 0.1 ug/kg/min for 18-24 hours of continuous infusion post PCL" For creati-
nine clearance of less than 30 mL/min, the rate of infusion is reduced by 50%."

Cilostazol

Cilostazol is a phosphodiesterase lll inhibitor that inhibits platelet adhesion.
Because of its association with increased mortality, cilostazol is contraindicated
in congestive heart failure of any severity.

There is evidence to suggest that triple antiplatelet therapy—the addition of
cilostazol to aspirin and clopidogrel or ticlopidine—may reduce the incidence
of stent thrombosis and restenosis.” Cilostazol is administered 100 mg twice
daily.

Antithrombotics

Despite potent antiplatelet therapy, patients with ACS are at risk for adverse
ischemic events. As part of the platelet adhesion, activation, and aggregation
continuum, clotting factors contribute to flow-limiting thrombus, resulting
in vessel obstruction with subsequent ACS; antithrombotics reduce this risk
(Table 2.2).

Unfractionated Heparin
Unfractionated heparin potentiates protease inhibitor antithrombin, which
inactivates clotting factors Xa and lla.?

Heparin is given as an initial bolus of 60 units/kg (maximum 4,000 units) fol-
lowed by 12 units/kg/hr (maximum 1,000 units/hr).> When used in conjunction
with a glycoprotein llb/lla during PCI, the goal-activated clotting time should
be 200-250 seconds; without it, 250-300 seconds by HemoTec or 300-350
seconds by Hemochron.?

Heparin dose response is highly variable, and it can cause heparin-induced
thrombocytopenia, as well as rebound hypercoagulable state. Heparin should



Table 2.2 Antithrombotics

Loading Dose Maintenance
Unfractionated * 60 units/kg * 12 units/kg/hr
Heparin » Maximum 4,000 units » ACT 200-250 seconds when used
in conjunction with glycoprotein
lIb/lla inhibitor

« Without glycoprotein llb/llla
inhibitor, 250-300 or 300-350
seconds by HemoTec or
Hemochron, respectively

LMWH* » STEMI: 30 mg IV bolus « STEMI or NSTEMI: 1 mg/kg SC
« For age >75 years, no every 12 hours
bolus « For CrCl <30 mL/min, SC every

* 0.3 mg/kg IV bolus if last 24 hours
SC dose was more than « For age >75 years, 0.75 mg/kg

8 hours before PCI every 12 hours
Bivalirudin « 0.75 mg/kg without « 1.75 mg/kg/hr up to 4 hours
previous bolus during PCI

« 0.5 mg/kg bolus just prior  * For CrCl <30 mL/min, 1 mg/kg/hr
to PCl if initial medical
therapy began with a 0.1
mg/kg bolus followed by
0.25 mg/kg/hr

Fondaparinux* e STEMI: 2.5 mg IV « STEMI or NSTEMI: 2.5 mg SC
« Use in conjunction with daily
50-60 units/kg IV heparin  « Contraindicated for CrCl
bolus during PCI <30 mL/minute

*Loading and maintenance dosages for LMWH and fondaparinux are for initial medical therapy.

STEMI, ST elevation myocardial infarction; ACT, activated clotting time; PCl, percutaneous coronary
intervention; NSTEMI, non-ST elevation myocardial infarction; CrCl, creatinine clearance.

ACT, activated clotting time; BMS, bare metal stent; CrCl, creatinine clearance; DES, drug
eluting stent; IC, intracoronary; IV, intravenous; LMWF, low molecular weight heparin; NSTEMI,
non ST segment elevation myocardial infarction; PCI, percutaneous coronary intervention; SC,
subcutaneous; STEMI, ST segment elevation myocardial infarction.

be discontinued at the end of PCI, and the arterial sheath removed promptly
when activated clotting time is less than 175-200.3

Low-Molecular-Weight Heparin

Low-molecular-weight heparin (LMWH) has a narrower spectrum of weight
distribution, which renders it more predictable with respect to dose response.
It has an increased half-life compared with unfractionated heparin. In addition,
the incidence of heparin-induced thrombocytopenia is still present, although
lower when compared with unfractionated heparin.® There are three com-
mercially available LMWH, but only enoxaparin is recommended by the ACC/
AHA3

In the setting of non ST-segment elevation ACS, enoxaparin is administered
1 mg/kg subcutaneously every 12 hours. In the setting of ST segment eleva-
tion ACS, enoxaparin therapy is initiated with an intravenous bolus of 30 mg,
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followed by 1 mg/kg subcutaneous dose every 12 hours. For elderly patients
(age >75), an intravenous bolus is eliminated in the setting of ST segment eleva-
tion ACS, and the maintenance dosage is reduced to 0.75 mg/kg subcutaneous
every 12 hours.?

During PCI, an additional intravenous 0.3 mg/kg enoxaparin can be admin-
istered if the last subcutaneous dose was more than 8 hours before PCI. After
PCl, the arterial sheath may be removed 6 hours after the last enoxaparin
dose.’

Direct Thrombin Inhibitor

Bivalirudin, a synthetic peptide, is a reversible direct thrombin inhibitor. In ACS,
bivalirudin therapy is initiated with a 0.1 mg/kg bolus followed by 0.25 mg/kg/
hr. Just prior to PCl, an additional 0.5 mg/kg bolus followed by 1.75 mg/kg/hr is
administered. If initial therapy was not administered prior to PCl, then a 0.75
mg/kg bolus, followed by 1.75 mg/kg/hr, can be administered at the time of PCI
and continued up to 4 hours.? For creatinine clearance of less than 30 mL/min,
the bivalirudin infusion rate should be reduced to 1 mg/kg/hr.

Factor Xa Inhibitor
Fondaparinux is a selective factor Xa inhibitor. Because fondaparinux therapy
is associated with increased incidence of catheter-related thrombosis,’ the
guidelines recommend that fondaparinux be used in conjunction with another
anticoagulant with anti—factor lla activity during PCI.?> Specifically, the ACC/
AHA guidelines recommend an intravenous unfractionated heparin bolus
(50-60 units/kg)®.

In the setting of non—ST segment elevation ACS, a 2.5 mg subcutaneous
dose is given daily. For creatinine clearance of less than 30 mL/min, fonda-
parinux is contraindicated.'

Intracoronary Vasodilators

During PCI, coronary artery vasospasm and no-reflow phenomenon can have a
significant adverse impact on the procedural outcome. The following pharma-
cological agents can be administered intracoronary to resolve these complica-
tions (Table 2.3).

Nitrates

Nitroglycerin in various forms can be administered to provide symptom relief
from angina and to control hypertension. An intracoronary nitroglycerin bolus
induces vasodilatation and can resolve coronary vasospasm. Because of its
antihypertensive property, the patient’s blood pressure must be sufficient to
tolerate nitroglycerin. A 100-200 pg intracoronary nitroglycerin bolus can be
administered to improve the estimation of vessel size, as well as the severity of
vessel stenosis."”



Table 2.3 Vasodilators and vasopressors.

Dosage
Bolus Infusion
Nitroglycerine * 100-200 pg IC at a time
Adenosine * 100 pg IC at a time
Calcium Channel
Blockers
Nicardipine » Up to 200 pg IC at a time
Diltiazem * 1 mgIC at a time, up to
2.5 mg
Dobutamine * 2-20 pg per kg per
minute IV
Dopamine * 1-15 g per kg per
minute [V
Epinephrine * 1 mg every 3-5 minutes [V 2-10 ug per minute [V
Phenylephrine * 0.04-0.1 mg every * 40-180 pg per minute IV
10 minutes IV
Norepinephrine 816 pg IV « 0.5-30 pg per minute IV
Adenosine

Adenosine (100 pg) can be administered intracoronary for reversal of
no-reflow phenomenon.” Because it can cause transient heart block, adenosine
should be used cautiously or avoided altogether in patients with underlying
heart block.

Calcium Channel Blocker

Nicardipine is a dihydropyridine calcium channel blocker that can be adminis-
tered intracoronary to reverse no-reflow phenomenon. In general, boluses of
up to 200 g can be administered at a time."”

Diltiazem is a nondihydropyridine calcium channel blocker that can be
administered intracoronary to reverse no-reflow phenomenon; 1 mg can be
administered at a time and repeated up to a total of 2.5 mg."” Because nondihy-
dropyridine calcium channel blockers can cause bradycardia, the patients’ heart
rate should be monitored closely.

Vasopressors

For the hemodynamically unstable patients presenting with ACS, vasopressor

support during PCl may be critical. The following agents are readily available

in catheterization laboratories around the country and should be administered

promptly to improve hemodynamic status and clinical outcome (Table 2.3):

o Dobutamine is a pure -agonist that can be administered as an intravenous
infusion at 2-20 pg/kg/min."”

CHAPTER 2 Antiplatelets, Antithrombotics
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Dopamine is a mixed a-, -, and dopaminergic agonist that can be adminis-
tered as and intravenous infusion at 1-15 pg/kg/min."”

Epinephrine is a mixed o.- and B-agonist that can be administered as an intra-
venous bolus (1 mg every 3-5 minutes) or as a continuous infusion at 2-10
pg/min.”

Phenylephrine is a pure a-agonist that can be administered as an intravenous
bolus (0.04-0.1 mg every 10 minutes) or as a continuous infusion at 40—180
pg/min."”

Norepinephrine is a mixed a- and -agonist that can be administered as an
intravenous infusion at 0.5-30 ug/min or given as a bolus."”

Practical Pearls

o Antiplatelet therapy plays a key role in adjunct pharmacotherapy for PCl dur-
ing elective and ACS situations.

Prasugrel, a potent novel ADP antagonist, is contraindicated in patients with
active pathological bleeding, a history of transient ischemic attacks or stroke,
or in need of urgent surgery, including CABG surgery.®

The ACC/AHA guidelines recommend fondaparinux use in conjunction with
an intravenous unfractionated heparin bolus during PCI.?

Phenylephrine, a pure a-agonist that can be administered as an intravenous
bolus or as a continuous infusion, is the most commonly used vasopressor in
the catheterization lab."”
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Chapter 3

Vascular Access (Femoral,
Brachial, Radial): Use of
Micropuncture Techniques

Rohit Bhatheja

Unarguably, vascular access has gained tremendous respect in the past few
years in the modern-day cardiac catheterization laboratory. The emphasis on
preventing bleeding and access complications as a major outcome or success
measure of a percutaneous coronary intervention (PCI) requires careful consid-
eration and planning, and technical precision on the part of the operator. The
aim of this chapter is to describe common arterial access sites and techniques.

Arterial Access Techniques

Arterial access is usually gained through the femoral, radial, or the brachial
artery. A micropuncture kit is very helpful in patients with severe periph-
eral arterial disease (PVD), feeble pulse, high risk of bleeding (smaller-gauge
needle), and also for radial and brachial access. A 21-gauge needle (short or
7-cm long depending on the kit) is introduced into the vessel using the same
technique for both femoral and radial access; then a 0.018-inch wire (stainless
steel or nitinol with stainless steel or platinum tip) is advanced under fluoros-
copy and placement is confirmed. A small skin incision is made, and a 4 or 5
Fr sheath/dilator assembly is introduced. This can then easily be switched to
a 6,7, or 8 Fr sheath over a 0.035-0.038-inch wire.

Some micropuncture kits, such as the Cook Micropuncture Kit (Flexor®
Check-Flo®) shown in Figure 3.1, have a .018-inch nitinol wire over which the 6
Fr introducer sheath can be directly placed in the vessel without exchanging it
for a4 or5 Fr sheath/dilator assembly. The hydrophilic coating of these sheaths,
when wet, provides an extremely low coefficient of friction, thus facilitating
introduction into and removal from the vascular system.

The micropuncture needle has a small lumen; hence, it may be sometimes
difficult to distinguish arterial from venous blood backflow. Fluoroscopic land-
marks or a small contrast injection via the 4 Fr sheath helps identify the vessel.
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The Bard Micropuncture Kit (Fig. 3.2) has a radiopaque sheath, making it easily
visualized. A micropuncture kit is a must for laboratories doing peripheral vas-
cular cases.

Figure 3.1 Cook micropuncture kit. This radial artery access kit utilizes a 21-gauge
needle for arterial access, over which a 0.018-inch nitinol wire is advanced. The outer
surface of the introducer and the distal tip of the inner dilator are coated with AQ®
hydrophilic coating. Depending on the manufacturer, sheaths are available in long

(23 cm), standard (13 cm), and short (7 cm) lengths.

Figure 3.2 Bard micropuncture kit. This kit contains 7-cm-long, 21-gauge access
needle with echogenic tip, a 45-cm-long, 0.018-inch guidewire, stainless steel or nitinol,
with stainless steel or platinum tips and a locking 10-cm sheath/dilator assembly.

The radiopaque sheath, dilator, and needle are easily visualized.
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Femoral Arterial Access

Which Side?

The right groin is accessed more frequently than the left because the operator
is on the right side of the patient. This reduces inadvertent loss of access during
manipulation of the manifold. However, patient preference, anatomic reasons
(presence of hernia or infected/indurated groin area), and previous scars and
surgeries—especially bypass grafts—are important considerations to keep in
mind when selecting the appropriate groin site.

Technique

Arterial access for coronary catheterization is most commonly gained via retro-
grade common femoral arterial (CFA) puncture using Seldinger’s technique and
utilizing an anterior wall stick of the CFA. The femoral artery is large enough
to accommodate both large-sized sheaths for complex coronary and valvular
interventions and also a balloon pump. The skin and the periadventitia over
the point of entry into the femoral artery are anesthetized with lidocaine. The
femoral artery is entered with a Cook needle about 1 cm below the inguinal
ligament till a flash of blood is obtained, then a guidewire is introduced. A small
skin incision is made (just big enough for the sheath to enter the skin site), and
the wire and the dilator are removed. The sheath is attached to the manifold,
flushed, and good pressure waveform is confirmed.

The femoral artery traverses the medial third of the femoral head in 97% of
patients.! Fluoroscopy is recommended at all times to delineate the entry site,

Figure 3.3 Femoral arterial access using fluoroscopic landmarks.
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which should be above the bifurcation of the common femoral artery but below
the origin of the inferior epigastric artery. This corresponds to the middle third
of the medial edge of the femoral head on fluoroscopy (Fig. 3.3). It is important
to understand that the skin entry site should be 1-2 cm lower (depending on
body habitus) than the skin marking corresponding with the middle of the femo-
ral head. This is because the needle is entered at approximately a 60-degree
angle to the skin; by the time the needle traverses the skin and subcutaneous tis-
sue, it is already directed cephalad. Meticulous attention to this detail will avoid
high-entry sticks to the femoral artery. This is important in both obese and lean
patients, and retraction of the pannus with the help of tape is important in obese
patients to keep the tissue layer over the arteriotomy site thin and taut.

A higher arteriotomy increases the risk for retroperitoneal bleeds,
whereas too low a cannulation predisposes to superficial femoral artery
cannulation and its attendant risks of dissection, pseudoaneurysms, and
arteriovenous fistula formation.

Although a micropuncture kit is not routinely used, in patients with large
pannus or severe PVD it may be helpful in decreasing the complication rate.
Absence of a groin pulse due to PVD may necessitate either ultrasound or
Doppler-guided access (Smart Needle), or even switching to radial access.
Directly accessing the brachial artery with a good palpable pulse, in the setting
of an acute coronary syndrome requiring quick access with feeble or absent
femoral pulses, may save time and myocardium (personal experience).

Complications related to femoral artery access include:
e Hematoma (1%—3%)
e Retroperitoneal hematoma (0.2%-0.9%)
o Arterial venous fistula (<0.5%)
e Pseudoaneurysms (1%—6%)
e Acute limb ischemia/acute arterial thrombosis (<0.1%):
e Dissection, distal embolization, small vessel
e Use of closure device (suture, collagen plug)

Practical Pearls

e Fluoroscopically guided access and proper deployment of the closure
device will prevent the majority of complications.

e Always examine all pulses (radial, brachial, and femoral) before draping
the patient.

e |f the patient has no palpable femoral pulse, use fluoroscopic landmarks,

arterial calcification, or Doppler needle (SmartNeedle) or switch to

radial access (author’s preference). Begin with micropuncture kit.

If you get vein first: leave the wire in and immediately go slightly lateral to this

wire to access the artery and insert the sheath. Remove the venous wire and

hold pressure for 2-5 minutes.

In cases of inability to advance a sheath, advance the wire more; avoid advanc-

ing the sheath over the floppy part of the wire. Sometimes predilation with

a 5 Fr dilator or exchanging for a stiffer wire over a 4 Fr catheter may be

required. Never push the wire against resistance. Rotational torque is the key.



o Access via bypass graft in the groin is possible if the graft is at least 4 weeks
old. Access should be at an angle of 30 to 45 degrees to avoid kinking of the
catheter. Puncture should be made proximal to the anastomosis site (usually
proximal to the inguinal incision).

o Longer sheath lengths are useful in patients with PVD and aortic aneurysms
(avoiding long catheter exchanges) and in obese patients.

Transradial Access

Compared to femoral access, transradial artery (TRA) access is safer, easier,
has lower procedure costs, leads to earlier patient mobilization, and is associated
with fewer bleeding complications and a corresponding trend for reduction in isch-
emic events. Routine use of a micropuncture kit or a dedicated radial artery access
set with a hydrophilic sheath is associated with most success.

Ulno-Palmar Arch Assessment

The following tests may be done to assess the adequacy of collateral circulation

to the radial artery:

o Modified Allen’s Test (MAT): The hand is held in a supine position and the
radial and ulnar arteries are compressed simultaneously. The patient is asked
to clench the hand several times, causing blanching of the palm. The com-
pression of the ulnar artery is then released and the time to achieve maximal
palmar blush is noted: normal is <5 seconds, abnormal is >10 seconds, any-
thing in between is intermediate.

o Plethysmography (PL) and pulse oximetry (OX) (Barbeau Index) (Fig. 3.4): Place
the detector on the thumb and compress the radial artery. Measure PL and
OX at 2 minutes.?

e Doppler ultrasound can be used for direct assessment of palmar circulation.

Abnormal MAT, PL, and OX tests should prompt the operator to seek an

alternate access site.

Although the choice of access side is operator dependent, left-sided radial
artery access facilitates coronary and left internal mammary graft cannulation.
Left-sided access may be associated with less stroke risk due to the separate ori-
gin of the left internal carotid and may be preferable to right-handed patients.

Arterial Puncture and Sheath Selection

The wrist area is slightly hyperextended, and access is obtained with micro-
puncture or a 19-gauge needle in the straight portion of the radial artery that is
2 cm proximal to the styloid process (Fig. 3.5). Inmediately after sheath inser-
tion, a spasmolytic cocktail consisting of 2.5-5 mg of verapamil and 200 pg of
nitroglycerine is administered intra-arterially. To prevent the potentially lethal
complication of radial artery occlusion, anticoagulation is achieved by injecting
3,000-5,000 units of intra-arterial heparin. Approximately 10% of patients may
develop radial artery spasm. The use of hydrophilic-coated sheaths is associated
with less arterial spasm during sheath removal. Confirmation of good pressure
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Radial Artery Compression
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Figure 3.4 Four different types of ulnopalmar arch patency as assessed by both PL and
OX with transducer applied on the thumb: (a) no dampening, (b) slight dampening of pres-
sure tracing, (c) loss followed by recovery, (d) no recovery within 2 minutes. OX positive:
oximetry present and constant; OX negative: no reading during compression. Reprinted from
Barbeau GR, Arsenault F, Dugas L, Simard S, Lariviere MM. Evaluation of the ulnopalmar
arterial arches with pulse oximetry and plethysmography: Comparison with the Allen’s test in
1010 patients. Am Heart | 2004;147:489-493, with permission of the publisher (Elsevier).

Radial artery Ulnar artery
~

Radial styloid
process —»
Palmar arch

Figure 3.5 Palmar arch.




waveform and advancement of the 0.035-inch wire under fluoroscopy into the
ascending aorta is done, then the diagnostic catheter is advanced over this wire.
Catheters are now available that can engage both left and right coronary arter-
ies, thus obviating the need for catheter exchanges, which is typically done over
an exchange-length (260-cm) J-tipped 0.035-inch wire.

Anatomical variation in the normal radial artery (Fig. 3.6) may be encountered
in up to 14% of cases, with a similar 14% rate of procedural failure. Anomalies
include high bifurcating radial artery (above the intercondylar line of humerus)
(Fig. 3.7), full radial loop (Fig. 3.8), extreme tortuosity, accessory branches, and
radial atherosclerosis.? It is extremely important to remove the sheath meticu-
lously after the procedure is over. Hemostasis can be achieved with specifically
tailored radial compression systems (TR Band; Terumo Medical, Tokyo, Japan,
or RADI-Stop; Radi Medical Systems, Uppsala, Sweden) (Fig. 3.9).

Brachial artery

N

Radial artery

\y

Figure 3.6 Normal radial artery anatomy.
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High bifurcating
radial artery

Figure 3.7 High bifurcating radial artery at the middle third of the humerus.
Reprinted from Lo TS, Nolan J, Fountzopoulos E, et al. Radial artery anomaly and its
influence on transradial coronary procedural outcome. Heart. 2009;95:410-415, with
permission of the publisher (Elsevier).
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Figure 3.8 Radial artery intervention. (A) Radial artery loop; (B) crossing and straight-
ening the loop with a 0.014-inch guidewire and then inserting a 4F catheter (C) with a
counterclockwise rotation. Reprinted from Lo TS, Nolan J, Fountzopoulos E, et al. Radial
artery anomaly and its influence on transradial coronary procedural outcome. Heart.
2009;95:410-415, with permission of the publisher (Elsevier).



Figure 3.9 TR Band radial compression system.

Complications Related to Radial Artery Access

e Hematoma, bleeding, pseudoaneurysms, arterial thrombosis/occlusion, dis-
section (1%—2%)

o Stroke/brain emb olization during manipulation of the right subclavian
(19%-2%)

Practical Pearls

e It is mandatory to do ulno-palmar arch assessment before radial artery
access.

o Slight hyperextension of the wrist, minimal infiltration of lidocaine, and single
stick of the artery just proximal to the wrist crease are keys to success.

o Always secure the sheath with sterile dressing or a silk suture.

e Use hydrophilic sheaths.

o Prep the groin (if anticipating balloon pump, severe subclavian disease).

o Always advance the wire under fluoroscopy.

o Recognize the anatomical variations of the radial artery.

e Transradial artery access is preferred over brachial.

o Remove the sheath promptly post procedure.

Brachial Artery

A brachial artery approach is usually reserved for patients with (a) inadequate
ulno-palmar collaterals precluding TRA, or (b) cases in which femoral access can-
not be done due to severe PVD, and (c) when larger sheaths (7-F or more) are
needed and cannot be used via TRA.* Also, in situations involving lower extremity
interventions, this approach provides a longer working length than TRA.

Technique

The area over the antecubital fossa is prepped and draped, and the arm is
placed in supination with slight abduction. After local anesthesia, using a
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21-gauge needle, percutaneous access to the brachial artery is obtained just
proximal to the skin fold, medial to the biceps tendon (Fig. 3.10). The sheath is
then inserted and stabilized either with a dressing or a suture.

Complications

e Dissection, thrombotic occlusion, hematoma formation, pseudoaneurysm,
median nerve compression

e Risk is higher with operators who use this technique infrequently.

Practical Pearls

e Try to use TRA instead of brachial access unless there is a need for larger
sheaths (7-F or more), lower extremity interventions, or abnormal Allen’s
test.

e Prompt sheath removal post-procedure, use of arm board, and frequent
pulse/limb check are critical to minimize complications.

e Transradial artery or brachial access is contraindicated in patients with
Buerger disease, Raynaud disease, and known upper extremity vascular
disease.

Brachial artery

Lateral
humeral Medial Humeral
epicondyte epicondyte
L Needle
Biceps entry
tendon
Radial Ulnar
artery artery

Figure 3.10 Normal brachial artery anatomy. Reprinted from McMullen PW, Jenkins
JS. Arterial access for endovascular interventions: radial and brachial arterial access.

In: Heuser RR, Henry M, eds. Textbook of peripheral vascular interventions. Informa
HealthCare; 2008:21-25, with permission of the publisher.
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Chapter 4

Guiding Catheters,
Guidewires, Balloon
Catheters, and Cutting
Balloons

Avrijit Dasgupta and Sharat Koul

The most important step in the safe and successful performance of percutane-
ous coronary intervention (PCl) remains the operator’s ability to select the
appropriate guiding catheter, guidewire, and balloon catheter for each case.’
This chapter reviews the design of these pieces of interventional equipment
and the steps to consider in their selection.

Guiding Catheters

The role of the guiding catheter in PCl is summarized in Table 4.1.
To accomplish all of these objectives, the operator should address the fol-
lowing questions prior to catheter selection (Table 4.2).

Support

Table 4.3 summarizes the concept of support.
As seen in Table 4.3, passive support is a function of the guiding catheter and
aortic root factors. These factors are summarized in Table 4.4.

Table 4.1 Guiding catheter objectives

Provide adequate support for the specific PCI procedure to be performed.

Provide safe, coaxial engagement to the specific coronary ostium.

Allow injection of contrast and passage of interventional equipment through the
coronary artery.

Table 4.2 Questions to address prior to guiding catheter

selection

How much support is needed for the specific PCI?

What is the target coronary artery take-off anatomy?

What is the guiding catheter luminal size needed?
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Table 4.3 Support

Definition Ability of a guiding catheter to accommodate forward
passage of interventional equipment through the coronary
vasculature without prolapse of its tip back into the aorta/
aortic sinus’

Types of Support Passive support: provided by properties of the guide catheter
and its interaction with the aortic root

Active support: provided by operator-dependent techniques
(e.g., deep-seating the guide into the coronary artery)

Table 4.4 Factors affecting the passive support of a guide
catheter

Increased Passive Support Provided Decreased Passive Support Provided

Larger luminal diameter (7 Fr, 8 Fr, 9 Fr) ~ Smaller luminal diameter (6 Fr, 5 Fr)

Larger angle between catheter secondary  Smaller angle between catheter secondary

curve and contralateral aortic wall curve and contralateral aortic wall
Longer length of contact between Shorter length of contact between
catheter secondary curve and catheter secondary curve and
contralateral aortic wall contralateral aortic wall

Inherent stiffness of catheter due to wire  Lack of wire braid/nylon in catheter
braid/nylon construction construction

Figure 4.1 illustrates the importance of the interaction of the aortic wall with
the guiding catheter in enhancing passive support2.

Guiding catheter construction is a key component of support.® Figure 4.2
illustrates the composite three-layer design found in modern guiding catheters:
an inner lining of Teflon or polytetrafluoroethylene (PTFE) affords a low coeffi-
cient of friction to allow smooth balloon and/or stent passage, a middle layer of
fine braided wire provides stiffness and torque control capability, and an outer
layer of nylon blends increases the strength of the catheter. Most catheters also
have a smooth exterior coating, which is nonthrombogenic.

Figure 4.3 summarizes clinical scenarios in which differing amounts of sup-
port are needed.

Coaxial Engagement

Due to significant variations in the take-off of the coronary arteries from the
aortic cusps, coaxial engagement is often not straightforward. The typical ori-
entation of the left main coronary artery (LMCA) is an orthogonal projection
from the middle portion of the anterior left coronary sinus just inferior to the
sinotubular junction. Figure 4.4 demonstrates variant LMCA take-off. Similarly,
the typical right coronary artery (RCA) orientation is an orthogonal projec-
tion from the middle of the right anterior coronary sinus just inferior to the
sinotubular junction. There is considerably more variation of the RCA ostium
in terms of location in the sinus and orientation of take-off compared to the
LMCA. Figure 4.5 illustrates the most common variants of the RCA ostium.
Figure 4.6 summarizes some appropriate guides that can be used to cannulate
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Figure 4.1 Importance of secondary curve and aortic wall angle in support. Ikari

et al.2 performed elegant experiments to analyze the physics of support provided

by guiding catheters. Their findings confirmed the clinical experience that support is
affected by two aortic root factors: (1) the angle the catheter makes with the con-
tralateral aortic wall, and (2) the length of the contact area of the catheter against the
contralateral wall. This highlights the importance of considering aortic root dimensions
in determining the likely amount of support provided by the guiding catheter. 0 refers
to angle between catheter and contralateral wall; r, radial access; f, femoral access.
Reprinted from Ikari Y, Nagaoka M, Kim ]Y, Morino Y, Tanabe T. The physics of guiding
catheters for the left coronary artery in transfemoral and transradial interventions. | Invas
Cardiol. 2005;17:636-641, with permission of the publisher (HMP Communications).

Braid

Figure 4.2 Features of guide catheters. Reprinted from Holmes DR, Mathew V. Atlas
of interventional cardiology, 2nd ed. Philadelphia: Current Medicine, Inc.; 2003, with
permission of the publisher (Current Medicine Group LLC).
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Less Support Needed:

o Ostial lesion

» Type A lesion

« Non-tortuous native vessel

» Low-profile device deployment

More Support Needed:

o Distal lesion

* Type B/C lesion

« Tortuous vessel

« High-profile device deployment

i,

Figure 4.3 Clinical scenarios with differing support needs.

Posterior

Anterior

Figure 4.4 Variations in left coronary artery (LMCA) take-off. The projection of the
LMCA can vary in terms of both a superior/inferior plane (left) and an anterior/posterior
plane (right). Frontal and horizontal views showing the three most common variations of
the origin of the left coronary artery. On the left figure, 1, inferior tilt; 2, normal orthogonal
origin; and 3, superior tilt. For the figure on the right, 1, anterior tilt; 2, normal orthogonal
origin; and 3, posterior tilt. NC, Noncoronary sinus; R, right coronary sinus; L, left coronary
sinus. Reprinted from Ellis SG, Holmes DR. Strategic approaches in coronary intervention,

3rd ed. Philadelphia: Lippincott Williams & Wilkins, 2006, with permission of the publisher
(Wolters Kluwer Health).

Figure 4.5 Variations in right coronary artery (RCA) take-off. The most common
variants of RCA origin variation are (1) normal, (2) shepherd’s crook, and (3) low ectopic
origin with horizontal course. Reprinted from Ellis SG, Holmes DR. Strategic approaches
in coronary intervention, 3rd ed. Philadelphia: Lippincott Williams & Wilkins, 2006, with
permission of the publisher (Wolters Kluwer Health).



these types of variant coronary take-offs® (e.g., anterior, posterior, inferior,
superior, and high take-offs) but, in the majority of cases, clinical trial and error
will dictate the most appropriate guide.

Guide Lumen Size

Currently, the guiding catheter size for routine PCl is 6 Fr, although some oper-
ators are starting to use 5 Fr systems for standard cases. The 7 or 8 Fr cath-
eters are commonly used in cases with bifurcation lesions or complex coronary
anatomy requiring rotablation.

Typical Guides
In the modern era, guiding catheters are available in all conventional Judkins
(left and right) and Amplatz (left and right) shapes, as well as in a wide range of
custom shapes, for example, extra back-up (XB) and multipurpose (MPA). All
shapes come with a soft, radiopaque tip to minimize ostial trauma on engage-
ment (Fig. 4.7).

The key features of these common guiding catheters and their associated
advantages and disadvantages are summarized in Table 4.5.

Figure 4.8 illustrates the properly sized Judkins Left (JL) catheter compared
to an oversized and undersized JL catheter.

Amplatz guides are especially useful for PCl involving the left circumflex®
(LCX), as the Judkins left tends to point toward the left anterior descending

Posterior

JR 4 Modified J;B%oggﬁed
MPA .

RCA Inferior LCA
AL3
AR 2 JL35 AL1 JL2
JR3.5 XB 3.0 AR 2 XB 3.5
w Superior

Figure 4.6 Coronary variations and appropriate guide catheters. From Cordis
Corporation. Cordis VistaBrite Tip; Shapes for variable take-offs. Johnson & Johnson, 2007,
with permission of the publisher.

['d
S
]
b
-}
=
N
LS
o
©0
&
=
5
o
-
o
w
[
o
<
T
(v)




CHAPTER 4 Guiding Catheters

Figure 4.7 Commonly used angioplasty guide catheters for the native coronary
arteries. From left to right, the Judkins left (JL) coronary curve, the Judkins right (JR)
curve, the Amplatz left (AL) coronary curve, and the Amplatz right (AR) coronary
curve. Reprinted from Holmes DR, Mathew V. Atlas of interventional cardiology, 2nd ed.
Philadelphia: Current Medicine, Inc., 2003, with permission of the publisher (Current
Medicine Group LLC).

Figure 4.8 Judkins catheter position. The appropriate size of a JL guide catheter is
based on the width of the patient’s ascending aorta. Left: The properly sized JL guide
easily engages the left coronary ostium as the tip tends to automatically move upward
and find the left coronary ostium once the guidewire is removed. If it does not, once in
the left coronary sinus, gentle counterclockwise rotation will direct the guide anteriorly
where it will usually find the left main coronary artery ostium. Middle: A JL guide that
remains in the vertical axis of the ascending aorta and whose tip points down in the
aortic sinus is too large and should be changed for a smaller size. Right: A JL guide that
has either refolded in the aortic root or whose tip points up is too small and should be
changed for a larger size. Reprinted from Holmes DR, Mathew V. Atlas of interventional
cardiology, 2nd ed. Philadelphia: Current Medicine, Inc., 2003, with permission of the
publisher (Current Medicine Group LLC).



Table 4.5 Features of common guiding catheters

Name Curvature Size (cm)

Advantages

Disadvantages

Judkins Left (JL)

-~

Determined by length of arm
between 1° and 2° curves:
JL3.5, JL4, JL5, L6

1° curve: 90 degrees
2° curve: 180 degrees

« Adequate for straightforward
LAD PCI cases

» May be best choice in ostial
lesions

« Sharp primary curve may limit
coaxial alignhment in many cases

« Poor support in complex LCX
cases

Judkins Right (JR) Determined by length of
secondary curve:

JR3.5, |R4, |RS, JR6

1° curve: 90 degrees
2° curve:30 degrees

« Adequate for simple RCA PCI
cases

Primary curve limits coaxial
engagement in anterior RCA and
superiorly RCA take-off

Amplatz Left Amplatz
Right (AR)

Determined by length of
secondary curve: AL1-AL3,
AR1-AR3

1° curve: tapered tip
perpendicular to secondary
curve

2° curve: pre-shaped half
circle

* Provides excellent support for
most complex PCI

« Appropriate for LCX lesion

« Useful in cases where JL/JR
guides unable to provide
adequate support

May not be useful and is not
recommended for ostial lesions

Extra Back-Up (XB) Straight tip with long circular

curve

Determined by length of
secondary curve: XB3.0, XB
3.5, XB4.0

* Provides excellent support due
to long circular curve laying
against contralateral aortic wall

« Commonly used in most labs
as workforce guide for left
coronary interventions

May not be appropriate for very
short left main

Multipurpose (MPA) Straight with single minor

bend at tip (primary curve)

Can be used for hard to engage
grafts

Not used commonly

PCI, percutaneous coronary intervention; LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery.
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(LAD) artery, and also for the RCA with an anterior or superior take-off. The
appropriate positioning of an Amplatz guide is illustrated in Figure 4.9.

The XB catheter is an excellent guide catheter used predominantly in com-
plex LAD/LCX lesions. Figure 4.10 summarizes its appropriate positioning.

Figure 4.9 Appropriate left Amplatz guide position. Use of an Amplatz guide requires
proper sizing of the aortic root. The smallest root requires an AL1, a normal root in a male
requires an AL2 (usually a smaller size is required for women), and a large aortic root needs

an AL3. If the tip of the Amplatz does not reach the ostium and lies below it, the guide is

too small; conversely, if the tip lies above the ostium it is too large. Engagement of the left
main coronary artery is achieved by counterclockwise rotation and advancement in the right
anterior oblique projection. The secondary curve usually lies in the noncoronary cusp when
engaging the left main coronary. Withdrawal of the guide requires further advancement until
the tip prolapses out of the ostium, followed by rotation. Simply withdrawing the catheter risks
further deep seating and possible ostial trauma. Reprinted from Douglas JS. Selection and use
of basic equipment, guiding catheters, wires, and balloons. In: Kern M}, Berger PB, Block PC,
Klein L, Laskey W, eds. SCAI Interventional Cardiology Board review book. Philadelphia: Lippincott
Williams & Wilkins, 2006, with permission of the publisher (Wolters Kluwer Health).

Figure 4.10 Appropriate XB guide position. The XB catheter provides excellent
support for complex PCl cases due to its long curve resting against the contralateral
aortic wall. Engagement of the left main coronary artery by this catheter is usually straight-
forward and relies on clockwise and counterclockwise rotation in the RAO projection.
Reprinted from Douglas JS. Selection and use of basic equipment, guiding catheters, wires,
and balloons. In: Kern M, Berger PB, Block PC, Klein L, Laskey W, eds. SCAI Interventional
Cardiology Board review book. Philadelphia: Lippincott Williams & Wilkins, 2006, with permis-
sion of the publisher (Wolters Kluwer Health).



Algorithms for Guide Selection

Figures 4.11-4.13 summarize general algorithms for guide catheter selection,
based on clinical practice.

, Is Left Main Coronary Artery Diseased, Calcified, or Short? ‘

Yes No, Left Main is Normal

|

Does Vessel or Lesion Pose Significant Challenges?
(e.g, significant tortuosity)

Is Left Anterior Descending Tortuous,
Calcified, or Lesion is Distal?

Yes No No, LAD is Normal Yes

Consider XB or AL Guide
(Accepting possible
increased risk of LMCA

Consider XB or AL Guide
»| s Lesion Bifurcating with Possibility or Double Stent?
Or is Lesion Likely to Require Rotational Atherectomy?

|
Yes No

Consider 7Fr/8Fr Guide Consider 6FR Guide

Figure 4.11 Guide selection algorithm for left anterior descending (LAD)-based
interventions. (Note: algorithm assumes femoral arterial access is applicable to most
clinical scenarios, but may not apply in anomalous or variant coronary artery take-offs.)

|Is Left Main Coronary Artery Diseased, Calcified, or Shcrt?l

Yes No, Left Main is Normal

v

Does Target Vessel or Lesion Pose Significant
Challenges? (e.g. calcification, tortuosity)

Assess Bifurcation of Left Main in LAO Caudal View.
Is the angle between the LAD and LCX Sahllow or
Wide**?

No Yes Wide Shallow

L

Is Lesion Distal?
Or is Vessel Calcified or Tortuous?

,_I_l

A 4
Consider JL Guide IConsider XB or AL Guide[¢————— Yes No
Is Lesion Bifurcating?
Or does It Require Rotational Atherectomy? | ConsidenliGuide

#Note: This
is (Te referred
angle in the
‘|
caudal view

LCx

Yes No

Consider 7Fr/8Fr Guide Consider 6Fr Guide | Left Main

Figure 4.12 Guide selection algorithm for left circumflex (LCX)-based interven-
tions. (Note: algorithm assumes femoral arterial access and is applicable to most clinical
scenarios, but it may not apply in anomalous or variant coronary artery take-offs.)
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| Is the Ostium of the Right Coronary Artery Diseased? |

No, RCA is Normal

Is the Proximal RCA Angulated (Shepherd's Crook?) Does the RCA have Multiple
Or is the Lesion Long or Distal? Lesions?
Or is the Vessel Calcified?
I

No Yes Yes No

v v ‘

Consider JR Guide | [Consider AR or AL Guide| ~[Preference for AR Guide| [Consider JR or AR Guide]
[ [ [ I

|

Is Lesion Bifurcating?
Or Will It Require Rotatablation?

Yes No

Consider 7Fr/8 Fr Guide Consider 6FR Guide

Figure 4.13 Guide selection algorithm for right coronary artery (RCA) interven-
tions. (Note: algorithm assumes femoral arterial access is applicable to most clinical
scenarios, but may not apply in anomalous or variant coronary artery take-offs.)

Table 4.6 Guidewire design

Design Element Composition

Central core Stainless steel or nitinol; usually 145 cm long

Distal tip Core taper with polymer sleeve vs. wire coil
spring; usually distal 2040 cm

Coating Hydrophobic or hydrophilic

Guidewires

The modern guidewire has three main components* (Table 4.6 and Fig. 4.14).

The differing characteristics of guidewires are due to variations in the listed
components, and they can be described in terms of six main features, as shown
in Table 4.7

The design of the distal tip in terms of central core taper and weld design
plays a major role in determining the property of the wire. Overall, there is
a tradeoff between torquability, support, malleability, and trackability on one
side and flexibility on the other. Figure 4.15 illustrates the effect of core taper
on wire properties, and Figure 4.16 illustrates the effect of tip weld design on
wire property.

The final step in the construction of a guidewire includes radiopacity pro-
vided by platinum coils and the application of an outer coating, which can be
either hydrophobic, hydrophilic, or a hybrid.



Table 4.7 Guidewire features

Feature Definition Design Component

Stiffness Strength of wire Core composition, core diameter, and
length of core taper; stainless steel,
large diameter, and short taper with
increased strength

Flexibility Ability of wire to bend with ~ Core composition, core diameter,
direct pressure; relates to length of core taper, tip design; nitinol,
wire’s ability to cross lesions  smaller diameter, longer core taper,
without causing endothelial and shaping ribbon tip with increased
trauma flexibility

Torquability ~ Ability of wire to transmit Core composition, core diameter,
rotational forces from length/type of core taper, and tip design;
proximal to distal tip; relates stainless steel, large diameter, short
to wire’s ability to advance  taper with parabolic taper, and core-

through tortuous vessels to-tip design with increased torquability
Malleability Ability of wire to attain and  Tip design; shaping ribbon tip increases
retain desired shape malleability
Trackability Ability of wire body to Core composition, core diameter, and
follow tortuous course and  length of core taper; stainless steel,
ability of balloon to trail large diameter, and short taper with
along guidewire increased trackability
Tactile Feel of wire tip behavioras  Coating; hydrophilic coat decreases
feedback perceived by operator tactile feedback

Seerenrenrenneny . . T Ty

aandtssanaanne sttt RARARNRALE u!-!

Central core Distal tip comprising core taper and tip Coating
weld with wire core spring versus polymer

Figure 4.14 Wire construction.

Soft, atraumatic
radiopaque spring tip

Forte Floppy Silicone coated Small core
) Longer taper
i e e SIS S E XTI TSI TIITIT S
mm%nﬂf:!mnuunu More flexible
Teflon coated Less support
Silicone  Soft, atraumatic
. coated radlopaque sprmg tip
Patriot |——Patented dual support region — l } 2cm
Srar Sono R
[ LELEE
Teflon coated I 32cm
Soft, atraumatic
" radiopaque spring ti
Trooper Extra Support Silicone coated paq o pring _P
i 2 L Larger core
on;;" S Shorter taper
- Less flexible

More support

Teflon coated b 32cm

Figure 4.15 Core taper and effect on wire behavior.
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A External wire coil Shaping ribbon

Sequential taper Tip

Figure 4.16 Guidewire tip design. At the distal segment of the wire, where the core
starts to taper, stainless steel coils can cover the tip and tapered core. A variation is the
use of a proprietary polymer coat in the distal portion instead of stainless steel coils. The
effect of these coils or polymer coats is to keep the diameter of the wire constant as the
core tapers and also to add flexibility to the distal portion of the wire. Wires can be con-
structed either with (A) the core attached to the tip weld via a shaping ribbon (shaping
ribbon construction) or (B) the core extending all the way to the tip with the core being
flattened at the tip (uniweld/core-to-tip construction). The shaping ribbon construc-

tion produces a floppy tip with increased flexibility but decreased torquability, whereas
the uniweld design give increased tip control but decreased flexibility. Reprinted from
Holmes DR, Mathew V. Atlas of interventional cardiology, 2nd ed. Philadelphia: Current
Medicine, Inc., 2003, with permission of the publisher (Current Medicine Group LLC).

Table 4.8 Guidewire selection issues

PCI Scenario Wire Requirements
Regular coronary anatomy Moderate flexibility, moderate support
Tortuous coronary anatomy Torquability and trackability properties become

most important

High support requirements Support is most important

Chronic total occlusion (CTO) Support, torquability important; usually with
uniweld tip design, short core taper, hydrophilic
coating

Guidewire Selection
Guidewire selection is based on the specific PCl scenario and can be classified
into four general groups,® as summarized in Table 4.8.

The best approach to guidewire choice is to select a “workhorse” wire for
each of the scenarios summarized in Table 4.8 and become thoroughly familiar
with the selected wire’s behavior. Once workhorse wire behavior is mastered,
the operator can expand to other wires if the workhorse wire is unlikely to be
adequate for a certain clinical scenario. Table 4.9 summarizes some appropriate
workhorse wire choices for each of these clinical scenarios.



Table 4.9 Workhorse wires

Universal (Abbott)

(Boston Scientific/
Guidant)

Regular Anatomy Tortuous Extra Support CTO
Anatomy

Balance Middle Whisper wire Balance Asahi Miracle

Weight (BMW)/BMW  (Abbott) Heavyweight Bros (Abbott)

Asahi Light (Abbott)

CholCE PT Floppy
(Boston Scientific/
Guidant)

Ironman (Boston
Scientific/Guidant)

Confianza
(Abbott)

CholCE Floppy

Asahi Prowater

CholCE Extra

Cross-IT (Boston

(Boston Scientific/ (Abbott) support (Boston Scientific/
Guidant) Scientific/Guidant) ~ Guidant)
High Torque Floppy PT Graphix (Boston Mailman (Boston Pilot (Abbott)
(Boston Scientific/ Scientific/Guidant)  Scientific/Guidant)

Guidant )

CTO, chronic total occlusion.

Table 4.10 summarizes the specifications of common workhorse
guidewires.

Guidewire Handling

Once the appropriate wire has been selected, the operator should shape a
curve at its distal tip to help guide entry into the artery of interest:

o A large, broad curve will select the LAD over the LCX.

e A sharper curve will select the LCX or branch vessel.

Once the wire is in the artery of interest, it must be advanced through the
lesion into the distal coronary vasculature. This is accomplished through a com-
bination of torquing and steering of the selected wire. Although all operators
have differing specific technical preferences regarding the appropriate combina-
tion of steering with torquing of the wire, most operators use their right hand
to manipulate a torquing device by 180 degrees via repetitive clockwise/coun-
terclockwise rotation, while their left hand is used to steer and advance the
wire. As the wire is being advanced, the operator must constantly observe the
wire to ensure the tip does not prolapse. If prolapse occurs, it suggests that the
tip is catching on an atherosclerotic lesion, and further advancement risks inti-
mal injury. The wire should be promptly withdrawn until the prolapse reverts,
then rotate the tip and advance the wire again. This technique is repeated until
the wire safely reaches the distal vasculature. Following this, the appropriate
balloon catheter is selected and advanced over the wire.
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Table 4.10 Specifications of common workhorse guidewires

Wire Type Support Core Material Tip Flexibility Tip Style Tip Design Coating
(Manufacturer)

Regular Anatomy Wires (0.014”’)

Choice Floppy Light Stainless steel Floppy Springcoil Uniweld Hydrophilic with distal tip
(Boston Scientific) uncoated

Whisper Light/Moderate  Stainless steel Intermediate Polymer Uniweld Hydrophilic

(Abbott)

BMW Moderate Stainless steel/ Floppy Springcoil Shaping ribbon Hydrophilic with distal tip
(Abbott) Nitinol composite uncoated

Asahi Light Light/Moderate  Stainless steel Floppy Springcoil Uniweld Hydrophobic

(Abbott)

Reflex Light Stainless steel Floppy Platinum coil Uniweld Hydrophobic

(Cordis)

Tortuous Anatomy Wires (0.014”)

Choice PT Floppy Light Stainless steel Intermediate Polymer Uniweld Hydrophilic

(Boston Scientific)

PT2 Light Light Nitinol Intermediate Polymer Shaping ribbon Hydrophilic

(Boston Scientific)

Whisper Light/Moderate  Stainless steel Intermediate Polymer Uniweld Hydrophilic

(Abbott)

Asahi Prowater Moderate Stainless steel Intermediate Springcoil Uniweld Hybrid distal hydrophobic/
(Abbott) proximal hydrophilic




PT Graphix Moderate Stainless steel Intermediate Polymer Uniweld Hydrophilic

(Boston Scientific)

PT2 Moderate Moderate Nitinol Intermediate Polymer Shaping ribbon Hydrophilic

(Boston Scientific)

Heavy Support Wires (0.014’)

Choice PT Extrasupport Extra Stainless steel Intermediate Polymer Uniweld Hydrophilic

(Boston Scientific)

Mailman Super Stainless steel Floppy Springcoil Uniweld Hydrophilic with distal tip
(Boston Scientific) uncoated

Stabilizer Plus Heavy/Extra Stainless steel Floppy Springcoil Uniweld Hydrophilic with distal tip
(Cordis) Support uncoated

Chronic Total Occlusion (0.014”)

Miracle Bros 3, 4.5, 6, 12 Moderate, Extra, Stainless steel Intermediate/Stiff ~ Springcoil Uniweld Hydrophilic

(Abbott) Super

Confianza Extra/Super Stainless steel Stiff Springcoil Uniweld Hydrophobic

(Abbott)

Cross-IT Moderate Stainless steel Intermediate/Stiff ~ Springcoil/ Uniweld Hydrophilic

(Abbott) Polymer fusion

Other (0.009”)

RotaWire Light Stainless steel Floppy N/A N/A N/A

(Boston Scientific)

CHAPTER 4 Guiding Catheters
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Table 4.11 Balloon properties

Property Definition

Compliance Change in balloon diameter as a function of inflation
pressure; clinically refers to the strength of radial force
direction of an inflated balloon

Profile Maximum diameter of the deflated balloon when mounted
on a catheter; clinically refers to the diameter the deflated
balloon can pass through

Nominal Pressure at which the balloon reaches its package label
diameter
Rated burst pressure Pressure threshold at which in vitro testing has shown

99.9% of the specified balloons will not burst

Mean burst pressure Average pressure at which the specified balloon will burst

Balloon Catheters

Table 4.11 defines the important properties of the balloon mounted on the
balloon catheter.® All of these properties are dependent on balloon com-
position. Modern balloons are composed of polyethylene, polyolefin
copolymer, nylon, or polyethylene terephthalate.’ Each material confers
different characteristics to the balloon, the most important of which is
compliance. Noncompliant balloons reach their nominal diameter early
in the inflation period and thereafter tolerate greater pressures with-
out changing diameter. The net effect is to transmit the increased pres-
sure force more equally and radially throughout the lesion. Conversely,
compliant balloons will continue to stretch with increasing balloon pres-
sure, often beyond its nominal diameter, leading to uneven pressure
transmission in mixed soft/hard lesions with associated overstretched/
understretched areas of lesion, respectively. Figures 4.17 and 4.18 further
illustrate the property of compliance.

Table 4.12 summarizes the two main catheter platform systems that
are available and their associated clinical advantages and disadvantages.
Figure 4.19 illustrates the particular design specifications.

Balloon Catheter Selection

Tables 4.13 and 4.14 describe different types of compliant and noncompli-
ant balloons and their respective clinical indications.

After selecting the appropriate balloon type and platform’, the appropriate
balloon size is picked in relation to the vessel size at a ratio of 0.75-1.1:1.0.
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Figure 4.17 Balloon compliance. Reprinted from Holmes DR, Mathew V. Atlas
of interventional cardiology, 2nd ed. Philadelphia: Current Medicine, Inc., 2003, with
permission of the publisher (Current Medicine Group LLC).

T Compliant balloon
...|'/_
o i P I
Non-Compliant balloon
l\__ e P

Figure 4.18 Compliance and outcomes on calcified lesions. Reproduced from
Werns SW, Topol EJ. Review of Hardware of PTCA. Journal of Interventional
Cardiology 1988;1:209-19. With permission from publisher (Wiley-Blackwell).

Table 4.12 Comparison of over-the-wire versus rapid-

exchange balloon dilatation catheters

Design

Advantages

Disadvantages

Over-the-wire
(OTW)

Movable guidewire runs
through a central lumen
which runs the entire
length of catheter

* Useful for lesions
requiring multiple
balloon exchanges
(e.g., chronic total
occlusions)

Allows better
“push” of balloon
due to wire support
throughout entire
length of catheter

« Two operators
needed

* Requires exchange
length wires

* Requires balloon
catheter shaft to
be larger

Rapid-
exchange (RX)

Movable guidewire runs
through a central lumen
which runs from tip of
catheter and then exits
just distal to the balloon.

Single operator
Simpler to use

« Allows for smaller
sized catheter
shafts

+ Cannot be used
easily for lesions
requiring wire
exchanges via
balloon catheter
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Inflation/deflation
lumen

Wire lumen._|

.4.3 Fr 2-lumen shaft
.014” Guidewire

Pet balloon material

Figure 4.19 Comparison of RX balloon catheter (top) versus over-the-wire

system (bottom).

n Table 4.13 Commonly used balloon catheters

Noncompliant Compliant/Semicompliant
Quantum Maverick Maverick

Voyager noncompliant Voyager

Merlin Apex

Table 4.14 Indications for compliant/semicompliant versus

noncompliant balloons

Advantages

Disadvantages

Noncompliant

« Useful for calcified lesions by directing
radial force against lesion

« Useful for postdilation of stents to
ensure full stent strut apposition

« Useful for long lesions

« Harder to deliver due
to larger profile and
stiffer construction

« If lesion size
underestimated,
upsizing requires
placing new balloon

Semicompliant/
Compliant

« Decreased profile improves
deliverability

« Suitable for noncalcified or ACS lesions

« Useful for situations where target
lesion size uncertain; can inflate to
desired size

« In calcified lesions,
balloon will
overstretch soft
portions of artery
predisposing to
dissection




Cutting Balloons

The cutting balloon (Boston Scientific, Natick, MA) is a noncompliant balloon
that is mounted with three or four microtomes positioned in a longitudinal
manner? (Fig. 4.20). Clinical indications and contraindications for the use of cut-
ting balloons are summarized in Table 4.15.

If a cutting balloon is used, a 7 or 8 Fr guide catheter should be employed,
and a negative prep should be used to keep the blades withdrawn at all times
until ready for inflation. The inflation and deflation rates should be slow, as this
decreases chances of coronary perforation.
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8,10, 15 mm
working length .020” Tip
entry profile
L - --l_J
7
1 mm

Non»corﬁpliant nylon

Radi k
adiopaque marker balloon material

Atherotome
a5 MM a5 mm —
./- --\\
AL
0.004” Flexpoints located every
el % 5mmon 10 and 15 mm
% lengths.
e G Flexpoints:
,f/ \\ 6 mm length =0
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Figure 4.20 Cutting balloon. From http://www.bostonscientific.com/Device.
bsci?page=HCP_Overview&navRelld=1000.1003&method=DevDetailHCP&id=10004791
&pageDisclaimer=Disclaimer.ProductPage

Reproduced with permission from Boston Scientific, 2009.

Table 4.15 Cutting balloon use

Indications

Contraindications

Moderately calcified lesions

Heavily calcified lesion/vessel — rotational
atherectomy should be used instead

Ostial lesions

Severely angulated lesion — risk of
perforation too high

In-stent restenosis - minimizes slippage
of balloon during angioplasty (watermelon
seed effect)

Very tortuous vessel — risk of perforation
too high

Bifurcations lesions — minimizes plaque shift
during balloon inflation/stent placement

Patient cannot tolerate slow inflation/
deflation rates



http://www.bostonscientific.com/Device.bsci?page=HCP_Overview&navRelId=1000.1003&method=DevDetailHCP&id=10004791&pageDisclaimer=Disclaimer.ProductPage
http://www.bostonscientific.com/Device.bsci?page=HCP_Overview&navRelId=1000.1003&method=DevDetailHCP&id=10004791&pageDisclaimer=Disclaimer.ProductPage
http://www.bostonscientific.com/Device.bsci?page=HCP_Overview&navRelId=1000.1003&method=DevDetailHCP&id=10004791&pageDisclaimer=Disclaimer.ProductPage

CHAPTER 4 Guiding Catheters

Practical Pearls

o Selecting the appropriate guiding catheter, guidewire, and balloon catheter
for each case is key to technical success.

e The best approach to guidewire choice is to select a “workhorse” wire for
several case scenarios and become thoroughly familiar with the selected
wire’s behavior.

e Noncompliant balloons are useful for calcified lesions and for postdilation of
stents to ensure full stent strut apposition.

e A cutting balloon is useful for moderately calcified lesions, but is not recom-
mended for severely calcified lesions.
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Chapter 5

Coronary Artery Stenting

Henry Roukoz

The benefit derived from balloon angioplasty in coronary artery disease is
limited by early vessel closure and late neointimal hyperplasia. The advent of
stents has dropped acute vessel closure to less than 1%, subacute thrombosis
to about 1%, and subsequent need for revascularization to about 20% with
bare metal stents (BMSs) and 10% with drug-eluting stents (DESs)." Stenting is
now the most common modality of revascularization in patients with coronary
artery disease and is performed in the vast majority of percutaneous coronary
interventions (PCls).

This chapter reviews stent design and properties; commercially available
stents; the stenting procedure with focus on stent choice, advancement, and
deployment; direct stenting; and finally, adjuvant pharmacotherapy.

Stent Design

Clinically Relevant Stent Properties

Ideally, stent design should optimize the following characteristics:?

e Good trackability and longitudinal flexibility: These two properties enable the
stent to cross angulated or tortuous segments and reach the target lesion
without stent dislodgement, intimal injury, or vasospasm.

High radial strength and low intrinsic recoil: Once deployed, the stent must
resist the acute elastic recoil of the media and surrounding plaque. This will
also help to seal the entry point of a dissection.

Good conformability: This property gives the stent the ability to conform to
a curved or tortuous segment after deployment, molding its shape while
keeping a good apposition to the vessel wall, and without forcing its original
straight shape on the segment.

Low metallic surface area: This minimizes contact of metal with both the intima
and the blood, theoretically decreasing early and late stent thrombosis.

Biocompatibility: This minimizes the inflammation or allergic reaction to the
stent, which have been implicated in stent restenosis and thrombosis.
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o Radiographic visibility: Adequate radiopacity will help visualize the stent during
deployment, without obscuring luminal details.

Composition

Other than the documented effect of gold on actually increasing restenosis

compared with stainless steel,>* there are only theoretical advantages of one

type of metal over the other. Moreover, surface texture and finishing may affect
stent thrombosis or restenosis.®

e 316L stainless steel: The most common metal used for balloon-expandable
stents. This alloy contains mainly iron and 16% chromium, making it biologi-
cally inert, but it also contains 10%—-14% nickel (a potential source of allergic
reactions) and 2%—-3% molybdenum.

o Cobalt/platinum and cobalt/chromium alloys: These alloys allow thin stent
struts without sacrificing strength. They are more radiopaque, and may elicit
less host response, than stainless steel.

o Biodegradable polymer-based and magnesium-based stents: Theoretically, these
may reduce late stent thrombosis, and they can facilitate subsequent revascu-
larization at the price of reduced radial strength and decreased radiopacity.

Configuration

Stents can be classified into three general configurations:

e Wire coil: Constructed by shaping a stainless steel nanofilament into reversing
loops to form an expandable interdigitating coil. This design has low radial
strength and a tendency for plaque to prolapse between adjacent loops, due
to large gaps after deployment, thus causing more acute vessel closure and
late restenosis. Subsequently, this design fell out of favor.

Tubular and multicellular design: The tubular design consists of a metal tube
with laser-cut rectangular or curved slots that will open into a diamond or
circular shape when expanded, giving it good radial strength and wall cover-
age at the price of lower crossing flexibility and varying side branch acces-
sibility. The shorter, thinner, and more interrupted the struts are, the more
flexible the stent. The more circumferentially the struts move after expan-
sion, the more radial strength. The multicellular design consists of varying cell
shapes and sizes along the stent (open-cell design) or a repeated pattern of
uniform cells (closed-cell design), increasing flexibility, trackability, and side
branch access without sacrificing radial strength. Closed-cell designs tend to
have better wall coverage and less flexibility than open-cell designs.

Modular or hybrid design: To further increase flexibility while keeping the
advantages of the tubular design, the hybrid design joins multiple modules of
varying lengths and strut profiles. This confers increased wall coverage and
crossing profile, and decreases design trade-offs.

Covered stents are metallic stents covered with a microporous polytetrafluo-
roethylene (PTFE) membrane. They are mainly used to treat coronary per-
forations, cover aneurysms, and close fistulas. They have an increased risk of
restenosis and thrombosis.



Components of a Drug-eluting Stent

Drug-eluting stents have three components: a stent platform, a bioactive agent
to reduce neointimal hyperplasia, and a drug carrier to control the dosing and
release of the bioactive agent. Drug-eluting stents should ideally achieve homo-
geneous and controlled drug delivery to avoid subtherapeutic doses in one spot
and toxic doses in others. Closed-cell designs tend to have more uniform cover-
age and subsequently more homogenous drug delivery. The most frequently
used stents are presented in Tables 5.1 and 5.2.

Stenting Procedure

Choosing Stent Length and Diameter

o Choosing the optimal length: The stent should be able to cover the whole
lesion, starting approximately 2 mm before and 2 mm after the lesion, to
minimize edge dissection and ensure a smooth transition form proximal
normal segment to distal normal segment. Excessively long stents covering
angiographically normal segments should be avoided, given the increased risk
of thrombosis and restenosis.*” Use one long stent for a long lesion if pos-
sible. If more than one is necessary, the stents should overlap by about 2 mm
to ensure adequate coverage. In a diffusely diseased vessel, it is preferable to
stent distal to proximal to ensure complete lesion coverage (i.e., complete
stent delivery).

Choosing the optimal diameter: The diameter of the stent should optimally
correspond to the reference vessel diameter in a nondiseased segment.
Intravascular ultrasound (IVUS) is useful for more precisely determining the
reference vessel diameter. Both under- and oversizing the stent can result in
adverse outcomes.

Table 5.1 Most commonly used bare metal stents

Characteristics Liberté Multi-Link Vision Driver
Multi-Link Mini Micro-Driver
Vision
Manufacturer Boston Scientific Abbott Medtronic
Composition 316L Stainless Steel L605 Cobalt- MP35N
Chromium Cobalt-Nickel
Strut size .0038” .0032” .0036”
Diameters available 2.75, 3.0, 3.5, 4.0, Multi-Link Vision: Driver:
4.5,5.0 275,3.0,35,40 3.0,35,4.0
Multi-Link Mini Vision:  Micro-Driver:
2.0,2.25,25 2.25,2.5,2.75
Lengths available 8,12, 16, 20, 24, 8,12,15,18,23,28 Driver:
28,32 9,12, 15,18,
24, 30
Micro-Driver:
8,12, 14, 18,24
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Table 5.2 The most commonly used drug-eluting stents

Characteristics Cypher Taxus Express Taxus Liberté Xience V Endeavor
Promus
BMS' platform Bx Velocity Express Liberté Multi-Link Vision Driver
Multi-Link Mini Vision Micro-Driver
Manufacturer Cordis Corporation Boston Scientific Boston Scientific
Johnson & Johnson Abbott
Composition 316L Stainless Steel 316L Stainless Steel 316L Stainless Steel L605 Cobalt-Chromium MP35N Cobalt-Nickel
Strut size .0055” .0052” .0038” .0032” .0036”
Bioactive agent Sirolimus Paclitaxel Everolimus Zatrolimus
Polymer design Dual layer over primer  Single layer Single layer over primer  Single layer over primer
with overspray
Carrier/polymer Primer: Parylene C Layer 1: Translute (Paclitaxel + SIBS*) Primer: PBMA® Primer: PC°
with laygr Layer 1: Sirolimus + Layer 1: Evorelimus + Layer 1: Zatrolimus + PC®
composition PEVA? and PBMA3 Fluorinated co-polymer Overspray: PC*
Layer 2: PBMA3

Drug release Fast (~80% at 30 days) Slow (~8% at 30 days) Fast (~70% at 30 days) Fast (~100% at 30 days)
Diameters available 2.5, 2.75, 3.0, 3.5 Taxus Express: Taxus Liberté: 2.5,2.75,3.0,35,4.0 25,3.0,35
(millimeters) 25,2.75,3.0,3.5 25,275, 3.0, 3.5, 4.0

Taxus Express Atom: 2.25  Taxus Liberté Atom: 2.25
Lengths available 8,13, 18,23,28,33 Taxus Express: 8,12, 16,20,24,28,32  8,12,15,18,23,28 8,9, 12, 14,15, 18, 24, 30
(millimeters) 8,12, 16, 20, 24, 28, 32

Taxus Express Atom:

8,12, 16,20, 24

1, Bare metal stent; 2, polyethylene-co-vinyl acetate; 3, poly N-butyl methacrylate; 4, poly(styrene-b-isobutylene-b-styrene); 5, phosphorylcholine.




Stent Advancement

Stent advancement is affected by the stability and backup of the guiding cathe-
ter, the stiffness of the wire, and the tortuosity of the vessel. In case of difficulty
with advancing a stent, the following methods could be attempted:

o Guide: Manipulate the guide into a more stable position:

e Deep-seat the guide (only with experienced operators due to risk of
dissection)

o Upsize the guiding catheter (e.g., 7 or 8 Fr) or change the guide (e.g.,
Amplatz guiding catheter) for extra backup.

e Wire: Pull the wire back minimally while advancing the stent to facilitate stent
advancement:

e Add an extra support wire (e.g., Iron Man or Grand Slam) to straighten
the artery.

o Balloon: Inflate another balloon distal to the target lesion, thus jailing the
guidewire; pull the wire slightly to put tension on it; and advance the stent.
However, this is not optimal due to risk of restenosis from the angioplastied
segment.

o Stent: Choose a more flexible stent. Current-generation DES are more deliv-
erable than first-generation DES; however, a BMS is even more deliverable.
e Use two shorter stents instead of one long one to cover the lesion.

Stent Deployment

o Positioning: The stent should optimally cover the entire lesion. In tortuous ves-
sels, the positioning of the proximal or distal edge of the stent at an angulated
segment should be avoided, since this might make recrossing or postdilation
difficult and might promote restenosis. In these cases, deploying the stent while
the patient is taking a deep breath will make the heart more vertical and the
artery curvature straighter and more elongated. It is especially important to
ask the patient to stop breathing during deployment from the radial approach,
since breathing movements can induce greater guide movements than the
femoral approach.

Optimal pressure: The nominal pressure expands the stent to its prespecified
(or nominal) diameter + 10% (Table 5.3). The rated burst pressure (RBP) is
the maximum pressure that the stent balloon can safely withstand before
rupturing. The goal is to use a high enough pressure to achieve full apposi-
tion of the stent to the vessel wall without causing dissection at the edge
of the stent or strut fracture. The optimal pressure should be dictated by
vessel anatomy. High pressures (16—18 atm) may be needed with a slightly
undersized stent or calcified lesion to ensure complete stent expansion and
apposition to the vessel wall. In contrast, lower pressures (11-14 atm) may
suffice in other circumstances.

Optimal inflation time: This parameter is not well evaluated; however, most
inflation times range from 15 to 60 seconds.®’
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0

Table 5.3 Balloon pressure for stent deployment

Inflation Pressure (atm)  Stent Size (mm)
6 217
7 225
8 232
9 238
10 244
1 2.49 Nominal
Balloon pressure to get to
designed diameter
12 253
13 2.56
14 2.59
15 2.62
16 2.64 RBP
Rated Burst Pressure
17 2.67 Risk of strut fracture
18 2.69
19 2.73
20 274
This an example of a typical compliance table that comes with each stent brand and size. Pressures
beyond the rated burst pressure (RBP) are not recommended due to risk of strut fracture.

e Postdilation: In general, postdilation is a good strategy to ensure complete
stent expansion and apposition to the vessel wall, especially when used with
IVUS guidance. If the vessel is tapering, the proximal segment of the stent
might not be fully apposed to the vessel wall and can be expanded further
using a larger noncompliant balloon with higher pressure, covering only the
proximal to mid segments of the stent. In diffusely diseased vessels, a stent
can be deployed with moderate pressures to avoid edge dissection then
postdilated with a higher pressure and a shorter noncompliant balloon kept
within the margins of the stent.

Use of IVUS and functional flow reserver (FFR): Intravenous ultrasound measure-
ments prior to (to choose adequate stent size) and after (to ensure expan-
sion and apposition) stent implantation have improved outcomes. Physiologic
assessment with functional flow reserve (FFR) is used to assess the need for
intervention (FFR <0.75-0.80) and determine the adequacy of stent implanta-
tion (FFR<0.95 correlates with stent underdeployment by IVUS).1™"

Optimal angiographic result: The aim is to have a residual stenosis of less than
10%, no edge dissection, a TIMI 3 flow, side branch patency with a diameter
greater than 2 mm, and the absence of electrocardiographic changes, symp-
toms, or hemodynamic instability.



Direct Stenting Versus Predilation Balloon Angioplasty

Direct stenting reduces procedure time and cost, fluoroscopy time, and contrast
use, and it has equivalent early and late outcomes compared to predilation.’>'
However, forceful manipulation should be avoided when crossing a tight or
calcified lesion because of the risk of damaging or stripping the stent off its
balloon, thus causing stent embolization or vessel thrombosis due to endothe-
lial or plaque injury. In these cases, predilation should be attempted before
readvancing the stent. Predilation is also favored in total occlusion, bifurcation
lesions, long lesions, proximal tortuosity, and distal vessel lesions. A down-side
of predilation is the potential for geographic miss if an angioplastied segment
is not stented.

Drug-eluting Stent Versus Bare Metal Stent

Drug-eluting stents significantly decrease revascularization rates compared
to BMSs, although first-generation DESs have been shown to increase late
stent thrombosis."™ It is uncertain if second-generation DESs carry the same
increased risk for late thrombosis compared with BMSs. Bare metal stents are
still favored when patients have an anticipated surgery, low compliance to med-
ication, or history of bleeding because they require shorter double antiplatelet
therapy."

Adjuvant Pharmacotherapy'®

Aspirin
o All patients should have at least 325 mg of aspirin at least 2 hours before PCI
(Class I).

Clopidogrel

o A loading dose of 300-600 mg of clopidogrel should be given prior to PCI
(Class I).

o If clopidogrel is given at the time of PCl and not before PCl, a glycoprotein
lIb/llla inhibitor can be considered (Class Ila).

Glycoprotein lib/llla Inhibitors

e Should be administered in patients with unstable angina/non-ST segment ele-
vation myocardial infarction (UA/NSTEMI) without clopidogrel administration
(abciximab, eptifibatide, or tirofiban) (Class I).

e Reasonable in patients with UA/NSTEMI with clopidogrel administration
(abciximab, eptifibatide, or tirofiban) (Class Ila).

e Reasonable in patients with STEMI undergoing PCI (abciximab) (Class Ila).

e Reasonable in patients undergoing elective PCI (abciximab, eptifibatide, or
tirofiban). This is often in a “bail-out” situation (Class lla).
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Heparin/Antithrombotic Therapy

e An antithrombin agent (for example, unfractionated heparin or bivalirudin)
should be administered to patients undergoing PCl (Class I).

e For patients with heparin-induced thrombocytopenia, it is recommended
that bivalirudin or argatroban be used to replace heparin (Class I).

e Low-molecular-weight heparin can be considered an alternative to unfrac-
tionated heparin in patients with UA/NSTEMI undergoing PCI (Class lla).

e In patients without a glycoprotein lIb/llla inhibitor, give heparin 70-100 |U/kg
bolus (maximum 4,000 IU) to achieve activated coagulation time (ACT) of
250-300 sec with the HemoTec device and 300-350 sec with the Hemochron
device.

e In patients with glycoprotein lIb/llla inhibitor, give heparin bolus of 50-60
IU/kg and target an ACT of 200-250 sec with either the HemoTec or
Hemochron device.

Emerging Therapies

o New coatings: Fully biodegradable polymers like polylactic acid (PLA) and
polylactic-co-glycolic acid (PLGA) are being investigated. Other designs avoid
polymers completely and use a cover of titanium-nitric oxide alloy.

o New drugs: These include tacrolimus, pimecrolimus, biolimus, murine mono-
clonal anti-CD34 antibodies, the anti—vascular endothelial growth factor
(VEGF) bevacizumab, and genistein, a natural isoflavonoid phytoestrogen.

o Fully bioabsorbable stents: These aim to decrease late stent thrombosis and
the need for prolonged antiplatelet therapy, restore vasoreactivity, and make
subsequent percutaneous or surgical revascularization easier. They include
an everolimus-eluting PLA stent (BVS; Abbott Laboratories, IL)," a tyrosine-
derived polycarbonate REVA stent (REVA medical, San Diego, CA), and a
biolimus-A9-eluting biodegradable PLA stent (BioMatrix Flex, Biosensors
Inc., Newport Beach, CA)."®

Practical Pearls

e The ideal stent characteristics include longitudinal flexibility and high radial
strength. The new hybrid stent designs tend to minimize trade-offs.

e Anticoagulate with heparin for a goal ACT of 250-300 sec. Load with aspirin
(325 mg) and clopidogrel (300-600 mg) before the procedure. Glycoprotein
IIb/llla inhibitors can be considered in acute coronary syndromes and for
“bail-out” in elective PCI.

o Advance the stent gently to avoid vasospasm and intimal injury. The entire
lesion should be covered. Use moderate to high balloon pressure and post-
dilation if needed to ensure complete apposition.

o Predilation is favored in long or tight calcified lesions, total occlusion, bifurca-
tion lesions, proximal tortuosity, and distal vessel lesions.

o Routinely establish arterial or venous access with the micropuncture needle
to minimize bleeding complications.



Before performing PCl, always check an ACT to ensure that the antithrombin
agent is producing an effect. This safeguards against the occasionally infil-
trated peripheral intravenous line.

Rotational atherectomy should be performed if there is inability to reduce
a lesion with balloon dilatation. Once a stent is deployed in a nonreducible
stenosis, it may be impossible to reduce the lesion even with high-pressure
balloon inflation.

An over-the-wire balloon can be removed from a short wire by the hydrau-
lic technique. In this technique, the balloon shaft is railed back (keeping the
wire fixed in place) until the wire is within the balloon shaft. Then, a high-
pressure syringe filled with saline is attached to the hub of the balloon shaft
and injected while gently pulling back. This will leave the wire in place, while
removing the balloon from the body.

An additional technique to facilitate stent delivery is the use of the Wiggle
Wire. This can be especially helpful when trying to navigate around a previ-
ously placed stent.

After stent deployment, final angiographic images should include two
orthogonal views with the guidewire removed. This helps to detect edge
dissections.
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Chapter 6

Coronary Flow Reserve,
Fractional Flow Reserve,
Intravascular Ultrasound,
and Optical Coherence
Tomography

Adnan K. Chhatriwalla

Coronary angiography and percutaneous coronary intervention (PCI) have rev-
olutionized cardiovascular medicine. Nevertheless, the limitations of coronary
angiography are well recognized. Coronary angiography provides information
only on the patency of the arterial lumen, and it may be limited by spatial
resolution as well as by difficulties in visualization due to vessel tortuosity,
overlapping branches, vessel calcification, and eccentric plaque. Large intra-
and interobserver variability exists in the angiographic assessment of stenosis
severity. Furthermore, clinical symptoms are dependent on coronary blood
flow, which is not directly measured by coronary angiography. In this chapter,
we review techniques developed to complement the information obtained by
coronary angiography, in order to improve visualization and better assess lesion
severity.

Coronary and Fractional Flow Reserve

Coronary flow reserve (CFR) and fractional flow reserve (FFR) are invasive
indices of the physiologic significance of a coronary stenosis. The development
of ultra-thin Doppler and pressure angioplasty guidewires in the early 1990s
allowed for the measurement of velocity and pressure in the coronary arter-
ies and the physiologic assessment of coronary stenoses in humans. Doppler-
derived flow index was first described as the ratio of blood velocity in a vessel
distal to an occluded balloon, to blood velocity in the same vessel during pat-
ency. Subsequently, the use of coronary pressure to assess the contribution of
epicardial flow to a given coronary bed was described. Both calculations are
based on the premise that blood flow is proportional to velocity and pressure
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when vessel surface area is constant and both Doppler-derived and pressure-
derived flow indices have been clinically validated.

Coronary flow reserve calculation is performed using a wire with a piezo-
electric ultrasound crystal at its tip that measures blood flow velocity by tim-
ing the return of ultrasound waves reflected off of red blood cells. Coronary
flow reserve is calculated as the ratio of hyperemic to basal coronary flow.
A normal CFR is 3.0-5.0, and a CFR of less than 2.0 is indicative of a flow-
limiting epicardial coronary artery stenosis or microvascular disease, and it
corresponds to myocardial ischemia as diagnosed by noninvasive functional
studies.” Furthermore, improvement in CFR following angioplasty has been
shown to predict long-term clinical success. In the DEBATE study, patients
achieving a CFR of greater than 2.5 and residual diameter stenosis of greater
than 35% after balloon angioplasty had lower rates of restenosis (16% vs. 41%),
need for intervention (16% vs. 34%), and recurrence of symptoms at 6 months
(23% vs. 47%).2

Fractional flow reserve is defined as the maximal achievable flow in a myo-
cardial bed in the presence of a stenosis divided by the maximal flow through
the same bed in the theoretic absence of the stenosis. Fractional flow reserve is
simply measured as the mean intracoronary pressure distal to a lesion divided
by the mean aortic pressure during maximal hyperemia. A normal FFR is 1.0,
and an FFR value of less than 0.75 has been shown to be highly predictive of
ischemia on noninvasive testing in patients with coronary artery disease.’ Unlike
CFR, which takes into account the epicardial and microvascular circulation, FFR
reflects the physiological significance of an epicardial coronary artery stenosis
while minimizing the contribution of the microvascular circulation. Nonetheless,
it has been theorized that the presence of microvascular coronary artery dis-
ease, as in diabetes, left ventricular hypertrophy, or acute myocardial infarction
(MI), may limit maximal microvascular vasodilatation and thus render FFR cal-
culation less precise.* However, whether these theoretic concerns significantly
limit the clinical value of FFR is not clear.?

The DEFER study demonstrated that patients with intermediate angio-
graphic coronary stenosis and an FFR of more than 0.75 had no benefit from
PClin terms of death, M, need for bypass surgery, or need for repeat coronary
intervention at 5 years.® More recently, the FAME study demonstrated that
FFR-guided PCI, using a threshold of 0.80, reduced the risk of death or Ml
by 35%, and death, M, or repeat revascularization by 30% when compared to
angiography-guided PCI. Fractional flow reserve can also be used to evaluate
the success of a PCl procedure. Following PCl, the translesional gradient should
decrease, and a post-PCl FFR value of greater than 0.90 is considered optimal.

Coronary Flow Reserve Procedure

Following anticoagulant administration, a 0.014-inch Doppler wire is advanced
through the guide catheter approximately 2 cm distal to the lesion identified
by angiography. The system is connected to a real-time spectrum analyzer,
which measures coronary blood flow velocity. Flow velocity is measured con-
tinuously at baseline and at maximal hyperemia, following the administration of



intracoronary adenosine (24—72 pg) or papaverine (10-12 mg). The CFRis cal-
culated as the ratio of peak hyperemic to basal coronary blood flow velocity.

Fractional Flow Reserve Procedure

The 0.014-inch pressure-monitoring wire is placed in saline flush, and the
pressure is zeroed outside the body. Following anticoagulant administration,
the wire is advanced from the guide catheter such that the transducer on the
pressure wire (approximately 3 cm proximal to the tip and at the radiopaque
junction) is at the tip of the guiding catheter and equalized to aortic pressure,
as measured through the guiding catheter. The transducer is then advanced
distal to the lesion identified by angiography so that the pressure transducer
is beyond the lesion. Hyperemia is then induced by administration of intrave-
nous (140 pg/kg/min) or intracoronary adenosine (24-72 ug), or intracoronary
papaverine (10-12 mg). The intravenous route of vasodilator administration is
preferred, as it allows for more stable and predictable microvascular dilatation.
Measurements of distal intracoronary pressure (Py) and aortic pressure (Py,)
are then continuously recorded, and FFR is calculated as the ratio of Pyto P,,
during maximal hyperemia (Fig. 6.1). Post procedure, the pressure wire and
guiding catheter pressures should be rechecked with the wire at the tip of the
catheter (the pressures should be equal) to assure absence of signal drift.

Intravascular Ultrasound

Intravascular ultrasound (IVUS) utilizes a catheter with an ultrasound probe
at its tip to provide a two-dimensional cross-sectional image of the coronary
artery. Whereas coronary angiography only provides information regarding the
patency of the arterial lumen, IVUS allows visualization of the arterial lumen, as
well as the arterial wall, in three layers: intima, media, and adventitia (Fig. 6.2).

Lumen cross-sectional area (CSA) may be measured directly from IVUS still
frames, and CSA measurements of less than 3.0 mm? in the major epicardial
vessels or less than 6.0-7.5 mm? in the left main coronary artery have been
correlated with physiologically significant stenoses as measured by FFR#? [VUS
may be used to calculate atheroma volume, which has been used as a surro-
gate endpoint for the study of antiatherosclerotic therapies, by subtracting the
luminal CSA from the area bounded by the external elastic membrane (Fig. 6.2).
Furthermore, IVUS has been used in the visualization of plaque components
(including fibrous cap, lipid core, and calcium), and may it assist in the identifi-
cation of plaques vulnerable to rupture.'

IVUS may be used to optimize the results of PCl by accurately measuring
vessel diameter and lesion length to assist in proper balloon and stent sizing.
Furthermore, IVUS can aid in the visualization of side branches and previously
deployed stents, and it can identify lesion characteristics that may guide the
use of specialized interventional techniques, such as the use of rotational
atherectomy in heavily calcified lesions or directional atherectomy in bifurca-
tion lesions or lesions with a large plaque burden. Finally, IVUS may identify
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Figure 6.1 A screen shot demonstrating simultaneous recordings of aortic pressure
and post-stenotic arterial pressure used to calculate fractional flow reserve (FFR). In
this case, the FFR was 0.87 at maximal hyperemia, indicating a non—flow limiting stenosis.

o~
~

Figure 6.2 An intravascular ultrasound (IVUS) still frame depicting atherosclerosis.
In A, the three layers of the arterial wall are labeled. In B, the arterial lumen is the area
located within the inner dotted line, whereas the external elastic membrane (EEM) is the
circumference delineated by outer dotted line. The area between the arterial lumen and
the EEM represents atherosclerotic plaque.

suboptimal PCI results, such as residual dissection, stent underexpansion, or
stent malapposition, which require further attention. The results of the MUSIC
study demonstrated an impressive 8.3% rate of angiographic restenosis at 6
months in patients treated with [VUS-guided stenting." Similarly, the CRUISE
study suggested a 44% decrease in target vessel revascularization at 9 months in
patients treated with IVUS-guided stenting (8.5% vs. 15.3%)." However, other
studies of IVUS-guided stenting strategies have demonstrated mixed results.



Intravascular Ultrasound Procedure

Two types of IVUS catheters are available: mechanical catheters, which rotate
to visualize the entire vessel, and phased-array catheters, which use multiple
transducers positioned around the circumference of the catheter to visual-
ize the entire vessel. Both types of catheters should be flushed prior to use.
Mechanical catheters rotate, advance, and retract inside a telescoping shaft,
which must be flushed with heparinized saline prior to use. Phased-array cathe-
ters require flushing of the wire lumen. Following anticoagulant administration,
the IVUS catheter is advanced into the coronary artery over a wire in monorail
fashion. Intracoronary nitroglycerin (50-200 pg) should be administered to pro-
mote vasodilatation prior to image acquisition and to prevent arterial spasm.
Cross-sectional images of the coronary artery may be obtained at a fixed rate
during slow manual or mechanical pullback of the IVUS catheter through the
coronary segment of interest. Image acquisition can be performed as the cath-
eter is advanced (proximal to distal in the coronary artery) or as the catheter is
pulled back (distal to proximal).

Optical Coherence Tomography

Optical coherence tomography (OCT) utilizes fiberoptic technology to visual-
ize the coronary artery. Optical coherence tomography generates images from
reflected electromagnetic waves emitted from a light source, rather than from
ultrasound waves, as in IVUS. Light in the near-infrared range, with a wavelength
of approximately 1,300 nm is used. As a result, tremendous spatial resolution is
possible with OCT, on the order of 4-16 um, compared to 100-150 ym with
IVUS.” However, this improved spatial resolution comes at the expense of a
limited tissue penetration depth of only 2-3 mm. Therefore, OCT imaging is
typically limited beyond the internal elastic lamina, and it cannot be used to fully
evaluate the extent of atherosclerosis in the arterial wall or to quantify plaque
volume. Nonetheless, image acquisition times are very rapid (4—15 frames/sec),
thus allowing for high-resolution imaging of the near field without significant
motion artifact.

As with IVUS, OCT has become widely used in studies of plaque composition
and for identification of “vulnerable” plaques prone to rupture." However, the
increased spatial resolution of OCT allows for evaluation of fibrous cap thick-
ness, macrophage infiltration, and inflammation, which are beyond the scope of
IVUS.” Optical coherence tomography is more sensitive than IVUS in identify-
ing vessel injury and stent malapposition following PCl; however, data regarding
the potential clinical benefit of OCT-guided coronary intervention are not yet
available. Finally, OCT may allow for evaluation of stent strut endothelialization
in vivo, an issue which is particularly important in the drug-eluting stent era.”
However, the clinical application of OCT remains unclear until the results of
current and future studies are known.
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Optical Coherence Tomography Procedure

Following anticoagulant administration, the OCT catheter is advanced into the
coronary artery over a wire in monorail fashion. Intracoronary nitroglycerin
(50-200 pg) should be administered to promote vasodilatation prior to image
acquisition and to prevent arterial spasm. Red blood cells scatter light, and
therefore, OCT imaging requires a blood-free zone. This may be accomplished
with saline or contrast flush, and proximal vessel occlusion in combination with
continuous flushing allows for longer imaging time frames. However, proximal
vessel occlusion raises concerns regarding the possibility of vessel trauma and
induction of ischemia in the territory of the artery under study. Future develop-
ments in OCT technology include the use of higher speed acquisition systems
that may allow imaging of an entire coronary artery in only a few seconds,
without the need for proximal balloon occlusion.

Practical Pearls

e Coronary flow reserve assesses lesion significance by measuring blood flow
velocity distal to the lesion. A CFR of less than 2.0 is correlated with myo-
cardial ischemia on noninvasive testing. CFR measures the contributions of
epicardial and microvascular disease.

Fractional flow reserve assesses lesion significance by measuring pressure
distal to the lesion. An FFR of less than 0.75 is correlated with myocardial
ischemia on noninvasive testing, although an FFR of less than 0.80 has recently
been used as the threshold to revascularize. Fractional flow reserve mea-
sures the contribution of only epicardial disease.

Percutaneous coronary intervention may be safely deferred in patients in
whom the CFR or FFR do not indicate hemodynamic significance.

IVUS may be used to visualize the arterial lumen and the degree of vessel
stenosis, as well as to characterize plaque morphology and volume. Lumen
CSA of less than 3.0 mm? in the major epicardial vessels or less than 6.0-7.5
mm? in the left main coronary artery have been correlated with physiologi-
cally significant stenoses by FFR.

IVUS guidance may improve the success of PCl by evaluating stent expansion,
stent apposition, and residual stenosis, and by identifying vessel injury.
Optical coherence tomography represents an important research tool that
affords greater spatial resolution but less tissue penetration than IVUS. The
clinical applications of OCT are not yet clear.
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Chapter 7a

ST-elevation Myocardial
Infarction (STEMI)

Khurram Ahmad and Pranab Das

ST-elevation myocardial infarction (STEMI) is a medical emergency in which
total or near total occlusion of an epicardial coronary artery ensues from a
thrombus, and the myocardium supplied by this artery is at risk of necrosis and
cell death. It is estimated that approximately 500,000 STEMI events per year
occur in the United States." Differential diagnosis for STEMI includes aortic dis-
section, pulmonary embolus, perforating peptic ulcer, tension pneumothorax,
and Boerhaave syndrome (esophageal rupture with mediastinitis). Acute STEMI
usually results from underlying atherothrombosis. Following atherosclerotic
plaque disruption, the appearance occurs of substances that promote platelet
activation, adhesion, aggregation, thrombin generation, and, ultimately, throm-
bus formation.? The resultant thrombus can then completely occlude the epicar-
dial infarct artery. A wave front of myocardial necrosis begins within 15 minutes
and spreads from the endocardium toward the epicardium in the absence of
sufficient collateral blood supply. Angiographic evidence of coronary thrombus
formation may be seen in more than 90% of patients with STEMI.

Management

Risk Assessment

The TIMI (Fig. 7a.1) is a clinical risk score with 10 baseline variables that predict
30-day mortality at presentation of patients with STEMI. Score ranges from
0 to 8. Mortality is less than 1% with a score of 0, increasing to 26% with a TIMI
score of 8.3

Patient Selection

Primary Percutaneous Coronary Intervention

Primary percutaneous coronary intervention (PPCI) is the preferred treatment
for patients with STEMI, if it (a) can be delivered in a timely fashion with door
to balloon time of 90 minutes (from the initial medical contact to first bal-
loon inflation in the catheterization laboratory), (b) by a skilled interventional
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Figure 7a.1 TIMI risk score for ST elevation myocardial infarction (STEMI) for
predicting 30-day mortality. From Morrow DA. TIMI risk score for ST-elevation
myocardial infarction: a convenient, bedside, clinical score for risk assessment at
presentation: an intravenous nPA for Treatment of Infarcting Myocardium Early Il Trial
Substudy. Circulation. 2000;102:2031-2037, with permission of the publisher (Wolters
Kluwer Heart).

cardiologist (individuals who perform >75 PCl procedures per year), and (c) by
a cardiac catheterization laboratory team (performs >200 PCl procedures per
year, of which at least 36 are primary PCl for STEMI) with surgical backup.*
Rescue Percutaneous Coronary Intervention

Rescue PCl is indicated for those who fail initial fibrinolysis. Reperfusion failure
after fibrinolytic therapy is suggested by a less than 50% ST elevation resolution
in the lead showingthe greatest degree of ST-segment elevation at presentation
90 minutes after initiation of fibrinolytic therapy and/or persistent chest pain.
Rescue PCI (PCI following failed thrombolysis) has been associated with a
trend toward reduced mortality, reinfarction, and heart failure.® Regardless
of the mode of reperfusion, the most important goal is to minimize total
ischemic time.®

Pharmacology

Table 7a.1 summarizes the pharmacology used to treat STEMI. Patients with
STEMI should receive:

e Aspirin immediately

e Clopidogrel (600 mg orally) immediately as the loading dose

o Antithrombotic therapy (unfractionated heparin, low-molecular-weight hep-
arin, fondaparinux, or bivalirudin)

e Glycoprotein lIb/llla inhibitors
e Primary PCl or fibrinolytic therapy for revascularization



Table 7a.1 Dosage and duration of antithrombotic therapy for management of ST elevation myocardial infarction

Unfractionated Heparin (UFH)  Enoxaparin Fondaparinux Bivalirudin
Dose Initial intravenous bolus 60 U/kg For Cr <2.5 mg/dl in men and <2.0 mg/dl in women): Fondaparinux (creatinine is less than 3.0  Bivalirudin as an
followed by an intravenous Patient age <75: Initial 30 mg IV bolus, followed mg/dL): initial dose 2.5 mg intravenously;  intravenous bolus
infusion of 12 U/kg/hr to 15 minutes later by subcutaneous injections of subsequently subcutaneous injections of  of 0.75 mg/kg,
keep partial thromboplastin 1.0 mg/kg every 12 hours 2.5 mg once daily followed by an
time at 1.5-2.0 times control Patient age >75: No Initial bolus infusion of 1.75
(approximately 5070 seconds) 2 e ) mg/kg/hr
Subcutaneous dose of 0.75 mg/kg every 12 hours
For CrCl <30 mL/min, regardless of age, the
subcutaneous regimen is 1.0 mg/kg every 24 hours
Duration No benefit of UFH beyond 48 Maintenance dosing with enoxaparin should Maintenance dosing with fondaparinux Discontinued
of therapy  hours in the absence of ongoing be continued for the duration of the index should be continued for the duration of after the PCI
indications for anticoagulation. hospitalization, up to 8 days. the index hospitalization, up to 8 days.
More prolonged UFH
infusions increase the risk of
development of heparin-induced
thrombocytopenia.
With prior  For prior treatment with UFH, For prior treatment with enoxaparin, if the last ~ For prior treatment with fondaparinux, Usually used
treatment  additional boluses of UFH as subcutaneous dose was administered within administer additional intravenous during PCI.
needed to support the procedure, the prior 8 hours, no additional enoxaparin treatment with an anticoagulant Bivalirudin may
taking into account whether GP should be given; if the last subcutaneous dose possessing anti-lla activity taking into also be used in
lIb/llla receptor antagonists have ~ was administered at least 8 to 12 hours earlier, ~ account whether GP lIb/llla receptor patients treated
been administered. an intravenous dose of 0.3 mg/kg of enoxaparin  antagonists have been administered. previously with
Bivalirudin may also be used in should be given. Because of the risk of catheter UFH.
patients treated previously with thrombosis, fondaparinux should not be
UFH. used as the sole anticoagulant to support
PCI. An additional anticoagulant with
anti-lla activity should be administered.
UFH, unfractionated heparin.
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Guide Catheter Selection

Correct guide catheter selection is the key to a successful and expedient inter-
vention. An ideal guide catheter should be able to provide the adequate sup-
port to facilitate delivery of balloon, adjunctive devices, and stents to the site of
lesion. Usually, Judkins left (JL4) or extra back-up (XB) guides are used for left
coronary artery interventions. An XB guide is the workhorse guide in our labo-
ratory for left coronary interventions as it gives adequate support for both left
anterior descending artery and circumflex artery interventions. Occasionally,
the Amplatz left catheter may be indicated for patients who need extra guide
support in situations such as distal or tortuous lesions, calcified lesions, and in
acute take-off of the vessels needing intervention. The Judkins right (JR4) is the
workhorse guide for right coronary artery interventions. A JR4 or hockey stick
guide is preferred for interventions on vein grafts to the left coronary systems,
and a JR4 or multipurpose guide is used for interventions on vein grafts to
right coronary systems. Although most laboratories use 6 Fr guide catheters for
intervention, use of 7 or 8 Fr guides are sometimes needed if the culprit lesions
involve bifurcation stenting or use of thrombectomy.

Guidewire Choice

The choice of guidewire is entirely dependent on the preference of the opera-
tor. A wire with moderate support and high torquability is very desirable when
crossing a very tight lesion. In general, a wire such as a balanced middleweight
wire (BMW wire) or an ASAHI soft wire (ASAHI Light) is preferred by most
operators. In acute lesion intervention, as most of the lesions are soft and distal
runoff vessels are yet to be defined initially, use of hydrophilic wires are not
advisable as they may easily lead to wire perforations. Hydrophilic wires are
useful for access into a side branch lesion, as encountered in bifurcation stent-
ing. Extra support wires (BHW, ASAHI Standard) are used for interventions on
calcific or tortuous lesions.

Adjunctive Thrombectomy

Patients with STEMI are associated with large thrombus burden, and angiograph-
ically visible thrombus portends adverse outcomes for these patients. Rheolytic
thrombectomy using Angiojet was compared in a randomized trial with conven-
tional intervention without thrombectomy among patients undergoing primary
angioplasty for acute Ml (the AIMI study). There were no benefits in terms of
reduced infarct size or in thrombolysis in Ml (TIMI) flow, and this technique had
an increased risk of major adverse cardiac events.” Conversely, use of aspiration
thrombectomy as an adjunct to PPCl among STEMI patients showed improved
myocardial blush and resolution of ST segments compared to conventional PCI
without thrombus aspiration at 30 days.® Extended follow-up to 1 year demon-
strated that this strategy reduces death and Ml as well. Aspiration thrombec-
tomy is a useful adjunctive procedure in patients with STEMI and is encouraged.



Thrombectomy devices in current use are categorized as aspiration, frag-
mentation, or rheolytic. Aspiration thrombectomy catheters (Export, Pronto,
Fetch catheters) can be used with a 6 Fr system, and are very quick and easy
to use, needing no separate preparation time. These devices aspirate thrombus
manually by applying negative suction. Rheolytic thrombectomy involves a high-
velocity jet of saline solution to create a Venturi effect, and the thrombi are
sucked into the catheter tip. Upsizing of the sheath and temporary transvenous
pacemakers are usually needed for use of Angiojet devices. Fragmentation
thrombectomy employs the fragmentation technique: This uses an 8 Fr cathe-
ter with an enclosed impeller driven at 150,000 rpm by an air turbine. The rapid
spinning of the impeller creates a vortex that agitates the thrombus and drags it
toward the tip, where it is broken down into particles of approximately 13 um.
Figure 7a.2 shows some commonly used thrombectomy catheters.

Stent Selection: Bare Metal Versus Drug-eluting

Drug-eluting stents (DESs) have heralded a new era in interventional cardiol-
ogy. In a large randomized trial comparing sirolimus-eluting stents (SESs) with
bare metal stents (BMSs) in STEMI patients, SES use was associated with reduc-
tion in target vessel failure (TVF) at 1 year as compared with BMSs.” However,
use of paclitaxel-eluting stent as compared with BMS was not associated with

Figure 7a.2 Thrombectomy devices. (A) Different thrombectomy devices currently
used in ST elevation myocardial infarction (STEMI) intervention. AngioJet thrombectomy
device. (B) Different thrombectomy devices currently used in ST elevation myocardial
infarction (STEMI) intervention. Pronto extraction catheter. (C) Different thrombectomy
devices currently used in ST elevation myocardial infarction (STEMI) intervention. Export
manual aspiration catheter.
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difference in death or target lesion revascularization (TLR) at 1 year." Brar et
al., in their recent meta-analysis, addressed this important topic and showed
that among patients with STEMI, DESs appeared to be safe, efficacious, and
caused less TVR compared to BMSs, without an increase in death, MI, or stent
thrombosis at 2 years." However, DESs are not currently approved for use
in STEMI patients due to concerns for stent thrombosis, and BMSs remain a
reasonable choice in patients with STEMI (Figs. 7a.3—-7a.5).

STEMI and Cardiogenic Shock

In patients with cardiogenic shock (especially those <75 years of age), severe
congestive heart failure/pulmonary edema, or hemodynamically compromis-
ing ventricular arrhythmias (regardless of age), coronary angiography with
intent to perform PCl is preferred to fibrinolytic treatment, provided further
invasive management is not considered futile or unsuitable given the clinical
circumstances.” Current American College of Cardiology/American Heart
Association (ACC/AHA) guidelines list the intra-aortic balloon pump (IABP)
as a class IB recommendation in patients with STEMI and shock, when shock
cannot be quickly reversed by pharmacologic therapy. Use of percutaneous
circulatory-assist devices (e.g., Impella device) may also be of use for patients
with cardiogenic shock and is discussed in Chapter 7b.

Conclusion

The primary goal in STEMI is to salvage maximum myocardium at the earli-
est possible time. With early presentation (<3 hours) and a potential delay to
invasive strategy, fibrinolysis may be the preferred modality for reperfusion.
Primary percutaneous coronary intervention is usually preferred for all patients
when it can be provided by skilled personnel in a timely manner (door to bal-
loon time <90 minutes). Primary percutaneous coronary intervention is also
preferred for patients with high-risk presentations (cardiogenic shock, electri-
cal instability, or congestive heart failure) and for patients older than age 75.
Emerging data suggest that DES superior to BMSs among STEMI patients, but
DESs not approved for STEMI use at this time.

Practical Pearls

e Use of front-loaded clopidogrel in addition to aspirin in the emergency
department may help improve outcomes in STEMI.

e One should make a point to always look at any previous available angiograms
and also know the graft anatomy whenever possible before embarking on a
STEMI intervention.

e Using a diagnostic catheter for the non-culprit artery and then proceeding
with the guide directly for the culprit artery saves time and muscle during
STEMI intervention.



Figure 7a.3 Acute anterior ST elevation MI (STEMI) from thrombotic occlusion of
large left anterior descending artery.

Figure 7a.4 Visible thrombus with TIMI | flow in left anterior descending artery
following initial balloon inflation.

Figure 7a.5 Final angiogram following stent placement in the left anterior
descending artery.
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e Intervention performed only on the culprit artery and staged intervention
of other critical stenoses is the recommended strategy to ensure good
outcomes.

Straight anteroposterior (AP) or left anterior oblique (LAO) are the best
views to engage left coronary guides; left anterior oblique 30 degrees is the
best view for right coronary engagement. Right anterior oblique (RAO) cau-
dal or LAO caudal views are the best to wire a lesion in the proximal left
anterior descending artery (LAD) and proximal or distal circumflex artery
(Cx). LAO or RAO cranial views are best suited for wiring lesions in the mid
to distal LAD.

Positioning of a stent in the proximal LAD or circumflex should always be
done after confirming the proximal extent of the stent in one of the caudal
views to avoid extension into the left main artery.

A slight bend at the tip of the guidewire is sufficient for accessing the left
anterior descending artery. A sharper or more acute bend or double bends
are needed to access the circumflex artery.

Use of smaller balloons, such as 2 mm % 15 mm or 2.5 mm X 15 mm, are
preferable for predilatation as they have a smaller and easier crossing profile,
which helps to adequately dilate the lesion to establish some flow and thus
allow visualization of the distal vessels.

Liberal use of IABP among high-risk patients may improve procedure
outcomes.

Knowledge of patient’s socioeconomic status, insurance status, medication
and clinical compliance, and family support are useful when deciding what
type of stents to choose for a particular patient. This helps minimize stent
thrombosis from medication noncompliance if a DES is used.

o Aspiration thrombectomy followed by direct stenting during PPCl appears to
be the optimal strategy in improving short- and long-term outcomes.
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Chapter 7b

Percutaneous Interventions
in Cardiogenic Shock

Amer K. Ardati and Hitinder S. Gurm

Cardiogenic shock (CS) remains a high-risk clinical condition, with a mortality
rate approaching 66% despite aggressive invasive therapy.' This clinical syndrome
of reduced cardiac output with elevated or normal filling pressures result-
ing in end-organ hypoperfusion may have a myriad of etiologies. Appropriate
therapy should focus on reversing the cause of shock and providing adequate
support until recovery or definitive therapy is delivered. Percutaneous thera-
peutic options are divided into revascularization and mechanical hemodynamic
support.

Patient Management

The initial evaluation of patients with CS should focus on identifying the etiol-

ogy of shock. Generally, CS is divided into shock secondary to cardiac ischemia

in the setting of acute coronary syndromes (ACS) and shock unrelated to isch-

emia. Shock due to ACS may be caused by loss of ventricular systolic function

or by a mechanical complication of the infarction, such as acute mitral regur-

gitation, ventricular septal defect, ventricular free-wall rupture, or tamponade.

Nonischemic shock may be caused by loss of volume control in patients with

chronic heart failure, sudden adrenergic surge, arrhythmia, or myocarditis. The

history and physical examination should focus on the following elements:

o Presence of acute coronary syndrome and time of symptom onset

o History of preexisting heart failure

e Degree of end-organ involvement (e.g., mental status changes, respiratory
failure, oliguria, hepatopathy, metabolic acidosis, or digital ischemia)

e Vital signs, heart rhythm, lung sounds, murmurs, pulsus paradoxus, or
Kussmaul’s sign

The patient should be evaluated in an intensive care setting, such as the emer-

gency department, intensive care unit (ICU), or angiography suite. Initial testing

should include:

e 12-Lead electrocardiogram (EKG) and continuous telemetry

e Oxygen saturation




CHAPTER 7B Percutaneous Interventions in CS

o Arterial blood gases (ABGs) with serum lactate

o Basic chemistry, including serum sodium, potassium, and bicarbonate levels
e Complete blood count (CBC)

e Prothrombin time

o Portable chest x-ray

If the patient is found to be in respiratory failure, emergent endotracheal intu-
bation and mechanical ventilation should be started. Life-threatening arrhyth-
mia should be treated following the Adult Cardiac Life Support protocol. If a
mechanical complication is suspected, immediate echocardiography should be
performed. At this point, the patient’s management will depend on whether an
ACS event is occurring.

Cardiogenic Shock Associated with Acute Coronary
Syndrome

Patients with evidence of ACS should be sent for emergent cardiac catheter-
ization, with the goal of revascularization and mechanical support. Current
American College of Cardiology/American Heart Association (ACC/AHA)
guidelines suggest that the first step in the invasive management of CS second-
ary to ACS is to place an intra-aortic balloon pump (IABP).

Intra-aortic Balloon Pump

Placement of an IABP is a Class | indication in patients with CS related to ST
elevation myocardial infarction (STEMI) and is a lla recommendation in patients
with non-ST elevation Ml/unstable angina (NSTEMI/UA).2* Initial evidence
supporting the benefit of IABP for CS in the setting of acute Ml (AMI) was
extracted from retrospective data analysis that suggested improved survival
to discharge and 1-year survival.** The observed mortality benefit of IABP
appears to have been driven by AMI patients treated with thrombolytics, in
whom IABP use coincided with an increase in revascularization procedures.®’
Small randomized studies have not been adequately designed to establish the
mortality benefit of IABP in CS secondary to AMI.2? Nonetheless, it appears
that patients with CS secondary to AMI tend to have better outcomes when
treated with |ABP support in centers with high IABP use, regardless of method
of revascularization.’ A contemporary review of |ABP outcomes suggests that
complications occur in 8.1% of patients who receive IABP. Major events such as
limb ischemia, bleeding, balloon leak, or death related to IABP only occurred
in 2.7% of cases." Contraindications to IABP include moderate to severe aortic
valve insufficiency, abdominal aortic aneurysm, uncontrolled bleeding or sepsis,
and bilateral severe peripheral arterial disease."

Technique

e Equipment selection: Intra-aortic balloon pumps are produced by multiple
manufacturers and are available in different sizes. The patient’s height and
body surface area dictate the volume and sheath size of the balloon used.



o Access: To facilitate coronary angiography and PCl, it is helpful to insert the
IABP via the left common femoral artery. In the presence of severe bilateral
peripheral arterial disease, an IABP may be placed with surgical assistance via
an axillary artery cut-down. Note that the IABP may be placed with or with-
out an introducer sheath. If sheathless insertion is required, the tear-away
introducer sheath should be removed after the device is positioned.
Positioning: Once access is obtained, the balloon tip should be positioned
distal to the take-off of the left subclavian artery. A helpful landmark is the
inferior border of the left clavicle.

Pump initiation: The timing of inflation and deflation can be triggered by EKG
information, systemic arterial pressure wave forms, or may be preset by the
operator, as in the case of ventricular fibrillation or cardiopulmonary bypass.
Appropriate timing of balloon inflation and deflation is needed to achieve
optimal IABP support (Fig. 7b.1). Fluoroscopic evaluation of the entire length
of the balloon should be performed to ensure adequate balloon inflation and
position.

Postinsertion care: The insertion sheath and balloon catheter should be sutured
to the patient. Clear sterile dressing should be placed over the insertion site.
The patient must remain supine as long as the IABP is in place. Although
standard practice has been to provide systemic anticoagulation with heparin
during IABP use, no randomized studies have demonstrated a benefit to this
strategy. A single-center randomized trial of 153 patients treated with IABP
found no benefit to systemic anticoagulation with heparin and an increase in
bleeding outcomes.™

Removal: Once IABP use is no longer required and removal is desired, sys-
temic anticoagulation should be withheld. Standard sheath removal precau-
tions should be taken to manage pain and vasovagal reactions. The insertion
site should be allowed to back bleed momentarily to eject any possible clot.
Hemostatic pressure should be maintained for a minimum of 30 minutes.
Once hemostasis is achieved, the patient should remain supine for 6 hours.

Percutaneous Coronary Intervention

Once hemodynamic control is obtained, focus should quickly to turn to achiev-
ing revascularization. The advent of emergent reperfusion therapy in AMI
has altered the incidence of CS worldwide."*"7 Immediate revascularization
has been shown to improve both short- and long-term outcomes in patients
who suffer CS secondary to AML."®" Observational studies initially suggested
that revascularization in CS reduced 30-day mortality by 22%—-33%, but these
reports were hampered by selection bias.?*?' Randomized trial data support-
ing PCl in CS come from the Should We Emergently Revascularize Occluded
Coronaries for Cardiogenic Shock (SHOCK) trial, which randomized 302
patients with CS due to LV dysfunction in the setting of AMI to medical therapy
or emergent revascularization. All patients were recommended treatment with
IABP. Medical patients were given thrombolytics if appropriate and advised to
delay revascularization by a minimum of 54 hours after randomization. Patients
assigned to early revascularization were advised to have either coronary artery

CHAPTER 7B Percutaneous Interventions in CS



ions in CS

CHAPTER 7B Percutaneous Intervent

E

A B
mmHg mmHg
140, 140
Dasstolic Augmentation
Unassisted Diastolic
120! / Systole \ Assisted Unassisted Augmentation
Systole 1204 Systole
N\
100! B Assisted
allon
Systole
’ dA intiation 100
nassisted Aortic
80 End Diastolic
Pressure Assisted Aortic End 80
60 Distance Pressure
Assisted Aortic
End Diastolic
60 Pressure
C D
mmHg mmHg
140 140 Diastolic
Augmentation
Unassisted
Systole Diastolic éiz‘f;f:
1201 Augmentation - Aggisteq 120 -
Systole
1001 100 =
Dicrotic
Notch Unassisted Aortic
80 80 End Diastolic
X Assisted Aortic Pressure
Assisted Aortic End Diastolic
End Diastolic Pressure
6oL Pressure 60 -
E
mmHg
1401
Diastolic
Augmentation
Unassisted Prolonged Rate
120 roong
Systole of Rise of
Assisted Systole
1001 Widended
Appearance
80~ Assisted Aortic
End Diastolic
Pressure
60

Figure 7b.1 (A) Systemic arterial pressure waveform from a patient with a normally
functioning intra-aortic balloon pump (IABP) device, in whom the IABP device is
programmed to inflate during every other cardiac cycle (commonly referred to as “1:2,”
or one inflation for every two cardiac cycles). With the first beat, aortic systolic and
end-diastolic pressures are shown without |ABP support and are therefore unassisted.
With the second beat, the balloon inflates with the appearance of the dicrotic notch,
and peak-augmented diastolic pressure is inscribed. With balloon deflation, assisted end-
diastolic pressure and assisted systolic pressure are observed. To confirm that the |ABP
is producing maximal hemodynamic benefit, the peak diastolic augmentation should be
greater than the unassisted systolic pressure, and the two assisted pressures should be
less than the unassisted values. (B) Systemic arterial pressure waveform from a subject in
whom balloon inflation occurs too early, before aortic valve closure. Consequently, the
left ventricle is forced to empty against an inflated balloon; the corresponding increase

in afterload may increase myocardial oxygen demands and worsen systolic function.

(C) Systemic arterial pressure waveform from a patient in whom balloon inflation occurs
too late, well after the beginning of diastole, thereby minimizing diastolic pressure



bypass graft (CABG) surgery or PCl as soon as possible within 6 hours of
randomization. Patients assigned to early revascularization had decreased mor-
tality at 30 days, 6 months, 3 years, and 6 years (absolute risk reduction: 9.3%,
12.8%, 13.1%, and 13.1%, respectively).

Technique

o Equipment selection: Standard diagnostic angiography and intervention equip-
ment should be prepared. In the setting of AMI, consideration of catheter
thrombectomy should be made. A pulmonary artery catheter equipped
with a catheter cover (e.g., “swan saver” or “swan-dom”) should be prepared
as well.

Access: A 6 Fr arterial access should be sufficient in a majority of cases. An
8 Fr venous access sheath should also be placed to facilitate delivery of
vasopressors, inotropes, and pulmonary artery catheterization. It is recom-
mended that the IABP be placed on standby mode when advancing catheters
in the aorta. Intra-aortic balloon pumping should resume once the coronary
catheter has reached the ascending aorta.

Anticoagulation: The current standard of care for anticoagulation during ACS
complicated by CS is heparin and glycoprotein lIb/llla inhibition. A retrospec-
tive study of 89 patients with AMI complicated by CS treated with bivalirudin
and provisional glycoprotein lIb/llla inhibition suggests that a bivalirudin-based
strategy may be safe and effective.?? Anticoagulation should not be given if
ventricular free-wall rupture is detected.

Lesion selection: The infarct-related artery should be identified promptly and
revascularized first. No clear data exist to address the risks and benefits of
multivessel PCl in CS. In the SHOCK trial, single-stage multivessel PCI was
performed in nearly 14% of patients and was associated with a 35% reduc-
tion in 1-year survival®* It is difficult to make conclusions based on this
observation, due to the inherent selection bias involved with this subset of
patients. Current recommendations suggest that if CS persists despite revas-
cularization of the infarct-related artery, other potential PCI targets should
be treated. In the presence of severe three-vessel coronary disease or left
main coronary disease, the patient should be referred for emergent bypass
surgery. In the SHOCK trial, patients who received bypass had similar out-
comes to those who received PCI.2

<
<

augmentation. (D) Systemic arterial pressure waveform from a patient in whom balloon
deflation occurs too early, before the end of diastole. This may shorten the period of dia-
stolic pressure augmentation. A corresponding transient decrease in aortic pressure may
promote retrograde arterial flow from the carotid or coronary arteries, possibly inducing
cerebral or myocardial ischemia. (E) Systemic arterial pressure waveform from a subject
in whom balloon deflation occurs too late, after the end of diastole, thereby producing
the same deleterious consequences as early balloon inflation (increased left ventricular
afterload, with a resultant increase in myocardial oxygen demands and a worsening of
systolic function). Reprinted from Trost JC, Hillis LD. Intra-aortic balloon counterpulsa-
tion. Am J Cardiol. 2006; 97:1391-1398, with permission of the publisher (Elsevier).
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o Device selection: The presence of a mechanical complication such as acute mitral
regurgitation or ventricular septal defect may require surgery in the short term.
Alternatively, severe left ventricular (LV) systolic dysfunction and continued
shock may trigger the need for transplant or permanent LV assist device place-
ment. If a surgical intervention is anticipated, placement of a stent should be
avoided and reperfusion should be performed with angioplasty only.

Special Consideration

o Delayed presentation: The current ACC/AHA guidelines for the management
of AMI emphasize urgent revascularization for patients who present within
12 hours of symptom onset. In patients with CS, the window of opportunity
is prolonged to 36 hours after the index Ml as long as revascularization is
performed within 18 hours of the onset of shock (Class la for patients <75
years old, lla for patients >75).2

e Non-ST elevation myocardial infarction (NSTEMI): Nearly 2% of NSTEMI
patients will develop CS; moreover, NSTEMI patients represent 17%-30%
of all CS patients.*% Patients with NSTEMI complicated by CS tend to be
older, have renal insufficiency, have more advanced coronary disease, and
develop shock later than their STEMI counterparts. Patients with NSTEMI
and CS have similar 30-day mortality to those with STEMI and CS. Current
ACC/AHA guidelines recommend early invasive management of all NSTEMI
patients within 48 hours of presentation, based on data from multiple clinical
trials showing a reduction in mortality and nonfatal Ml and recurrent UA3%
All early invasive clinical trials in NSTEMI have excluded patients with CS.
Given the high mortality of CS, the benefits of emergent revascularization in
NSTEMI CS are inferred from the STEMI population.
Elderly: Patients 75 years and older only accounted for 18% of SHOCK trial
participants. In this small subset, early revascularization did not appear to
offer a mortality benefit. The small sample size and the heterogeneity in
baseline characteristics of the patients (particularity lower ejection fraction
in patients randomized to early revascularization) may have contributed to
the absence of a beneficial effect.?® Subsequent registry analysis suggests that
elderly patients do in fact have a mortality benefit from early revasculariza-
tion commensurate with results seen in younger patients.?’

e Absence of primary PCI: If the patient presents to a facility without PCI capabil-
ity, fibrinolytics should be given if (1) time to PCl is greater than 90 minutes,
(2) STEMI onset occurred less than 3 hour ago, and (3) there is an absence
of contraindications to fibrinolytic therapy. Once fibrinolysis is started, the
patient should be transferred to a PCl center immediately in case mechanical
support is required.

Cardiogenic Shock without Ischemia

Patients with CS unrelated to ischemia are at high risk of death and require com-
prehensive critical care to prevent poor outcomes. As previously mentioned,



the etiology of shock must be determined and reversed. The patient should
be cared for in an ICU setting. If medical management fails to quickly relieve
shock, invasive hemodynamic support must be considered. The most widely
available and simplest form of mechanical support is the IABP. Should a patient
fail IABP support or appear to have biventricular heart failure, concomitant lung
injury, or severe LV systolic dysfunction, several alternative percutaneous assist
strategies exist.

Extracorporeal Membrane Oxygenation

Extracorporeal membrane oxygenation (ECMO) offers total cardiopulmonary
support via peripherally placed arterial and venous access points. Access is typi-
cally achieved with 15 Fr catheters in the femoral artery and vein. The removal
of venous blood and external oxygenation allows for biventricular support in
cases where recovery is expected or definitive therapy is planned. Thirty-day
survival for patients with CS who require ECMO has been reported as high as
38%.% Initiating ECMO during cardiopulmonary resuscitation (CPR) has worse
outcomes than starting support before complete hemodynamic collapse occurs.
Patients with myocarditis tend to have higher survival rates than other ECMO
recipients.?’ A study assessing the utility of ECMO in temporizing high-risk CS
patients (systolic blood pressure <75 mm Hg despite two inotropes with or
without IABP, multiorgan failure, and mechanical ventilation) prior to left ven-
tricular assist device placement (LVAD) found that patients who were able to
survive ECMO had 1-year outcomes similar to those of lower-risk patients who
proceeded directly to LVAD placement.?> Complications related to ECMO use
include access site bleeding; thrombotic complications, including stroke and
ischemic limbs; infection; and left ventricular distention.

Impella Device

The Impella 2.5 device (Abiomed, Danvers, MA) is an axial flow pump inserted
percutaneously via a 13 Fr introducer into the femoral artery. The device is
placed across the aortic valve, draws blood from the left ventricle, and pumps it
into the ascending aorta at a maximum rate of 2.5 L/min (Fig. 7b.2).

Insertion and continued support requires anticoagulation with heparin to
reach an ACT of 160-180 sec.® A small study that randomized 26 patients
with CS secondary to AMI to Impella versus IABP support showed that the
Impella tended to produce higher cardiac output and mean arterial pressures
than that seen in IABP-treated patients. Impella patients tended to have more
blood transfusions, and device insertion took 8 minutes longer than |IABP
deployment.** In addition to improving cardiac output and systemic blood pres-
sure, Impella use has been shown to improve coronary perfusion pressure and
improve coronary flow reserve.’> Complications of Impella use include hemo-
lysis, stroke, ventricular arrhythmia, and bleeding.

TandemHeart

The TandemHeart (CardiacAssist, Pittsburgh, PA) is an extracorporeal centrif-
ugal pump that aspirates blood from the left atrium and returns it to the arterial
circulation via a 15 Fr femoral artery catheter. Left atrial access is achieved with
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Inlet

IMPELLA 2.5 Catheter

Outflow

Figure 7b.2 The Impella 2.5 catheter positioned across the aortic valve. Reprinted
from Dixon SR et al. A prospective feasibility trial investigating the use of the Impella
2.5 system in patients undergoing high-risk percutaneous coronary intervention (The
PROTECT | Trial): initial U.S. experience. JACC: Cardiovasc Interv. 2009;2(41):91-96, with
permission of the publisher (Elsevier).

a 21 Fr catheter introduced into the femoral vein and then across the inter-
atrial septum under fluoroscopic guidance. The device can achieve an output
of 4.0 L/min. The TandemHeart system requires systemic anticoagulation with
heparin to achieve an ACT of 400 seconds during insertion and an ACT of 200
seconds or more during support.®® Two small randomized trials with a total of
83 patients with CS have demonstrated that TandemHeart use results in higher
cardiac output, lower pulmonary capillary wedge pressure, and higher systemic
blood pressure than IABP therapy.*® The TandemHeart device has also been
used to treat CS secondary to right ventricular failure in the setting of inferior
MI. To provide right ventricular support, the inflow catheter is positioned in
the right atrium, and the outflow catheter is placed in the main pulmonary
artery.* Complications of TandemHeart use include atrial rupture during inser-
tion, hemolysis, stroke, and bleeding (see Table 7b.1).

Conclusion

Cardiogenic shock is a high-risk clinical condition that requires prompt critical
care. Careful and concise evaluation on presentation is necessary to identify
the etiology of shock and to triage the patient to appropriate therapy includ-
ing IABP* or Impella device." The use of invasive management can improve



Table 7b.1 Comparison of different forms of percutaneous

hemodynamic support for patients with cardiogenic shock

IABP ECMO Impella TandemHeart
Availability +H+++ + +++ ++
Systemic = +++ +++ +++
anticoagulation
Minimal arterial 7F 15F 13F 15F
access sheath
Special staffing ICU ICU and ICU ICU
and support Perfusionist
Biventricular - +++ - -
support (may be used for
isolated RV support)
Increased cardiac 1 L/min 5 L/min 2.5 L/min 4 L/min
output
Technical + + ++ ++++
difficulty
Bedside insertion  + + - -
Cost + +H+++ +++ +4++4+

short- and long-term outcomes. Patients with CS secondary to ACS benefit
from revascularization. Mechanical support options are varied, and selection
should be based on individual patient characteristics.

Practical Pearls

e Patients with CS should be divided into those with ACS and those without
ischemia early on.

e Mechanical complications of ACS should be considered and managed prior
to providing anticoagulation and placement of stents.

o Several mechanical support options are available, and these should be used
according to the patient’s needs and characteristics.
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Chapter 7c

Saphenous Vein Graft
Intervention

Khurram Ahmad and Pranab Das

More than 400,000 coronary artery bypass graft (CABG) operations are per-
formed annually in the United States, with the saphenous vein graft (SVG) as
the major type of conduit. Only about 80% of SVGs may remain patent 5 years
after surgery, and about 60% are patent at 7-10 years. Disease in the SVG
involves three discrete processes: thrombosis, intimal hyperplasia, and athero-
sclerosis. During the first month after bypass surgery, vein graft obstruction
results from thrombotic occlusion. Intimal hyperplasia is the major disease pro-
cess in venous grafts between 1 month and 1 year after implantation. Beyond
the first year after bypass surgery, atherosclerosis is the dominant process caus-
ing the attrition of saphenous veins.! Repeat CABG or percutaneous coronary
intervention (PCI) is needed for nearly 5% at 5 years and 20% at 10 years.? The
success of PCl of SVG ranges from 70% to 90%, based on the degree of stenosis.
Degenerated SVGs, aorto-ostial lesions, and older grafts are associated with
lower success during PCI.?

Proximal Anastomoses of the Venous Grafts

It is helpful to review the operative report or previous angiogram to help mini-
mize the amount of dye during cannulation of vein grafts. Surgical clips left after
bypass surgery also help in localizing the grafts. In the absence of clips, a general
knowledge of the graft location may help. Grafts to the left coronary artery
arise from the left anterior surface of aorta. Grafts to the circumflex are usually
placed higher than grafts to left anterior descending (LAD) artery. Grafts to
the right coronary artery are commonly anastomosed superior to the native
right coronary ostium. A 30-degree left anterior oblique (LAO) aortogram may
also help in localizing the graft anastomoses. Grafts to the left coronary artery
(LCA) are best cannulated in a right anterior oblique (RAQO) projection and
grafts to the right coronary artery (RCA) in a LAO projection.
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Management of Saphenous Vein Graft Stenosis

Redo Coronary Artery Bypass Graft Versus Percutaneous Coronary
Intervention

Repeat CABG carries a two- to four-fold higher risk of periprocedural death
and myocardial infarctions (MI) compared to first-time CABG.* The presence
of a patent left internal mammary artery (LIMA) to LAD makes redo CABG
less beneficial compared to the initial CABG. On the other hand, PCI of native
vessels has lower risk of periprocedural death and Ml when compared to PCl of
SVGs, and thus should be the initial strategy whenever feasible.®

Site of Lesions in the Grafts

e Aorto-ostial lesions: Percutaneous coronary intervention of aorto-ostial
lesions has a restenosis rate of 42% compared to 17% with nonostial lesions.
Final luminal diameter is the major determinant of restenosis following aorto-
ostial PCI.

o Lesions in the body of the graft: Lesions in the body of the graft can be treated
with stents with a higher success rate and a less than 5% complication rate.

e Distal anastomotic lesions: Due to mismatch between the graft and native
vessel, stenting of the distal anastomotic lesion is difficult. Balloon angioplasty
alone is very safe and effective, and probably the treatment of choice for
these lesions.

Approach to Percutaneous Coronary Intervention of Saphenous
Vein Graft Lesions
Figure 7c.1 shows the typical PCl of an SVG lesion.

Pharmacology (Antiplatelet and Antithrombotic Therapies) during SVYG PCI
Heparin or bivalirudin is the antithrombotic agent of choice, with less bleeding
associated with the latter’s use. Studies have demonstrated that glycoprotein
lIb/llla inhibitors may not be beneficial for PCI of SVG lesions.®> A clopidogrel
loading dose of 600 mg should be used at least 2 hours prior to an elective SVG
intervention, if feasible, for better antiplatelet effects. Aspirin and clopidogrel
maintenance therapy should then be continued.

Choice of Guide Catheters

Vein grafts with horizontal take-off, as is the case in most, can be engaged by
a JR4 guide catheter. Right coronary grafts with inferior take-off are usually
better engaged with a multipurpose guide catheter. Shape and tortuosity of
the aorta are very important criteria when selecting a guide catheter. Although
most of the left coronary grafts can be engaged with a JR4 catheter, in dilated
and tortuous aorta, the Amplatz left (AL) or Amplatz right (AR) guides need
to be used for left and right coronary engagement, respectively. Occasionally,
a very superior take-off of a vein graft requires a specially designed bypass
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Figure 7c.1 Approach to the percutaneous coronary intervention of saphenous vein
graft lesions based on the site and morphology. Adapted and reprinted from Freed

M, Safian RD. Manual of interventional cardiology, 3rd ed. (Figure 17.5). Sudbury, MA:
Jones and Barlett Publishers, 2001, with permission of the publisher (Jones and Barlett
Publishers).

graft catheter (left or right coronary bypass graft catheters). When the lesion
is ostial, and pressure dampening is noted during diagnostic angiogram, a guide
catheter with side holes may be used to avoid impaired perfusion following
catheter engagement.

Guidewire and Emboli Protection Devices

The advent of PercuSurge® and Filter Wire’ emboli protection devices (EPDs;
see Tables 7c.1 and 7c.2) heralded a new era in the PCl of SVG lesions. Use
of these devices causes a significant reduction in major adverse cardiac events
(42% relative risk reduction in major adverse events with PercuSurge device
compared to conventional stenting). However, aorto-ostial lesions, lesions
within 2.5 cm of distal anastomosis, vessel diameters of less than 3.5 mm and
more than 5.5 mm, and less than 2 cm of straight vessel distal to lesion are
exclusions for the use of some of these devices. Absence of adequate landing
zone, smaller distal vessels, tight stenosis, and tortuous anatomy may make the
delivery or use of embolic filter devices difficult. In these situations, proximal
occlusion using Proxis EPDs may be useful, as they do not have these limitations
and the thrombus can be aspirated even before the deployment of balloons or
stents, thus minimizing the no-reflow phenomenon.®

Choice of Stents

Choice of stents in the treatment of SVG is controversial. Use of sirolimus-eluting
stents reduces angiographic and clinical restenosis at 6 months compared to bare
metal stents (BMSs).” However, when studied over longer periods, BMSs may tend
to confer lower long-term mortality over drug-eluting stents (DESs)." The recently
published PELOPS (Paclitaxel-Eluting Stent Long-term Outcomes in Percutaneous
Saphenous Vein Graft Interventions) study concluded that implantation of PESs to
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1 Pros and cons of different types of emboli

protection devices

Device type  Pros Cons
Filter emboli Preserve antegrade May not capture debris smaller than
protection flow throughout the pore size
device (EPD)  procedure Not as steerable as coronary wires
Optimal visualization of  May cause spasm or dissection
the lesion

Lesion crossing with
guidewire of choice
possible (with wire
independent systems)
Can be deployed and
captured rapidly

Easy to use

Lesion crossing not protected

Filter may cause flow obstruction (slow
flow, no flow)

Due to stiffness of the device, may not
be placed in the presence of excessive
tortuosity

Apposition in tortuous vessel may not
be optimal

Requires a vessel segment distal to the
lesion suitable for placement (landing zone)

Proximal All the steps of the
balloon procedures are protected
occlusion Crossing of the lesion

* flow reversal with guidewire of choice

Protection also possible
in presence of excessive
tortuosity

Protection independent
of particle size

Transient flow obstruction may be
poorly tolerated

Poor visualization of the lesion

Handling more demanding

Larger sheath size required

Occlusive balloons may cause dissection
or spasm

Time-consuming set-up

Distal balloon
occlusion

Protection independent
of particle size

Lower profile and less
stiff than filter EPD
More easily delivered in
tortuous anatomy

Transient flow obstruction may be
poorly tolerated

Poor visualization of the lesion
Crossing of the lesion not protected
Use more cumbersome

Potential for balloon induced injury
Less steerable than coronary guidewire

Adapted from Roffi M, Abou-Chebl A, Mukherjee D, eds. Principles of carotid artery stenting. Bremen,
Germany: Uni-Med, 2008:44-49, with permission of the publisher.

Table 7c.2 Predictors of 30-day outcomes during saphenous

vein graft (SVG) intervention in emboli protection device trials
Odds Ratio 95% Confidence Interval p

Age (per 10 year) 1.21 1.07-1.37 0.01
Current smoker 1.50 1.08-2.08 0.01
Glycoprotein lIb/llla inhibitor 1.30 1.03-1.64 0.03
use

Thrombus 1.62 1.24-2.11 0.0004
SVG degeneration 1.54 1.37-1.74 <0.0001
Score (per category higher)

Plague volume (per 100 mm?®) 1.30 1.20-1.41 <0.0001

Reprinted from Coolong A. Saphenous vein graft stenting and major adverse cardiac events. A
predictive model derived from a pooled analysis of 3958 patients. Circulation. 2008;117:790-797,
adapted with permission of the publisher (Wolters Kluwer Health).




treat degenerative aortocoronary SVG lesions is safe and associated with low late
loss, angiographic restenosis, and major adverse cardiac event (MACE) at 1-year
follow-up." The STENT (Strategic Transcatheter Evaluation of New Therapies)
study suggested that the use of DESs compared with BMSs in SVG intervention
is effective in reducing TVR in the short term, but most of this benefit seems to
have been lost by 2 years. Furthermore, the short-term benefit seems to be most
pronounced in SVGs with small reference lumen diameter (<3.5 mm), and there
seems to be little or no benefit in SVGs with large reference lumen diameter.'
Bare metal stents would be preferred in SVGs of greater than 3.5 mm in diameter,
whereas DESs may have restenosis advantage in vessels that are smaller than 3.5
mm. Various stents are shown in Figures 7c.2-7c.4.

Complications of Percutaneous Coronary Intervention
in Saphenous Vein Grafts

e No reflow: Distal embolization and no reflow occur at 5%—15% following SVG
PCI. No reflow is more frequent in older (>3 years old) and degenerated vein
grafts. Intracoronary nitroprusside, intracoronary adenosine, or calcium chan-
nel blockers (nicardipine or verapamil) help prevent/treat the no-reflow phe-
nomenon. Distal EPDs are also effective in reducing no-reflow phenomenon.

Figure 7c.2 A thrombotic lesion in the body of a vein graft prior to intervention.
Reprinted from Coolong A. Saphenous vein graft stenting and major adverse cardiac
events. A predictive model derived from a pooled analysis of 3,958 patients. Circulation.
2008;117:790-797, with permission of the publisher (Wolters Kluwer Health).
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Figure 7c.3 Deployment of an emboli protection device in a vein graft during
intervention.

Figure 7c.4 Final angiogram of a vein graft lesion after placement of a bare
metal stent.



o Abrupt closure: Abrupt closure occurs in 1%—2% of PCl involving SVGs. It
is usually caused by dissection and can often be treated by stenting of the
dissection.

e Perforation: Although rare, perforation can occur during the use of now-de-
funct atherectomy devices. Emergency surgery or Jo-Med stents can be used
to seal the perforation.

e Restenosis: Ostial and proximal lesions, diffuse lesions, small vessels, chronic
total occlusion, and older grafts (>3 years) are predictors of restenosis, which
occurs in 23%-73% at 6 months.

Special Considerations

Chronic total occlusions (CTOs) of an SVG are universally associated with large
thrombus burden, and thus PCl of an SVG CTO is met with lowest procedural
success and the highest risk of periprocedural Ml and death. Thus, PCl of native
vessels must always be tried before attempting to intervene on a CTO of an SVG.

Conclusion

Percutaneous coronary intervention of SVGs is a high-risk intervention. No
reflow occurs more frequently with SVG intervention compared to native-
vessel PCI. Lesion preparation with the use of EPDs and liberal use of prepro-
cedural intracoronary vasodilators such as adenosine, calcium channel blockers
(nicardipine), or nitroprusside may help minimize this phenomenon. Choice of
stent must be individualized, based on the lesion type and lesion diameter.

Practical Pearls

e Balloon angioplasty followed by stenting is ideal for SVG lesions at the aorto-
ostial site and at the body of the graft.
e Balloon angioplasty alone may suffice for distal anastomotic lesions.

Direct stenting may help minimize the risks of distal embolization and no
reflow.

e Whenever feasible, attempts to intervene on the native vessel are more pru-
dent than PCl of degenerated vein grafts.

Embolic protection devices are very effective in reducing distal embolization
with SVG PCl and should be used.

Pretreatment of the vein graft with intracoronary calcium channel blocker
use (e.g., nicardipine) may reduce the incidence of no-reflow.
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Chapter 7d

Chronic Total Occlusion

Khaled M. Ziada

Percutaneous coronary intervention (PCl) of chronic total occlusion (CTO)
is one of the most challenging subsets of angioplasty encountered by inter-
ventional cardiologists today. Depending on the referral patterns, CTO PCI
can represent 5%—20% of the PCl volume in busy catheterization laboratories.
Nonetheless, CTO remains a major indication for referral to surgical revascu-
larization in the United States.!

Performance of such procedures should be carefully considered by the inter-
ventional operator and the patient (Table 7d.1).2 It is generally preferred to
schedule CTO PClI rather than proceed with ad hoc interventions (as is more
common with non-CTO PCI)>. This allows better consideration of optimization
of medical therapy, expected benefits, and risk of complications.

This chapter focuses on the step-by-step technical approach to the perfor-
mance of CTO PCI.

Arterial Access

Traditionally, femoral access is preferred to radial or brachial access in CTO
PCI, primarily for better support and because of the need for dual access in
some cases (Table 7d.2). Operators highly experienced in the radial approach
find no significant disadvantage in that approach in properly selected cases.

Anticoagulation

Because of the potential risk of perforation with the use of stiff CTO wires,
anticoagulants should be readily reversible. Intravenous unfractionated heparin
remains the preferred anticoagulant for CTO PCI. Activated clotting time (ACT)
should be frequently checked and maintained in a therapeutic range (>250 sec)
due to the length of the procedure and the possibility of multiple wire or balloon
catheter use in the guiding catheter lumen. It is reasonable to preload patients
with clopidogrel or other thienopyridines prior to the procedure for effective
antiplatelet effects. The use of intravenous glycoprotein lIb/llla inhibitors is not
preferred, at least until the wire safely crosses into the distal true lumen.
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Table 7d.1 Considerations in deciding to proceed with chronic

total occlusion (CTO) percutaneous coronary intervention (PCI)

« Clear indication and potential for benefit?

* Is the procedure expected to relieve significant angina or angina-equivalent
symptoms despite optimal medical therapy?

OR

« Is there evidence of significant areas of ischemia on an imaging functional study?

OR

« Is there potential for improvement in regional myocardial function (i.e., evidence of
viability and hibernation)?

OR

« Is there a potential survival benefit?*

¢ Clear and informed consent.

« Although recently improved, CTO PCI success rates are significantly lower than
standard PCI.

» While the risk of major adverse events is not significantly higher with CTO PClI, the
potential for complications does exist and should be balanced against the expected
benefit.

« There may be a need for more than one procedure to achieve success.

* There is a risk of excessive radiation exposure and use of large volumes of contrast.

* The decision to proceed with CTO PCl and the likelihood of success are influenced
by the technical experience of the interventional operator.

Table 7d.2 Considerations of arterial access in chronic total

occlusion (CTO) percutaneous coronary intervention (PCI)

« 7 or 8 Fr guiding catheters are almost always needed for better backup support.

« Potential need for use of anchoring balloon system to stabilize the guiding catheter

« Potential need for use of IVUS imaging (across a branching point) to guide CTO
wire

« Dual arterial access (via both femoral arteries) may be needed to visualize
retrograde collateral filling from the contralateral artery, facilitating direction of
CTO wire in case of retrograde approaches requiring guiding catheters in both
coronary arteries.

« Long (45 or 65 cm) rigid sheaths can enhance backup support.

IVUS, intravenous ultrasound.

Guide Catheter Selection

Chronic total occlusion PCI requires significant backup support to allow
advancing balloons and subsequently stents through the occluded segment™
Since passing the wire is usually the most difficult step, the selected catheter
must be used from the beginning of the procedure. Various catheter shapes can
be selected, with backup support being the critical determinant (Table 7d.3).
In almost all cases of CTO PCl, a 7 or 8 Fr guiding catheter is preferred. This
improves backup support and allows the use of advanced techniques such as



Table 7d.3 Guiding catheter shapes for chronic total occlusion

(CTO) percutaneous coronary intervention (PCI)
* Right Coronary Artery CTO

* Best backup support: AL1 or AL0.75

» Moderate support: AR shapes

« Least support: JR shapes
* Left Coronary Artery CTO

* Best backup support: AL2, AL1, or Extra-backup shapes

» Moderate or weak support: L shapes

* When using guiding catheters with moderate or weak backup support, an anchoring
balloon system can enhance the stability of the guide and the ability to advance
through the CTO (see Fig. 7d.1). This is helpful in cases of proximal or ostial disease,
in which more aggressive guide catheter shapes cannot be used.

balloon anchoring and intravascular ultrasound (IVUS)-guided wiring of the
CTO segment. In retrograde techniques, short catheters (<90 cm) are needed
to increase the working shaft length of microcatheters or balloon catheters.

Wires and Wiring Techniques

Several new techniques of CTO PCI have recently been developed, primarily
by experienced Japanese operators. In addition, wire technology has markedly
advanced, leading to a wide variety of dedicated CTO wires (Table 7d.4). This
allows interventionists to tackle cases that were not previously considered fea-
sible and hence improves the success rates appreciably.

Antegrade Techniques

Single-wire Technique

The mainstay of CTO PCI remains similar to standard PCI (i.e., antegrade
advancement of a single wire from the proximal true lumen to the distal true
lumen). Important differences in angiography and technique are outlined in
Table 7d.5. An over-the-wire balloon or a microcatheter is advanced over any
soft or moderately stiff wire to the site of the CTO. At that point, the wire
is replaced by the special CTO wire of choice. This maneuver protects the
proximal vessel from the stiff CTO wire and allows the operator to shape the
tip of the CTO wire more appropriately (much smaller bend, closer to the tip).
A graduated wire approach is usually followed, starting with a softer wire and
progressing to stiffer ones as needed. Having the balloon or the microcath-
eter close to the tip of the wire increases its stiffness significantly. Experienced
operators may prefer going directly to stiffer specialty wires to reduce the risk
of creating a false channel with softer wires.
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Table 7d.4 Commonly used chronic total occlusion wires

currently available in the United States?

Manufacturer Wire Tip Stiffness (g) Shaft and Tip
Diameter (inches)
Asahi/Abbott Whisper 1 0.014
Medium 3 0.014
Fielder 1 0.014
Fielder FC 1 0.014-0.009
Fielder XT 1 0.014
Miracle Bros. 3,4.5,6,12 0.014
Confianza 9,12 0.014-0.009
Confianza Pro 9,12 0.014-0.009
Pilot 50, 150,200 1.6, 3,4.5 0.014
Medtronic Persuader 3,6 0.014
Persuader 9 9 0.014-0.009
Boston Scientific ~ Choice PT 2 0.014
PT Graphix 34 0.014
Cordis Shinobi 2 0.014
Shinobi Plus 4 0.014

Table 7d.5 Angiographic and technical considerations unique

to chronic total occlusion (CTO) percutaneous coronary
intervention (PCI)

« Estimation of a reasonable trajectory from the proximal stump to the distal true lumen

« High-quality angiograms obtained in different views for definition of branches,
branching points, calcification, and bridging collateral vessels

* High-quality angiograms of the contralateral vessel to define retrograde collaterals
and extent of retrograde filling. Dual simultaneous right and left coronary injections
can be of great help.

» Some of these goals can be achieved by coronary computed tomography (CT)
angiography performed for planning a few days prior to the scheduled PCI*

* An over-the-wire system (microcatheter or balloon) should be used to allow wire
exchanges through the lumen without losing position within the artery.

« Provide further stiffness to the wire by advancing the shaft of the catheter closer to
the wire tip.

« Confirm position in true lumen after crossing.

» CTO wire manipulation is distinctly different from usual PCI.

« The tip is very short and the angle is also very narrow (i.e., the wire tip is very close
to being straight).

* To penetrate CTO, the motion is mostly piercing and burrowing with some aiming
and direction (opposite of non-CTO PCl technique).

As the wire is advanced into the CTO segment, several possibilities exist and
the clinical experience of the operator cannot be overemphasized. Figure 7d.1
provides a general outline of the possibilities and the tools that can be used at
each decision point.



If the stiff CTO wire is successfully advanced into the true lumen, it should
be replaced by a moderate support wire to avoid potential injury to the dis-
tal vessel during percutaneous transluminal coronary angioplasty (PTCA) and
stenting (Fig. 7d.2). Frequently, distal segments are diffusely diseased, and multi-
ple and/or long stents are required. Commonly, distal vessels appear small due
to underfilling and impaired endothelial function. This should be considered
when deciding on the size of stents to be used.

After the wire is advanced beyond the CTO segment, several clues can be
used to recognize the location of the wire, whether in the true lumen or sub-
intimal track (Table 7d.6 and Fig. 7d.3). This is a critical step prior to advancing
the balloon or the microcatheter into the distal vessel and proceeding with
PTCA and stenting.

Advancing wire into
CTO segment

v v
Unable to cross CTO segment.
with wire ] [ Able to cross ]
* I
Consider I_Vt_JS in branching point to Wire felt to be in Wire felt subintimal
aid in wire crossing true lumen (false channel)

If unsuccessful after trying the stiffest wire Leave wire in false channel,
consider IVUS to aid positioning

for a reasonable time, abort procedure °
A 4 of 2nd wire

and consider a 2" attempt using
retrograde approaches OR subintimal ‘Advance balloon or *
crossing and reentry microcatheter over wire

F W'Y Proceed with parallel or sea-saw
wire technique

Unable to advance balloon or Able to advance balloon or
microcatheter over wire microcatheter over wire
(Consider use of a Tornus catheter| Confirm position in true lumen
or an anchoring balloon system

to advance balloon through
CTO segment

[True lumen] [ False channel

OR

_[ Unsuccessful in ] [ Successful in advancing

advancing balloon balloon or catheter Proceed with PTCA and
stenting as necessary

Figure 7d.1 Algorithm for utilizing various tools and approaches during chronic
total occlusion percutaneous coronary intervention.

Table 7d.6 Clues to identifying true lumen (vs. subintimal

course) after wire crosses chronic total occlusion

« Experienced operators are usually able to determine the location by tactile feel and
freedom of tip motion.

* The ability to advance wire in more than one anatomically expected distal branches.

* Inject contrast in the contralateral vessel to fill retrograde collaterals and locate
the tip of the wire in relation to the retrogradely filled distal vessel in multiple
projections.

« Advance the balloon or microcatheter and inject contrast through the wire lumen
to visualize the distal lumen (see Fig. 7d.3).
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Figure 7d.2 Example of right coronary artery chronic total occlusion (CTO) per-
cutaneous coronary intervention using the single-wire technique. (A) The proximal
stump appears favorable for directing the wire tip, and the bridging collaterals faintly fill
the mid vessel, helping direct the wire. Retrograde filling from left to right collaterals
reached the distal segment of the artery (not shown). (B) A Miracle Bros™ wire
(weight tip 3 g) was advanced through the CTO segment without significant difficulty.
Note the very subtle bend on the tip of the wire. (C) After the wire is advanced to the
distal vessel and percutaneous transluminal coronary angioplasty (PTCA) is performed,
there is significant disease involving the entire mid vessel, which was eventually stented
(arrows) with a satisfactory angiographic result.

The ability to advance a balloon into the CTO segment for an initial PTCA
can be challenging in some cases due to the marked calcification, tortuosity,
and/or inadequate guide catheter support. Low-profile microcatheters and
small balloons with no distal markers have a better chance of crossing than do
regular double-marker PTCA balloons. If unsuccessful, the Tornus™ catheter
can be used to burrow through the lesion by carefully advancing and rotating it
in a counterclockwise direction (Fig. 7d.4).

Double-wire Technique

The double-wire approach is the most common secondary technique used
when the first attempt of crossing the CTO with the wire ends in a subintimal
false channel (see Fig. 7d.1). In such cases, the wire should be left in place for
two purposes: to plug the entrance to the false channel, and, with angiography
in multiple projections, to guide the entrance of a second wire (Figs. 7d.5 and
7d.6). Generally, CTO wires pass into false channels because of failure to follow
a natural angulation (i.e., they tend to follow the outer curvature when they are
supposed to follow the inner curvature of a vessel). Therefore, the second wire
almost always needs to be on the inside of the first one (i.e., the ventricular side
in the case of a right coronary artery [RCA] CTO and septal side the in case of
a left anterior descending [LAD] artery).

If the second wire again passes into a false channel, it can be left in place and
the first one pulled back and used for another attempt, hence the name see-saw
technique. Other operators prefer to leave both wires in place and try to cross
with a third wire.



Figure 7d.3 ldentification of true versus false lumen using the wire lumen of the
balloon catheter. After crossing with the wire, a small balloon or microcatheter is
advanced distal to the chronic total occlusion (CTO) segment. The wire is then removed
and contrast is injected into the wire lumen. Before injecting, it is important to ensure
the lumen is cleared of air by giving it time to “bleed back,” aspirating gently using a small
syringe and filling the catheter hub with saline as a small contrast syringe is connected.
Immediately after the contrast injection, the lumen must be cleared by a saline injection
to avoid crystallization of contrast molecules, which can impair advancing the wire back
in the distal lumen. (A and B) An example of CTO of the obtuse marginal (OM) branch
of left circumflex (LCX). The balloon is in the true lumen, as evidenced by brisk flow
and washout of contrast, in addition to visualization of small branches distally (B, arrow).
(C and D) In comparison, after crossing this complex CTO of the mid left anterior
descending (LAD) artery (arrow, beyond origin of second septal and a diagonal branch),
the balloon is in a subintimal track, which is irregular, has no branches, and “stains” with
contrast.

Retrograde Technique

This technique utilizes the collaterals from the contralateral artery to access
the distal cap of the CTO plaque, when antegrade penetration of the CTO
was attempted without success or if it is considered unlikely to succeed (such
as with an ostial CTO, very long CTO, or marked proximal tortuosity).>¢ The
most commonly used collaterals include septal perforators (from LAD to RCA
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Figure 7d.4 Techniques to overcome difficulty advancing a percutaneous translu-
minal coronary angioplasty (PTCA) catheter across chronic total occlusion (CTO)
segment. (A) Although the operator selected an 8 Fr AL2 guiding catheter and the
wire crossed the mid left anterior descending (LAD) CTO (arrow), a balloon could
not be advanced. Two maneuvers were used simultaneously, although each can be
tried separately. (B) A Tornus™ catheter is used to burrow forward into the occluded
segment, but with no success due to inadequate support. (C) An anchoring balloon is
then advanced in a small left circumflex (LCX) branch (arrow) and inflated to stabilize
the guiding catheter. (D) The subsequent forward pressure with the Tornus catheter
is successful and the lesion is crossed. (E) The final result after stenting of the LAD and
PTCA of the diagonal branch.

Figure 7d.5 Double-wire technique. (A) In this example of chronic total occlusion
(CTO) right coronary artery (RCA), an 8 Fr AL1 guide is used. (B) The first wire enters
into a false channel. (C) The wire is left in place, and a second wire (of similar or higher
stiffness, but shaped slightly differently) is advanced on the inner curvature of the artery
(arrow). (D) The wire enters the true lumen and, after percutaneous transluminal coro-
nary angioplasty (PTCA), severe diffuse disease is appreciated. (E) Further PTCA and
stenting leads to the final result.



Figure 7d.6 Double-wire technique. (A) In this example of percutaneous coronary
intervention of chronic total occlusion (CTO) in the mid left anterior descending
(LAD) artery, dual right and left coronary injections are used to define the length of
the occluded segment (white arrow: antegrade stump; black arrow: R>L collateral filling)
and provide guidance for advancing the antegrade wire. (B) The first wire enters a false
channel, which can be determined by the retrograde injection from the right coronary
artery (RCA) catheter. (C) The second wire is directed “inward” (i.e., on the septal side
of the first) and enters the true lumen. (D) The final result after percutaneous translu-
minal coronary angioplasty and stenting, and (E) a follow-up angiogram after 3 months
demonstrates continued patency.

and vice versa), epicardial and atrial collaterals. Defining the collateral anatomy
frequently requires subselective injections using PTCA catheters or microcath-
eters advanced into the collateral vessel. Defining the actual size, degree of tor-
tuosity, and continuity of the collateral with the recipient vessel are all critical
steps in planning the procedure. These vessels are thin walled and more prone
to dissection and rupture, thus wiring should be done meticulously and with
patience (Fig. 7d.7a-h).
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Figure 7d.7 Example of retrograde chronic total occlusion (CTO) percutaneous
coronary intervention (PCI) of left circumflex (LCX). (A) In addition to CTO in the
proximal segment, there is severe calcification at the ostium, and the left main artery is
diseased. An attempt at antegrade PCl has previously failed. (B) The epicardial collateral
from the PL branch of right coronary artery along the anteroventral (AV) groove is
relatively straight and of good size (arrows). (C) The angle between the collateral and the
recipient LCX is favorable that is, it directs the wire towards the CTO segment (arrow).
In retrograde CTO PCl, guiding catheters need to be short (90 cm or slightly less if the
catheter is cut manually) to have a longer working balloon shaft length. Dual coronary
injections are then performed to define the collaterals and the recipient segment distal
to the CTO (A-C). A soft wire is advanced into the collateral through a balloon catheter
or a microcatheter. Septal perforators tend to spasm over the wire and frequently
require very gentle balloon inflations (1.25 or 1.5 mm balloon at 1-2 atm). A septal
dilator catheter is now available and may obviate the need for this step. (D) The balloon
or microcatheter is then advanced into the distal recipient vessel, and the soft wire is
removed for a stiffer wire. (E) The CTO cap is penetrated from distal to proximal, and
the retrograde wire is advanced into the antegrade guiding catheter. (F) Percutaneous
transluminal coronary angioplasty (PTCA) of the CTO is then performed by advancing
the retrograde balloon (white arrow). (F) This can be facilitated by stabilizing the
retrograde wire in the antegrade guiding catheter using a balloon inflated in the body

of the catheter (black arrow). (G) After PTCA, a channel is created, an antegrade wire

is advanced (white arrow), while the retrograde wire (black arrow) is removed. (H) The
procedure is completed (further PTCA and stenting) via the antegrade guiding catheter.



Subintimal Tracking and Reentry Techniques

This group of techniques can be performed antegrade or retrograde. They are
generally reserved for cases that are not amenable to the techniques described
earlier. In brief, a wire is used to intentionally create a dissection plane that
extends into the arterial wall from the proximal stump to the distal vessel,
spanning the length of the CTO segment. Another wire, generally a very stiff
specialty CTO wire, is then advanced into the dissection plane and used to
reenter the true lumen beyond the CTO. This can be facilitated by IVUS imag-
ing from the dissection plane, which can better identify the direction of reentry;
dedicated IVUS imaging and reentry systems have been developed for coronary
as well as peripheral occlusions. New devices, such as the CrossBoss™, have
recently been approved to facilitate that approach. After reentry, PTCA and
stenting can be performed in the usual manner, although the majority of the
stented segments will be subintimal.

Success Rates and Complications

Chronic total occlusion PCl success rates have improved from the traditional
70% range to more than 85% in recent reports incorporating aggressive and
contemporary techniques.”® In a recent report, the procedural success rate of
the retrograde approach was 65%, but it could be increased to 85% with adjunc-
tive use of antegrade and subintimal tracking techniques.® Despite improvement,
there is no evidence of an increase in attempts at CTO PCl.? Several angio-
graphic characteristics can predict lower likelihood of success (Table 7d.7).

The incidence of major adverse events has significantly dropped over the
last few decades. Death, emergent surgery, and Q-wave myocardial infarction
(MI) are rare (<1.0%). Non-Q wave Mls occur 1%-3% more when the CTO PCI
is successful.” Most concerning is coronary perforation, which is significantly
more frequent with CTO PCI than with standard PCI. In the Total Occlusion
Angioplasty Study-Societa Italiana di Cardiologia Invasiva (TOAST-GISE) study,
successful PCl was achieved in a high percentage of CTOs witha low incidence
of immediate complications. Furthermore, at 1-year follow-up, patients with

Table 7d.7 Angiographic predictors of failure of chronic total

occlusion (CTO) percutaneous coronary intervention

« Antegrade Techniques®'°
« CTO >15 mm, severe calcification, severe proximal tortuosity, side branch at site
of CTO, bridging collaterals
* Retrograde Techniques®
« Failure to cross the collateral vessel (marked tortuosity, failure to visualize
connection between collateral and recipient vessel, and/or unfavorable angle
between collateral and recipient vessel)

CHAPTER 7D Chronic Total Occlusion

o
=
=



CHAPTER 7D Chronic Total Occlusion

120

successful PCl of a CTO had a significantly better clinical outcome than those
whose PCl was unsuccessful'. The absolute incidence of complications remains
low in other studies (0.9%) and with no evidence of increased mortality." With
complex techniques incorporating multiple stiff wires and instrumentation of
collateral vessels, the incidence of perforation is much higher (up to 11%).%
These are mostly type 1 perforations, caused by wire exit distal to the CTO
segment, thus not resulting in clinical consequences in the majority of cases.
Attention must be paid to delayed tamponade, diagnosed hours after the pro-
cedure, which is a typical presentation for wire perforations.

Due to the complexity and length of CTO PCI procedures, patients and
operators are exposed to higher doses of radiation."? Efforts should be made to
reduce both patient (collimation, reduced frame rate, and changing intensifier
position) and operator exposure (accessory lead shields, right anterior oblique
[RAQ] projections, reduced frame rate).? Patients should be informed about
such risk prior to the procedure, and failure of PCl should be accepted if fluo-
roscopy time exceeds 60 minutes without significant progress.

For similar reasons, contrast load is higher in CTO PCl. Operators should
be restrained when using contrast during wiring and in cases in which dual
injections are needed. Ideally, CTO PCl is scheduled so that patients are well
hydrated and the procedure planning can be based on prior angiograms.

Conclusion

Chronic total occlusion PCl remains a significant challenge in contemporary
interventional cardiology. Success rates have improved significantly, but vast
experience is needed to achieve these improved outcomes. Nonetheless, the
potential for complications exists, particularly with more aggressive and com-
plex techniques. Prior to attempting these procedures, operators and patients
need to have a comprehensive discussion about risks versus benefits.

Practical Pearls

o Although recently improved, CTO PCI success rates are significantly lower
than those for standard PCI.

e 7 or 8 Fr guiding catheters are almost always needed for better backup
support.

e Unfractionated heparin remains the preferred anticoagulant for CTO PCI.

e An over-the-wire system (microcatheter or balloon) should be used to allow
wire exchanges through the lumen without losing position within the artery.

e To penetrate the CTO, the guidewire motion is mostly piercing and burrow-
ing, with some aiming and direction (opposite of non-CTO PCl technique).

e Attention must be paid to delayed tamponade, diagnosed hours after the
procedure, which is a typical presentation for wire perforations.
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Chapter 7e

Calcified Coronary Lesions

Sanjay Bhojraj and Adam Greenbaum

The management of calcified coronary arteries poses a unique set of challenges
for the interventional cardiologist. Historically, percutaneous coronary inter-
vention (PCI) of calcified lesions has been associated with lower success rates
and worse outcomes.' Failure to deliver catheters, balloon rupture, vessel dis-
section, and failure to achieve a final percent diameter stenosis of less than 20%
all occur more commonly during PCI of calcified lesions. Higher frequency of
stent malapposition and asymmetry may account for higher acute and subacute
stent thrombosis rates.? Even after successful stent placement, smaller luminal
diameter and acute gain results in more frequent restenosis.’ Various tech-
nologies and techniques may increase success and outcomes following PCl of
calcified lesions.

Patient Management

Approach to the Patient

The first step in approaching the patient with coronary calcification is identifi-
cation. A quick review of any recent computed tomography (CT) scan of the
thorax can afford insight into the presence of coronary calcium. As CT coro-
nary angiography gains more traction, patients may present with an in-depth
analysis of the location and degree of calcification. Once identified, the next
step is to ascertain whether the calcification will interfere with the delivery and
performance of interventional equipment.

o Intravascular ultrasound: Conventional angiography is remarkably poor in
visualizing coronary calcification, making it difficult to predict the complexity
of treating these lesions.* The adoption of intravascular ultrasound (IVUS)
has given the interventional cardiologist a more complete view of the calci-
fied coronary plaque, allowing the perspective of both depth (intimal, medial,
or adventitial) as well as the degree (arc) of coronary calcification (Fig. 7e.1).>
Although all types of calcification will affect the delivery of equipment and
acute gain, intimal and circumferential types may be particularly problematic
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Figure 7e.1 Appearance of coronary calcium on intravascular ultrasound imaging. (A)
Arc of target lesion calcium. (B) Circumferential, intimal calcium. (C) Arc of superficial
calcium. (D) Circumferential, adventitial calcium. (E) Arc of adventitial calcium. (F) Arc
of adventitial calcium perpendicular to the maximum plaque thickness. Reprinted from
Mintz et al., Circulation. 1995;91:1959-1965, with permission of the publisher (American
Heart Association, Inc./Elsevier).

and may prompt a change in strategy to “upfront” rotational atherectomy
(RA) rather than reserving it for failure of the lesion to yield with high-
pressure dilation. We recommend routinely starting with an IVUS analysis
of calcification.
o Guiding catheters: Because of lower vessel compliance and increased rigidity,
coronary calcium results in more difficult product delivery. In general, larger
guiding catheters and “extra backup” shapes that offer greater support are
preferred (Table 7e.1). Although up to a 1.75 mm RA burr for plaque “modi-
fication” can be delivered through some of the larger lumen (>0.070-inch)
6 Fr guiding catheters, we recommend at least 7 Fr and preferably 8 Fr guid-
ing catheters for more aggressive debulking with larger burr sizes, particularly
when bare metal stent (BMS) use is planned, and/or for additional support.
Guidewires: Use of stiffer guidewires may be required to successfully deliver
equipment. In general, medium support wires are recommended. However,
in cases of vessel tortuosity and/or angulated lesions, it may be difficult to
cross a heavily calcified lesion with a supportive wire. In these cases, crossing
a lesion with a light support or hydrophilic-coated wire and exchanging for
the more supportive wire with an exchange catheter or an over-the-wire
balloon system may be advantageous. Similarly, the less supportive 0.009-
inch Rotafloppy™ wire (Boston Scientific, Natick, MA) may be difficult to
primarily deliver and can also be exchanged for after successful delivery of



Table 7e.1 Guiding catheters useful during percutaneous

intervention of calcified coronary lesions

Manufacturer Left Coronary System Right Coronary System
Abbott Vascular GLJCL GR

Boston Scientific VODA Q-Curve CLS Kiesz ~ ART Kiesz

Cordis XB XBLAD XBRCA

Medtronic EBU JCL RBU

All Manufacturers Amplatz Left Amplatz Left

JCL, Judkins curved left; CLS, contralateral support.

a light support or hydrophilic 0.014-inch wire. If it still proves difficult to
advance equipment past a calcified lesion, advancing a second guidewire (a
“buddy wire”) to assist has been established as a useful technique to deliver
equipment. Another wire of potential benefit is the Wiggle™ Wire (Abbott
Vascular, Abbott Park, IL), which can aid in delivery of products past eccen-
tric intimal calcification via intentional bias away from the calcium. Rarely,
medium-support wires in the setting of calcification combined with tortuos-
ity may paradoxically hinder delivery of equipment. In these cases, reverting
back to light support wires can occasionally lead to success not achievable
with more supportive wires.

Dilation catheters: In general, it will require noncompliant balloons and higher
pressures to achieve adequate dilation of a calcified vessel for stent delivery
and deployment. However, noncompliant balloons may not initially cross a
calcified stenosis, and initial dilation with an undersized (0.75 balloon:artery
ratio), more compliant balloon, even if the lesion fails to completely yield,
may allow subsequent delivery of a noncompliant balloon. As very high-pres-
sure predilation with a noncompliant balloon may result in major dissection
contraindicating subsequent rotational atherectomy, we recommend a low
threshold for converting to RA after failure of the lesion to yield with more
moderate pressure dilation with a noncompliant balloon.

Stents: Delivery of stents into heavily calcified lesions can be difficult and may
result in procedural complications. In choosing a stent, the ability to cross a
lesion is an important consideration and, in general, those stents with more
compliant delivery systems are more deliverable. Yet stent apposition and
symmetry are important in reducing acute and subacute complications, and
a less compliant stent delivery system may be advantageous in the setting of
vessel calcification. Therefore, stent choice should be deliberate and individ-
ualized. Given the smaller acute gain and maximal vessel diameter anticipated
when treating calcified stenoses, drug-eluting stents (DESs) are generally pre-
ferred over BMSs.
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Special Equipment

Prior to the widespread use of the DES, a major obstacle in treating calcified
lesions was establishing a lumen large enough to avoid restenosis. This led to a
proliferation of technologies aimed at increasing luminal diameter prior to stent
insertion (Table 7e.2). With the advent of DES and reductions in late loss, the
major remaining obstacle in treating calcified coronary lesions is more related
to the delivery of the therapeutic equipment rather than maximizing luminal
diameter.

o Rotational atherectomy (RA): The Rotablator™ (Boston Scientific, Natick, MA)
has established itself as invaluable in the delivery of interventional equipment
through heavily calcified lesions. This device consists of a nickel-plated burr
that is coated with 20-30 pm diamond chips attached to a flexible drive shaft
covered by a Teflon sheath.® This burr rotates at 140,000-150,000 rpm and
pulverizes coronary calcium into microparticles that are then taken up in the
reticuloendothelial system.” Although acute procedural success is higher with
RA, there has been a lack of definitive evidence demonstrating improvement
in long-term outcomes.® Limited data suggest that the use of a DES after rota-
tional atherectomy has more favorable clinical and angiographic outcomes at
9 months when compared to BMS implantation.’

Laser atherectomy: Although initially contraindicated in heavily calcified
lesions, more recent innovations allow the operator to vary fluence and
pulse repetition settings. The Excimer laser® (Spectranetics Inc., Colorado
Springs, CO) can be used as an alternative to RA for plaque modification
prior to stent deployment, and it may be of particular advantage in bifurca-
tion lesions, where maintenance of a side branch wire throughout the proce-
dure is desired. Although initial evidence with this technology demonstrated
increased procedural success for the delivery of equipment through heavily
calcified lesions, subsequent studies into the mechanism of luminal enlarge-
ment demonstrated significant deep medial and intimal vascular damage,
which led to the decrease in use of this technology with BMSs. Additionally,
lack of data surrounding long-term outcomes with laser atherectomy as an
adjunct to DESs has led to limited use of the technology during PCI of calci-
fied lesions.™

Cutting balloons: Cutting balloons are specially designed balloons aimed at
controlling dissection of the coronary plaque during vessel dilation. Once
the plaque is “scored” in this fashion, the hoop stress of balloon inflation is
decreased, which leads to more consistent expansion of balloons and subse-
quent stents. The cutting balloon uses lower balloon inflation pressures to
achieve a larger lumen gain, which may reduce the incidence of major dissec-
tion. It increases the relative contribution of plaque compression to vessel
dilation in overall vessel expansion, which may be of particular advantage
in the setting of circumferential calcification that significantly inhibits vessel
expansion.! Two types of cutting balloons are currently available for use in the
United States. The Flextome™ (Boston Scientific, Natick, MA) is comprised



Table 7e.2 Adjunctive devices in the treatment of calcified lesions

Device Author Year Endpoint Lesions (n) Success Procedural
Complications
RA Maclsaac’ 1995 <50% residual without 1078 94.% 4.1%
in-hospital death, QWMI,
or urgent CABG
RA Kiesz? 1999 Death, emergent CABG, 146 98.1% Not reported
QWMI, NQWMI, TLR
within 30 days and at
6 months
CB Karvouni? 2001 Procedural success without 37 97.3% 2.7%
death, MI, emergency
CABG, or repeat PCI
EL Fretz* 2001 CCS class, CVA, death 7 71.4% Not reported
EL Bilodeau® 2004 <50% residual without in 100 93% 5.3%

hospital death, QWMI,
NQWMI, or urgent CABG

RA, rotational atherectomy; CB, cutting balloon; EL, excimer laser; QWMI, Q wave myocardial infarction; NQWMI, non—-Q wave
myocardial infarction; TLR, target lesion revascularization; CABG, coronary artery bypass graft; Ml, myocardial infarction; CCS, Canadian

Cardiovascular Society; CVA, cerebrovascular accident.
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of three or four microsurgical blades with a 0.005-inch scoring depth, longi-
tudinally mounted on a noncompliant balloon.” Randomized data prior to
BMS placement suggest improved procedural and long-term outcomes with
cutting balloons compared to conventional balloon predilation.™' Studies
comparing the Flextome to conventional balloon predilation prior to DES
use are ongoing. The Angiosculpt® (Angioscore Inc., Fremont, CA) scoring
balloon utilizes three 0.005-inch cylindrical nitinol wires as a scoring device."™
Nonrandomized and registry data suggest improved stent expansion and
long-term clinical outcomes with Angiosculpt scoring compared to either
direct stenting or conventional balloon predilation prior to DES placement
in complex lesions.”® "7 The FX Minirail™ Balloon (Abbott Vascular, Abbott
Park, IL) is similar in concept to the Angiosculpt; it uses a steerable guide-
wire that remains external to a semicompliant balloon and a short guidewire
lumen distal to the balloon to gain traction across a coronary lesion. By inflat-
ing the balloon against these wires, points of highly focal longitudinal stress
are introduced at low inflation pressures. Initial studies suggested improved
stent expansion, but the balloon is no longer available for use in the United
States.'

Conclusion

Percutaneous revascularization of heavily calcified coronary stenoses can be
extremely difficult and frustrating to the interventional cardiologist. Knowledge
of the various types of calcification and their effects on the performance of
interventional equipment, along with various special techniques and technol-
ogies, can make a significant impact on the success of short- and long-term
outcomes following PCl of calcified lesions. A well thought-out strategy with
regard to equipment and approach is highly recommended.

Practical Pearls

e Examine extent and distribution of calcium using IVUS.
e Prepare for difficulty with delivery of equipment:
e Femoral approach
o Larger (7-8 Fr) guide catheters and extra support shapes
o Medium support wires
e “Buddy” wire if needed
o Prepare vessel well prior to stent delivery:
e Noncompliant balloons
o Cutting balloon
o Low threshold for rotational atherectomy
o Drug-eluting stents
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Chapter 7f

Bifurcation Lesions

Jose G. Diez and James M. Wilson

Bifurcation lesions constitute up to 20% of all coronary lesions treated with
percutaneous coronary intervention (PCI)." Treating bifurcation lesions is chal-
lenging because of the threats of side-branch closure, early thrombosis, and
especially restenosis. The presence of one or more bifurcation lesions strongly
influences the decision whether to refer the patient for coronary artery bypass
graft (CABG) surgery.?

Angioplasty of bifurcation lesions is associated with higher-than-normal
complication rates because of ineffective lumen expansion, a consequence of
plaque shift (longitudinal displacement of plaque) and lesion recoil. Stenting
reduces recoil, thus achieving a larger effective lumen. Unfortunately, exag-
gerated plaque shift caused by stenting the main branch may compromise side
branches.

One option for bifurcation PCl with stents is simply treating the main branch
with provisional angioplasty or stenting of the side branch. Another option is
stenting both the main branch and side branch (Figs. 7.1 and 7.2). In cases in
which both the main vessel and the side branch are stented, reported incidences
of major adverse events range up to 9%.3 Thus, the simpler approach—stenting
the main branch and provisionally stenting the side branch—is currently used
in most instances. This technique is associated with a 98% angiographic success
rate in both branches. Two stents are used in 30%—35% of cases, and final “kiss-
ing” balloon inflation is performed in more than 95% of cases. The in-hospital
rate of major adverse cardiac events (MACEs) has been reported to be around
5%, and the 7-month target-vessel revascularization rate (TVR) has been esti-
mated at 13%.*

Routine side-branch stent implantation has been compared to provi-
sional side-branch stenting with either the T-stent or the crush technique.
Reintervention rates are reportedly no different at 6 months (5.0% vs 7.9%; p =
0.39) and 1 year (8.9% vs 10.9%; p = NS).> A similar trial of the crush technique
alone versus provisional side-branch stenting arrived at similar conclusions. Still,
both groups had high rates of MACE (15.8% in the crush group vs. 15% in the
provisional-stenting group, p = NS).¢

Provisional side-branch stenting is associated with a lower incidence of
adverse outcomes at 1 year when drug-eluting stents (DESs) are used (death,
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Figure 7f.1 The MADS classification system for the treatment of bifurcation lesions.
Reprinted from Legrand V, et al. Percutaneous coronary intervention of bifurcation
lesions: state-of-the-art. Insights from the second meeting of the European Bifurcation
Club. Eurlnterv. 2007; 3:44-49, with permission of the publisher (Europa Edition).
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Figure 7f.2 The MADS classification scheme for “inverted” treatment techniques.
Reprinted from Legrand V, et al. Percutaneous coronary intervention of bifurcation
lesions: state-of-the-art. Insights from the second meeting of the European Bifurcation
Club. Eurlnterv. 2007; 3:44-49, with permission of the publisher (Europa Edition).




2.4%; myocardial infarction, 4.0%; revascularization, 5.6%) than when bare metal
stents (BMS) are used.” Therefore, provisional stenting with DESs appears to be
both the safest and the most effective option.

Planning and Risk Assessment

To determine the technique most likely to be effective for a particular type of
bifurcation lesion, various classification schemes have been developed that are
based on angiographic morphology.? However, fractional flow reserve (FFR)
may be more accurate than angiography in identifying side-branch lesions that
have significant physiologic effects and that therefore require additional atten-
tion (see Chapter 6).

The first step in approaching a bifurcation lesion is discovering the impact of
the lesion’s angiographic morphology and the size of the side branch. Generally,
one should attempt to preserve any at-risk side branch of greater than 2.0
mm in diameter. If the side branch is smaller than 2.0 mm, the risk of short- or
long-term failure of the intervention in the main branch probably exceeds the
potential benefit of attempting to preserve the small side branch (Fig. 7f.3).

The anatomic descriptive classification systems provide useful information
regarding the short- and long-term risk of failure. It may be wisest to adopt a
combination of simple schemes that includes the useful subscripts describing
angulation, calcification, or left main coronary artery involvement.® Angulation
and calcification may both influence the likelihood that cutting-balloon or rota-
tional atherectomy will be needed to maximize the chances of success if provi-
sional side-branch stent implantation is necessary.'*!"

The European “Bifurcation Club” adopted the Medina classification (Fig.
7f.4), in which a 0 indicates no disease and a 1 indicates significant disease in any
of three locations: proximal, distal, and side branch.” Lesion angulation, which
then defines the most appropriate approach, is described with a similarly easy
classification scheme (MADS: main, across, distal, side)."

Equipment

Equipment choices are a function of aortic and coronary anatomy, as well as
lesion characteristics. The choice of guide is determined by the angulation
proximal to the lesion, the angulation of the lesion, and the severity of calcifica-
tion. Generally, once you have determined the minimum guide support that
you suspect will be successful, step it up one notch. If final dilation with a kissing
balloon is anticipated, ensure that the inner lumen (7 or 8 Fr) will accommo-
date two balloons. Guiding-catheter choice may be the key to success, and in a
bifurcation case, it is a choice that you cannot take back.

The choice of wires is a function of the technique to be used. If the main
branch is the principal target, any floppy-tipped wire is appropriate. For the side
branch, a hydrophilic wire should be used in anticipation of the possibility of
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Figure 7.3 An algorithm for the treatment of bifurcation lesions. Reprinted from
Latib A, Colombo A. Bifurcation disease: what do we know, what should we do? JACC
Cardiovasc Interv. 2008;1(3):218-226, with permission of the publisher (Elsevier).

1. Main Branch proximal lesion > 50%: or 1

2. Main Branch distal lesion > 50%: 0 or 1
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Figure 7.4 Anillustration of the Medina classification of bifurcation lesions.
Reprinted from Latib A, Colombo A. Bifurcation disease: what do we know, what
should we do? JACC Cardiovasc Interv. 2008;1(3):218-226, with permission of the
publisher (Elsevier).




trapping the wire beneath the main-branch stent, which allows easy identifica-
tion of the site of entry to the side branch. If the side branch is to be stented
first, then a floppy-tipped wire is used there, and the hydrophilic wire is used in
the main branch. Recrossing into a vessel through the side struts is more easily
accomplished with a hydrophilic wire.

With respect to stent choices, stent designs differ in the maximum diam-
eter that can be achieved by side-strut dilation. Therefore, the size of the side
branch (or main branch) should be the most important determinant of stent
choice.

Techniques

For almost all bifurcation lesions with a significant side branch, both vessels
should be wired. When it is likely that the bifurcation lesion endangers the side
branch, or if there is ostial or more extensive side-branch disease (Medina 1.1.1,
1.0.1, 0.1.1), both branches are alternately predilated.

The initial plan is to implant the main-branch stent so as to leave the side-
branch wire “jailed.” A third wire is then advanced into the side branch, and the
jailed wire is used as a guide to the location of the side-branch ostium. After the
wire is successfully placed in the side branch, the jailed wire may be removed.
After predilation through the stent struts, final kissing-balloon postdilation is
performed. In the event that residual stenosis of greater 75% remains in the side
branch, a second stent may be deployed (T-technique) in the nonstented side
branch. Avoid excessively stretching the proximal left main artery when both
balloons are inflated simultaneously (Table 7f.1).

If significant extra-ostial disease is present within the side branch, or if occlu-
sive or near-occlusive dissection of the side branch results from predilation,
the side branch should be stented first, and only secondary attention should be
paid to the distal main branch.

Alternative Techniques

In the “classical crush” technique, a stent is positioned in the side branch with
about one-third of its length protruding into the main branch. Another stent is
positioned in the main branch (covering the proximal and distal segments of the
lesion and the ostium of the side branch). The side-branch stent is deployed,
and if there is no downstream dissection, the side-branch balloon and wire
are removed. The main-branch stent is then deployed, crushing the portion of
the side-branch stent lying in the main branch. The side branch is rewired, and
postdilation kissing-balloon angioplasty is done.

In the “mini-crush” technique, the side-branch stent is slightly retracted into
the main vessel, and a balloon is used to crush the side-branch stent rather than
the main-branch stent. This procedure is followed by the jailed wire technique,
then kissing-balloon angioplasty.
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Table 7f.1 Stepwise approach

1. Wire all side-branches >2 mm in diameter, crossing the most difficult part of the
lesion first.

2. Plan on provisional side-branch treatment if possible and provisional side-branch
stenting if side-branch treatment is necessary. A planned, modified Y-technique
(stenting the distal main branch and side branch only) may be considered if the
proximal main segment is completely normal. Consider IVUS or FFR to guide your
decision.

3. For bifurcation lesions with involvement of the side-branch ostium, predilate both
the side-branch and the main branch.

4. For provisional side-branch treatment, decide whether to predilate the side
branch after the main branch is predilated.

5. Stent the main branch first unless there is potential abrupt closure of the side
branch or the angle of the side branch remains >90 degrees after wiring and side-
branch stent treatment is deemed necessary.

6. “Jail” the side-branch wire with the main-branch stent.

7. Obtain side-branch wire access via stent side struts, using the original side-branch
wire as a guide.
8. Remove the original side-branch wire and balloon the origin of the side branch.
9. If the side-branch result is acceptable, <75% stenosis with TIMI 3 flow, perform final
kissing-balloon postdilation, using high-pressure inflation in the main branch only.
10. Stent the side branch if the residual stenosis is <75% or < TIMI 3 flow, using the
T-technique.
11. End with kissing-balloon postdilation, alternately using high-pressure inflation in
either branch, ending with the main branch. Each balloon should be noncompliant
and sized to the distal vessel into which it will be inserted.

IVUS, intravascular ultrasound; FFR, fractional flow reserve.

Two-Stent Approach to Bifurcation Lesions

A number of two-stent approaches are currently used in practice. These include
T-stenting, V-stenting, the crush technique, and the culotte technique. The
T-stenting technique involves positioning a stent at the ostium of the side branch,
being careful to avoid stent protrusion into the main vessel. Subsequently, a
second stent is deployed in the main vessel and final kissing balloon angioplasty
is performed. V-stenting technique refers to delivery and implantation of two
stents simultaneously. For this, one stent is advanced in the main vessel and the
other in the side branch, with the proximal extent of both stents touching and
forming a small carina. For the crush technique, stents are placed in the main ves-
sel and the side branch, with the stent in the main vessel placed more proximally
than the latter. The stent of the side branch is deployed, followed by deploy-
ment in the main vessel, which flattens/crushes the protruding cells of the side-
branch stent. Final kissing balloon inflation should be performed to redilate the
stent in the side branch. For the culotte technique, a stent is deployed across the
smaller, more angulated branch, typically the side branch. Then the nonstented
branch is rewired through the struts of the stent and dilated. A second stent is
then deployed in the nonstented branch, usually the main vessel. Final kissing



Table 7f.2 Practical pearls

« Regarding bifurcation stenting “You can do it, but . . . Should you do it?”

« Consider the side branch: Does it need protection, treatment, a stent, or a
combination of these?

« If you get fancy, you get complications.

« Consider rotational atherectomy or cutting-balloon predilation (plaque
modification).

« Consider using IVUS, FFR, or both to guide therapy.

« Give it a “kiss” before you leave.

IVUS, intravascular ultrasound; FFR, fractional flow reserve.

balloon inflation is then performed. The preferred strategy depends on operator
experience with each technique, with minimal comparative data available.

Special Issues

o Bifurcation intervention demands an appropriate balance among the clini-
cal justification for the intervention (i.e., the expected benefit), the need to
achieve an optimal result, the procedural risk, and the long-term outcome
(Table 7£.2).

e Several stents specifically designed for coronary bifurcation lesions are being
investigated.™

Conclusion

The best percutaneous treatment of bifurcation lesions has not been estab-
lished. Treating bifurcation lesions is challenging because of the threats of side-
branch closure, early thrombosis, and especially restenosis. Based on available
data, the strategy of stenting the main vessel with provisional side-branch stent-
ing is the currently favored approach, although there are situations in which a
two-stent strategy should be considered, such as the presence of a large side
branch that supplies a significant area of myocardium.

Practical Pearls

e Characterize the bifurcation anatomy to determine whether side-branch
treatment is necessary, and assess the potential difficulty of this proce-
dure by using the Medina classification, lesion angulation, and severity of
calcification.

o Never skimp on guide support for the catheter.

e Wire both vessels if the side branch is 2 mm or more in diameter.

o Keep it simple. Treat the main branch only, if possible, and stent the side
branch only when necessary.

e Finish with kissing-balloon dilation.
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Chapter 7g

Left Internal Mammary
Artery Graft Lesions

Carl Dragstedt

The widespread use of left internal mammary arteries (LIMAs) as coronary
artery bypass conduits ushered in dramatic improvements in outcomes when
compared with saphenous vein aortocoronary bypass grafts.! The patency rate
for internal mammary arteries at 10 years is approximately 85%, as opposed
to a reverse saphenous vein graft rate of 61% over the same time period.2
Radial artery grafts portend an even poorer prognostic patency rate at 2 years,
approximately 51%.% Pathophysiologically, LIMAs offer distinct advantages over
saphenous vein or radial artery conduits post-coronary artery bypass grafting
(CABG); they tend to have lower rates of atherosclerosis, and late graft loss is
generally due to fibrointimal hyperplasia and proliferation as opposed to pro-
gressive atherosclerotic disease (Table 7g.1).* Despite their prevalent usage,
LIMA graft failure or obstruction rarely occurs. Although found with a low
incidence, angiographic and functionally significant lesions involving IMAs are
most often detected at distal graft-target anastomoses, which usually occur
within the first few months after surgery. Lesions may also occur in down-
stream native vessels supplied by the graft, whereas obstructive lesions within
the body of the LIMA are exceedingly rare. Consequently, clinical data are not
robust regarding the optimal approach to LIMA lesions with regards to techni-
cal, adjunctive pharmacologic, and patient-specific aspects. Long-term outcome
data are particularly scarce, and the paucity of data is even greater in the current
stent era.

Results of Internal Mammary Artery Graft
Interventions

Patient Management: Preprocedural Considerations

As with all angiographic interpretations, it is imperative to determine the appro-
priateness of all therapeutic options, ranging from intensified medical therapy
alone to percutaneous versus surgical revascularization. Verifying the presence
of clinical indicators, including angina, ischemia, or infarction, are key deter-
minants that favor mechanical revascularization, yet unlike native coronary
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Table 7g.1 Results of internal mammary artery graft

interventions

Year Study No. of Patients Success (%)
1991 Dimas et al.® 31 90
1991 Shimshak et al.® 86 94
1992 Sketch et al.” 14 93
1995 Hearne et al® 68 88
1995 Najm et al.’ 34 91
1995 Ishizaka et al."® 46 74
2000 Mann et al." 10 100
2000 Gruberg et al.” 174 97
2001 Sharma et al.”® 280 92
2001 Roffi et al." 225 87

anatomy, several unique aspects of LIMAs and the distal bypassed anatomy
should be considered prior to proceeding.

Coronary lesions downstream of the anastomosis may be accessible
through the native coronary anatomy, thereby obviating the technical chal-
lenges of navigating through the bypass conduit, which is frequently quite
tortuous (Fig. 7g.1). If feasible, this approach should be considered for two
principal reasons. First, negotiating the guide catheter into the ostium of the
IMA requires one or more acute turns to ensure adequate coaxial position-
ing with optimal back support. Second, the distance from access site and
through the LIMA may limit the passage of the guidewire, angioplasty balloon,
and stent-delivery system. This issue is usually addressed with a 90-cm guide.
Moreover, the extreme tortuosity frequently encountered in LIMAs further
increases the risk of vessel pseudostenosis, dissection, or perforation. The
use of fractional flow reserve or intravascular ultrasound has not been well
studied in the LIMA.

Key patient-specific factors also warrant attention. Awareness of renal dys-
function is critical. The diagnostic catheterization may already necessitate higher
contrast volumes to allow native and graft angiography, and graft intervention
may result in a greater increase in contrast load. Outside of the acute coronary
syndromes, it is reasonable to delay interventions until after diagnostic angiog-
raphy, thereby monitoring and allowing time for renal recovery. This approach
allows for temporal resolution of any underlying renal dysfunction and for the
readministration of contrast-induced nephropathy prophylaxis prior to inter-
vention. If percutaneous intervention is planned, it is essential to have an under-
standing of the patient’s bleeding risk and whether any noncardiac procedures
are planned, as both of these may dictate stent type, hence the minimum dura-
tion of dual antiplatelet therapy.



Figure 7g.1 (A) Engagement of the left internal mammary artery (LIMA) with a 7 Fr 90
cm Raabe sheath and a 6 Fr VB1 guide catheter. (B) Extreme vessel tortuosity, with high-
grade stenosis at anastomosis. (C) Prowater wire and balloon angioplasty. Even with the
support offered from the Raabe guiding sheath, a stent was unable to be delivered.

(D) Final angiographic result. (Courtesy of RD Anderson.)

Management of the Patient: Procedural Considerations

Given the proclivity of LIMA angiography to cause patient chest wall discomfort,
we recommend the use of nonionic contrast medium for LIMA interventions,
particularly given the likelihood of repeated injections in multiple orthogonal
views. Femoral arterial access generally allows engagement of the LIMA. In the
event of difficult engagement or excessive total distance from point of access to
distal targets, an ipsilateral brachial or radial approach is recommended.

The choice of guiding catheter often is determined based on the anatomy
revealed at the time of diagnostic catheterization. An IMA or VB1 guide may offer
both better anatomic alignment as well as stable positioning. Coaxial engagement
of the LIMA ostium allows for optimal stability and support to facilitate equipment
passage. Moreover, it minimizes the risk of repeated engagements/disengagements,
and potentially reduces the risk of subclavian or ostial LIMA dissection.

CHAPTER 7G Left Internal Mammary Artery Graft Lesions

I



M CHAPTER 7G Left Internal Mammary Artery Graft Lesions

Standard guidewires are generally acceptable to use when crossing the LIMA
and distal vasculature. However, due to frequent tortuosity, we generally rec-
ommend a hydrophilic, flexible guidewire, understanding that stability and sup-
port may be suboptimal with their usage. Pseudolesions or wire bias may be
encountered, which are a function of vessel tortuosity and wire stiffness. We
advocate the use of a compliant angioplasty balloon, both to allow greater
flexibility and to facilitate removal following inflation within a potentially tor-
tuous and dissection-prone vessel segment. Although there is no established
benefit to drug-eluting stents (DESs) over bare metal stents (BMSs), the use of
DESs may be appropriate in certain clinical situations, such as in diabetics, long
lesions, and those at highest risk of restenosis."

Adjunctive pharmacotherapy involving LIMA graft interventions should be
dictated by the clinical indication. Ideally, up-front dual antiplatelet therapy with
aspirin and clopidogrel is recommended for all interventions, both for percu-
taneous transluminal coronary angioplasty (PTCA) and for percutaneous cor-
onary intervention (PCI), and it should be continued based on the nature of
the stent deployed. Systemic anticoagulation should be administered once the
decision to proceed with intervention has been made and before guidewire
passage. Although the benefit of glycoprotein llb/llla inhibitors (GPlIs) in saphe-
nous vein graft interventions has not been demonstrated,' their use in LIMA
graft interventions has neither been validated nor refuted in terms of benefit.
We advocate provisional GPI usage rather than routine upstream usage, includ-
ing in non-ST segment elevation acute coronary syndromes.

Conclusion

Left IMA graft lesions present a particularly challenging technical subset of
those undergoing PCI. Regardless of lesion location, engagement and navigation
of the LIMA commands awareness of both LIMA and native vessel anatomy
to allow for optimal access, equipment selection, and limitation of iatrogenic
trauma during the procedure.

Practical Pearls

o Consider native vessel approach if possible to traverse distal target.

o Consider ipsilateral arm access in presence of difficult engagement or inad-
equate length.

o A 90-cm sheath offers enhanced support and facilitates equipment passage.

o Flexible, hydrophilic guidewires allow easier navigation through tortuous
vessels.

e Compliant balloons allow greater flexibility and ease of passage and
removal.

e Consider the use of DESs in those at highest risk of restenosis.



References

1.

Loop FD, Lytle BW, Cosgrove DM et al. Influence of the internal mammary artery
graft on 10-year survival and other cardiac events. N Engl | Med. 1986;314:1-6.

. Goldman S, Zadina K, Moritz T, et al. Long-term patency of saphenous vein and

left internal mammary artery grafts after coronary artery bypass surgery: results
from a Department of Veterans Affairs Cooperative Study. | Am Coll Cardiol.
2004;44(11):2149-2156.

. Khot UN, Friedman DT, Pettersson G, et al. Radial artery bypass grafts have an

increased occurrence of angiographically severe stenosis and occlusion com-
pared with left internal mammary arteries and saphenous vein grafts. Circulation.
2004;109(17):2086-2091.

. Shelton ME, Forman MB, Virmani R, et al. A comparison of morphologic and

angiographic findings in long-term internal mammary artery and saphenous vein
bypass grafts. | Am Coll Cardiol. 1988;11(2):297-307.

. Dimas AP, Arora RR, Whitlow PL, et al. Percutaneous transluminal angioplasty

involving internal mammary artery grafts. Am Heart J. 1991;122(2):423-429.

. Shimshak TM, Rutherford BD, McConahay DR, et al. PTCA of internal mam-

mary artery (IMA) grafts: Procedural results and late follow-up. Circulation.
1991;84(Suppl I1):11-590.

. Sketch MH Jr., Quigley PJ, Perez JA, et al. Angiographic follow-up after internal

mammary artery graft angioplasty. Am | Cardiol. 1992;70(3):401-403.

. Hearne SE, Wilson |S, Harrington ] et al. Angiographic and clinical follow-up

after internal mammary artery graft angioplasty: a 9-year experience. | Am Coll
Cardiol. 1995;25(Suppl A):139A.

. Najm HK, Leddy D, Hendry P, et al. Postoperative symptomatic internal tho-

racic artery stenosis and successful treatment with PTCA. Ann Thorac Surg.
1995;59(2):323-326.

. Ishizaka N, Ishizaka Y, Ikari Y, et al. Initial and subsequent angiographic outcome

of percutaneous transluminal angioplasty performed on internal mammary
artery grafts. Br Heart J. 1995;74(6):615-619.

. Mann T, Cubeddu G, Schneider J, et al. Left internal mammary artery inter-

vention: the left radial approach with a new guide catheter. | Invasive Cardiol.
2000;12(6):298-302.

. Gruberg L, Dangas G, Mehran R, et al. Percutaneous revascularization of the

internal mammary artery graft: short- and long-term outcomes. | Am Coll Cardiol.
200015;35(4):944-948.

. Sharma A, McGlynn S, Pinnnow E, et al. Internal mammary artery intervention: to

stent or not to stent? A study of 280 patients. Circulation. 2001;104(Suppl II):1I-705.

. Roffi M, Mukherjee D, Chew DP, et al. Procedural success and outcomes of

percutaneous coronary interventions on arterial bypass grafts. Circulation.
2001;104(Suppl l1):1I-776.

. Buch AN, Xue Z, Gevorkian NN, et al. Comparison of outcomes between bare

metal stents and drug-eluting stents for percutaneous revascularization of inter-
nal mammary grafts. Am | Cardiol. 2006;98(6):722-724. Epub 2006 Jul 21.

. Roffi M, Mukherjee D, Chew DP, et al. Lack of benefit from intravenous platelet

glycoprotein llIb/llla receptor inhibition as adjunctive treatment for percutane-
ous interventions of aortocoronary bypass grafts: a pooled analysis of five ran-
domized clinical trials. Circulation. 2002;106(24):3063-3037.

H CHAPTER 7G Left Internal Mammary Artery Graft Lesions



This page intentionally left blank



Chapter 7h

Left Main Coronary
Interventions

Hussam Hamdalla

Despite the constant and steady improvement in procedural safety and long-term
lesion outcomes for percutaneous coronary intervention (PCl), the unprotected
left main (LM) has remained mostly the province of cardiac surgery. The survival
advantage of coronary artery bypass graft (CABG) surgery compared to medical
management has made it the standard of care since the 1970s. Technical advances
in PCl and stent technology have emboldened the interventional cardiology com-
munity to test the feasibility of and document the procedural results for stenting
the left main coronary artery. Initial short- and mid-term results with percutane-
ous revascularization were disappointing'; however, this outcome was revamped
with the introduction of newer stents. Drug-eluting stents (DESs) represented
a large leap forward in the PCl arena. However, despite the progress we have
made in tackling this lesion, we still lack long-term data. Furthermore, the left
main poses a technical challenge to the interventional cardiologist because of its
anatomical complexity compared to the other coronary arteries.

Patient Management

Since surgical revascularization remains the standard of care for LM disease, the
majority of patients referred for PCl are high-risk patients rejected for surgery
for an array of different reasons. They are more likely to have comorbidities,
including poor left ventricular (LV) function, congestive heart failure, renal fail-
ure, and peripheral vascular disease, that make them similarly high risk from a
percutaneous standpoint. The complexity of LM PCl is dictated by the anatomy
of the lesion. Stenosis could be limited to the ostium of the coronary artery, the
body of the LM, or the length of the LM, and could involve the bifurcation with
or without extension into the left anterior descending (LAD) or left circumflex
coronary (LCX) arteries. Ostial or body obstructions in a long LM vessel are
more desirable for PCl and stenting than bifurcation or trifurcation lesions.
Adequate planning and preparation is very important when tackling the LM
anatomy. An appropriate strategy from the outset saves time and minimizes
complications. Thrombotic complications during LM PCl are catastrophic,
and thus pharmacotherapy in these cases should be thought through. Recent
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advances in pharmacotherapy have provided us with different regimens that
achieve low thrombotic complications. Pretreatment with clopidogrel or pra-
sugrel would be advisable, with sufficient time to achieve maximum platelet
inhibition. Selected high-risk patients (Table 7h.1) may not tolerate ischemia as
well and may benefit from prophylactic insertion of intra-aortic balloon pump
(IABP), TandemHeart (CardiacAssist, Pittsburgh, PA), or an Impella device
(Abiomed, Danvers, MA). If inserting one is not desirable, then at least securing
access in the contralateral femoral artery before starting, in case one is needed,
is recommended.

The choice of guide catheter is another critical step in planning the pro-
cedure and is dictated by the anatomy of the lesion. Coaxial alignment is an
absolute requirement to allow ideal visualization, avoid complications, and
minimize ischemia. Depending on the lesion location a 6 Fr guide would be
reasonable choice for an ostial and midshaft lesion or a distal lesion with a
small insignificant circumflex, unless rotablation is planned. However, if the
lesion is at the bifurcation then an 8 Fr guide is needed to allow for kissing
balloons at the end of the procedure. A left Judkins (JL) or similar guide would
be preferable if 8 Fr system is used and avoids the need for an extra backup
support or Amplatz guide, with deep engagement for an ostial and midshaft
lesion. This allows guide adjustment for optimal stent positioning across the
ostium before deployment.

If the lesion is ostial or mid shaft, then a single wire inserted into the LAD
is adequate; however, if there is concern that plaque shift may occur in either
branch, then double wire the LAD and CCA. The daily workhorse wire of
choice is recommended in the majority of cases. If a hydrophilic-coated wire
is used to cross the lesion, then it would be advisable to exchange it for a
moderate support wire. Aggressive lesion preparation is the next step after
securing the wires, and primary stenting must be avoided. Always predilate with
an adequately sized balloon (avoid undersizing) to ensure satisfactory stent
expansion. Although noncompliant balloons allow high-pressure inflations and
better lesion preparation, they occasionally present difficulties when crossing
the lesion. Balloon inflations should be brief and quick to shorten global ische-
mic time; inflation, however, should be repeated until a satisfactory result is

Table 7h.1 Indications for hemodynamic support for left main

percutaneous coronary intervention

Consider hemodynamic support if:

1. Poor LV function

2. Systolic BP <100 mm Hg

3. RCA occlusion

4. Bifurcation location with calcifications

5. Concomitant complex distal disease

6. Ifin doubt

LV, left ventricular; BP, blood pressure; RCA, right coronary artery.




obtained. When faced with a calcified lesion, even if less than severe, consider
rotational atherectomy (RA) as first step prior to balloon dilations, especially
with ostial lesions.

The stenting technique depends on the location and branch involvement.
Ostial lesions are occasionally rigid, with high recoil force. Thus, when stenting
these lesions, the stent is positioned extending 1-2 mm into the aorta to pro-
vide adequate radial support (Fig. 7h.1). To succeed in this task, always check in
multiple views, such as the right anterior oblique (RAO) cranial and left anterior
oblique (LAO) caudal. Routinely perform a high-pressure postdilatation using
a noncompliant balloon to flare the stent into the aorta. If the lesion extends
distally into the bifurcation, then it becomes more complex and challenging.
(The different classifications of bifurcation lesions and stenting techniques are
discussed in detail in Chapter 7f.) Major side-branch occlusion during LM bifurca-
tion PCl might cause disastrous clinical events; thus, it is vital to keep all branches
open (Fig. 7h.2). It is important to wire the LM into the LAD as a first step to
secure the vessel since it supplies approximately half of the myocardium. The
need to wire and protect the circumflex artery is dictated by its size and the
territory it supplies (Fig. 7h.3). Even if the intention is not to stent into the cir-
cumflex, it is better to protect it with a wire. As a rule of thumb, a single stent is
always the better approach, producing a better long-term outcome when com-
pared to double-stenting of the bifurcation.? If the circumflex ostium is free of
disease, then provisional stenting is a reasonable approach; otherwise, choose
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Figure 7h.1 Ostial stenosis. (A) Ostial left main stenosis. (B) A short stent is advanced
across the ostium in an right anterior oblique (RAO) caudal view. (C) Postdilation is
performed with a short balloon with high-pressure inflations. (D) Final angiographic
result reveals adequate stent dilation.
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Figure 7h.2 Severe stenosis. (A) Severe stenosis involving the left main bifurcation.

(B) Wiring of both the left anterior descending (LAD) and circumflex arteries was done.
(C) Predilation of the LAD was performed. (D) Predilation of the circumflex ostium. (E)
Stent deployed across the left main bifurcation into the LAD with a single-stent approach
after pulling out the circumflex wire. (F) Rewiring of the circumflex artery and dilation of
the side branch was performed, followed by kissing balloon angioplasty. (G) Final result
reveals adequate stent dilation with <50% residual stenosis across the circumflex ostium.



Circumflex ostium
Small < 2.5 mm or Diseased and supplying
minimally diseased large territory
Protection wire Diffuse atheroma, calcium
balloon
No Yes
Protection wire + Double stent
Provisional stent technique
Angle > 60° Angle < 60°
T stenting Cullote or Crush
technique stenting

Figure 7h.3 Stepwise approach for the management of left main bifurcation stenosis
determined by the circumflex artery disease and involvement.

a bifurcation stenting strategy according to the angle of the bifurcation. Always
finish with simultaneous kissing balloons after any bifurcation stenting technique,
as this is associated with lower restenosis and stent thrombosis rates. In choos-
ing to use a bare metal stent (BMS) versus a DES, the LM is no different from
the rest of the coronary tree. The long-term outcome is in favor of DES, with
restenosis rates approaching the lower single digits for ostial stenting.? The bifur-
cation anatomy similarly carries a lower rate of restenosis, albeit higher rate of
stent thrombosis*; however, this depends on the specific technique.
Intravascular ultrasound (IVUS) provides unique quantitative and qualita-
tive information that is very helpful in LM PCI. Preintervention IVUS assesses
lesion morphology and may guide treatment strategy, especially in deciding the
use of RA. IVUS allows precise sizing of the LM, as compared to angiography,
thus better balloon and stent size choice. Postintervention IVUS will more fre-
quently reveal the need for additional balloon dilation and may help in optimally
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Table 7h.2 SYNTAX score and left main percutaneous

coronary intervention outcomes

SYNTAX Score < 34 SYNTAX Score >34
PCI CABG P Value PCI CABG P Value
(n=1257) (n=273) (n=85) (n=204)
Mortality — 8.1% 6.2% NS 37.2% 8.5% <0.001

The Synergy Between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery
(SYNTAX) Score is a unique tool to score complexity of coronary artery disease. The score is
calculated by a computer program consisting of sequential and interactive self-guided questions.
The algorithm consists of 12 main questions. They can be divided in two groups: The first three
determine the dominance, the total number of lesions, and the vessel segments involved per
lesion, and they appear once. The maximum number of lesions allowed is 12, and each lesion

is characterized by a number, 1-12. Each lesion can involve one or more segments. In this case,
each vessel segment involved contributes to the lesion scoring. There is no limit to the number of
segments involved per lesion. The last nine questions refer to adverse lesion characteristics and are
repeated for each lesion.

expanding the stent. IVUS-guided LM stenting, especially with the use of a DES,
may reduce mortality as compared to conventional angiography-guided PCI.®

Surveillance angiography is advocated following LM PCI to assess stent
patency. This is driven by the fact that some of these patients’ restenosis will
manifest as sudden cardiac death. There is no consensus on when such angiog-
raphy should be done, but most authorities support follow-up at 3-9 months,
depending on whether a BMS or DES was used. With the widespread use of
DESs in LM PCI, the circumflex ostium has been the most common site for
restenosis, but the interventionist must be aware of pseudostenosis. It is always
better to assess these lesions with fractional flow reserve (FFR) or IVUS prior
to any further intervention. If there is restenosis involving one ostium, it can be
managed with balloon angioplasty alone and follow-up.

Conclusion

Left main PCl is a high-risk interventional procedure that should be attempted
by experienced interventional cardiologists only. While the data support a low
rate of acute complications and better long-term outcomes, the stakes are high
and complications are catastrophic. The Synergy Between PCl with TAXUS
and Cardiac Surgery (SYNTAX) trial recently randomized patients with three-
vessel and LM disease to either PCl or bypass surgery. Patients with LM disease
and a low SYNTAX score had a favorable outcome as compared to those with
a high score (Table 7h.2).¢ As we continue to refine the interventional equip-
ment, with dedicated bifurcation stents and newer-generation DESs achieving
low rates of restenosis and lower risk of late and very late stent thrombosis, the
LM will become more appealing for percutaneous revascularization.



Practical Pearls

e Distal LM disease is technically more challenging than ostial or shaft disease.
e Circulatory support is not routinely recommended, but it should be consid-

ered in high-risk patients.

o Assingle-stent technique is preferable, with lower restenosis rates.
o [VUS is useful in assessing vessel size and final stenting result.
e Always finish with simultaneous kissing balloons after a bifurcation stenting.
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Chapter 8

Embolic Protection Devices,
Rotational Atherectomy,
Mechanical Thrombectomy
Devices, and More

lon S. Jovin, Allyne Topaz, Pritam R. Polkampally,
and On Topaz

The armamentarium of the interventional cardiologist should include classical
tools such as balloon catheters and stents, as well as several special devices.
Such devices include embolic protection systems, rotational atherectomy (RA)
devices, and mechanical thrombectomy devices.

Embolic Protection Systems

Embolization of the microvasculature leads to the phenomenon of slow reflow
or no reflow.! Embolic protection devices (EPDs) are used to prevent the
propagation of thrombus or atheromatous material downstream from percu-
taneous coronary intervention (PCI) sites. Embolic protection devices are cur-
rently used in the treatment of saphenous vein graft lesions.

The EPDs can be classified into three broad categories: filter-based, and
proximal and distal flow-occlusion devices. The proximal and distal occlusion
devices occlude the flow and usually involve some type of aspiration. Examples
of the filter-based devices include the FilterWire-EZ (Boston Scientific, Natick,
MA\) (Fig. 8.1a—c), the SpideRX protection device (eV3), and the Rubicon system
(Rubicon Medical, Salt Lake City, UT). The Proxis embolic protection system
(St. Jude Medical, St. Paul, MN) is a proximal occlusion device. Distal occlusion
devices include the PercuSurge GuardWire (Medtronic Vascular, Danvers, MA)
and the TriActive system (Kensey Nash, Exton, PA). These systems retrieve
smaller particles but share some limitations with the distal filter devices. The
characteristics of EPDs are presented in Table 8.1.

Patient Preparation

The use of EPDs does not require any special patient preparation, other than
the standard anticoagulation therapy for percutaneous intervention. Most of
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Figure 8.1 Use of EZ FilterWire distal protection device in a patient with significant
chest pain and inferior ischemia on stress echo. (A) Ostial lesion in a saphenous vein
graft to the right posterior descending artery. (B) EZ FilterWire in mid section of the
target vessel. (C) Final results demonstrating no residual stenosis after stent placement.
The patient remained asymptomatic, and a repeat myocardial perfusion stress test 9
months post intervention showed no evidence of ischemia.

these devices are userfriendly, as they were initially designed for urgent situa-
tions such as primary angioplasty for acute myocardial infarction (Ml).

Technique

Most EPDs (except for the Proxis; see below) are inserted over the guidewire.
The FilterWire is a prototypical example of a commonly used EPD. Listed

here are step-by-step instructions for its use.

1. Under fluoroscopic imaging, steer the FilterWire System into the target vessel.
Using a two-handed technique, torque the protection wire with one hand and
advance the EZ Delivery Sheath with the other hand.

2. Advance the FilterWire System across the lesion until the apex of the filter
loop can be deployed in the recommended minimum landing zone (>2.5
cm for FilterWire EZ System 2.25-3.5 mm; and >3.0 cm for FilterWire EZ
System 3.5-5.5 mm).



Table 8.1 General features and examples of embolic

protection devices

Filter-based Devices

Proximal Occlusion
Devices

Distal Occlusion Devices

Pros: Antegrade flow
preserved

Optimal visualization

Cons: Lesion crossing
not protected

Pros: Lesion crossing
protected

Cons: Flow obstruction
may cause ischemia

Pros: Protection independent of
particle size

Cons: Lesion crossing not
protected

Flow obstruction may cause
ischemia

FilterWire EZ
6 Fr guide compatible
3.2 Fr crossing profile
Own guidewire

Basket diameter
3.5-5 mm

110 ym pores

Proxis

7 Fr guide compatible
Balloon occlusion of
proximal vessel
Aspiration of
thromboembolic
material

GuardWire
7 Fr guide compatible
Balloon occlusion of distal vessel

Aspiration of thromboembolic
material through separate
catheter

SpideRX

6 Fr guide compatible
Own guidewire
Basket size 3-7 mm
110 ym pores

TriActive sytem
7 Fr guide compatible
Balloon occlusion of distal vessel

Aspiration of thromboembolic
material through guide catheter

Rubicon

6 Fr guide compatible
2 Fr crossing profile
Own guidewire

100 pm pores

. Once the protection wire is advanced past the lesion, slide the wire torquer
along the protection wire and secure it against the hemostasis valve.

4. Deploy the filter by holding the protection wire in place with the wire
torquer pressed against the hemostasis valve while simultaneously retracting
the EZ Delivery Sheath.

. Inject contrast media to verify that the filter is in the proper position and
that there is adequate flow.

6. After completion of the procedure, and while maintaining wire position dis-
tal to the lesion, advance the EZ Retrieval Sheath over the wire past any
deployed stent(s) until the tip of the EZ Retrieval Sheath reaches the pro-
tection wire’s catheter stop.

7. Gently and slowly retract the protection wire and filter loop back into the
EZ Retrieval Sheath until resistance is felt.

8. Remove the FilterWire EZ System from the patient, ensuring that the hemo-

stasis valve is fully opened prior to FilterWire EZ System removal.
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Proxis Device
The Proxis device requires a slightly different approach:

1. The recommended technique? is to insert the Proxis catheter into the guide
catheter.

2. A guidewire of choice is inserted into the catheter’s hemostatic valve,
advanced through the Proxis catheter, and positioned just proximal to the
target lesion.

3. The operator then preloads the desired interventional device on the guide-
wire and advances through the Proxis catheter toward the distal end of the
protection catheter.

4. Next, the sealing balloon should be inflated. The lesion is crossed with the
guidewire. While maintaining suspended antegrade blood flow, the inter-
ventional device is advanced onto the lesion, activated, then removed from
the vessel.

5. The suspended fluid and debris from the vessel are gently aspirated with
the aspiration syringe. Then the deflate button is pressed, and the one-way
stopcock is opened to the inflation device in order to deflate the Proxis
sealing balloon. Aspiration is continued until a total of 20 cc of fluid has been
removed.

6. The target vessel is reassessed angiographically. Upon completion of the
intervention, the Proxis catheter and the guide catheter are removed as a
single unit.

Results

Selected trials comparing the use of EPDs to standard angioplasty (without
protection device) are summarized in Table 8.2.The EPDs are useful adjuncts,
especially in percutaneous interventions in saphenous vein graft lesions,? and
have been shown to be efficacious in reducing the rate of periprocedural infarc-
tion.* The EPDs do not seem to improve outcomes when used in the setting
of acute ST elevation M, but have a Class | indication for saphenous vein graft
interventions. There does not appear to be a significant difference between the
FilterWire device and the AngioGuard device® in terms of death, MI, or target
vessel revascularization at 30 days.

In peripheral endovascular interventions, EPDs such as the AngioGuard,
FilterWire, Accunet, and SpideRX are also utilized successfully, although their
main utilization is in carotid interventions. The application of these devices in
renal and lower extremity interventions is limited.’

Rotational Atherectomy Devices

Rotational atherectomy (Rotablator, Boston Scientific, Natick, MA) was intro-
duced in the mid 1980s, initially as a peripheral plaque debulking technology,>®
followed by coronary applications. Rotational atherectomy is based upon
the principle of “differential cutting” (Fig. 8.2).¢ The aim of the device is to



Table 8.2 Trials comparing embolic protection devices with

percutaneous coronary intervention without protection

Trial Device Patients Setting Main Outcome
(n) Endpoint
SAFER (Baim  GuardWire 801 Saphenous 30-day GuardWire
DS etal. vein graft MACE improved
Circulation. intervention outcomes
2002;105:1285)
EMERALD GuardWire 501 Primary ST No
(Stone GW percutaneous  segment difference
et al. JAMA. coronary resolution
2005;293:1063) intervention  and infarct
size

PROMISE Filterwire EZ 200 Primary Flow No
(Gick et al. percutaneous  velocity difference
Circulation. coronary in infarct
2005;112:1062) intervention  related

in STEMland  artery

NSTEMI

MACE, major adverse cardiac events; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST
elevation myocardial infarction.

Figure 8.2 Principles of rotational atherectomy (“differential cutting”). The rota-
blator burr advances forward (white arrow) along the atherosclerotic vessel, rotating

at 160,000 rpm (gray arrow). Note that the leading half, which is coated with diamond
chips, interacts (black arrows) with the hardened, calcified plaque (top) and not with the
normal, elastic vessel wall (bottom).

exclusively remove hard, calcified lesions by the action of a diamond-coated
burr rotating at high speed. The normal elastic tissue is not affected by the rotat-
ing burr. This technology was expected to improve plaque removal and thereby
reduce restenosis rate when compared to balloon angioplasty.” Currently, RA is
used mainly in calcified lesions for facilitation of stent deployment.? Rotational
atherectomy should be avoided in tortuous vessels, as excessive vessel tortuos-
ity and angulation is significantly associated with perforation, as demonstrated
in large case series and randomized trials.
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Patient Preparation

Standard anticoagulation should be employed. When atherectomy of a proxi-
mal lesion in a dominant right coronary artery is planned, prophylactic place-
ment of a temporary pacemaker wire in the right ventricle is recommended
because of the concern for high-degree arteriovenous (AV) block. Some inter-
ventionalists advocate the use of intravenous aminophylline (500 mg in a short
infusion at the beginning of the procedure) to prevent AV block and to avoid
the need for a temporary pacemaker.

Technique

1. The 325-cm, 0.009-inch rotablation wires vary in degree of stiffness, ranging
from floppy to extra support. The tip is composed of a 0.014-inch radiopaque
coil. The rotablator is backloaded on the guidewire. Available burr sizes (in
mm) are: 1.25, 1.5, 1.75, 2.0, 2.15, 2.25, and 2.50. The smallest two sizes can be
accommodated by a large-lumen 6 Fr guide catheter; higher sized catheters
are needed for the larger burrs. As a rule, the burr-to-artery diameter ratio
should be 0.7 or smaller. The burr rotates at 140,000-160,000 rpm, and the
drive shaft is encased by a Teflon sheath through which a heparinized flush
solution containing a proprietary lubricant emulsion (Rotaglide) is pumped.

2. The rotablation is performed while advancing the burr across the calcified
lesion. Most operators recommend ablation using a “pecking” motion, in
which brief periods of debulking alternate with burr retraction. Forceful
advancement of the burr should be avoided as it causes decelerations
(>5,000 rpm); such decelerations are associated with excessive heat

Table 8.3 Selected trials evaluating the use of rotational
atherectomy

Trial Comparison Patients Setting  Main Outcome
with (n) Endpoint

COBRA Balloon 502 Complex  6-month No

(Dill Tetal.  angioplasty lesions restenosis difference

Eur Heart |. and MACE

2000;21:1727)

DART Balloon 446 Vessels <3 12-month No

(Mauri L etal. angioplasty mm target vessel  difference

Am Heart J. failure

2003;145;847)

ARTIST (vom  Balloon 298 In-stent 6-month Angioplasty

Dahl ] et al. angioplasty restenosis  restenosis better

Circulation. and MACE

2002:105:

583)

ROSTER Balloon 200 In-stent 9-month Rotablation

(Sharma Set  angioplasty restenosis  target lesion  better

al. Am Heart J. revasculari-

2004;147:16) zation

MACE, major adverse cardiac events.




generation and resultant vascular trauma. If the burr detaches, it can be
retrieved by removal of the guidewire.

3. Final removal of the burr upon completion of the rotablation is set with the
console on “Dynaglide” mode.

Several trials comparing RA with other techniques are presented in Table 8.3.

Results

Rotablation is a useful tool for calcified lesions that cannot be dilated by
standard balloon angioplasty. As a stand-alone technique, rotablation is not
superior to bare metal stenting. Trials comparing rotablation with drug-
eluting stenting are not available. This atherectomy technique is also used
successfully in peripheral vascular interventions, when the primary goal is
debulking.® Several other types of atherectomy devices are also used in
peripheral interventions. These devices include directional atherectomy
(SilverHawk, eV3, Plymouth, MN), orbital atherectomy (CSI DiamondBack
360), and RA devices (Pathway JetStream; Pathway Medical Technologies,
Inc., Redmond, WA).

Thrombectomy Devices

Thrombectomy devices are used in the treatment of thrombus-containing
lesions. Their target is to eliminate distal embolization and the occurrence of
no-reflow.” This section delineates mechanical aspiration catheters, the rhe-
olytic atherectomy (Angiolet) catheter, and the excimer laser.

Aspiration Thrombectomy Catheters

Aspiration catheters consist of mechanical and suction devices. Manual aspira-
tion systems include the Diver CE (Invatec, Roncadelle, Italy), Export (Medtronic,
Minneapolis, MN), QuickCat (Kensey Nash, Exton, PA), and Pronto (Vascular
Solutions, Minneapolis, MN) catheters.

Manual aspiration catheters are valuable because they are quickand easy to
use, as well as relatively inexpensive. Recent meta-analyses indicate that aspira-
tion thrombectomy is associated with improved survival, as well as decreased
angiographic evidence of distal embolization ST elevation MI (STEMI)."*

Technique for Aspiration Thrombectomy

1. Advance a standard coronary wire distal to the culprit lesion.

2. Advance the aspiration thrombectomy catheter over the coronary wire to
the culprit lesion.

3. Activate aspiration by opening suction syringe to patient.

4. While suction is occurring, make several gentle passes along the culprit
lesion.

5. Remove the device when the suction syringe is full of blood.
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Angiojet

Specific thrombectomy devices include the Angiojet rheolytic thrombectomy
system (Possis Medical Inc., Minneapolis, MN), which uses the Bernoulli effect,
created by a saline jet, to remove debris. The phenomenon involves thrombus
aspiration and microscopic fragmentation.

Patient preparation incorporates a standard anticoagulation regimen.

After priming of the console, the catheter is connected to the attached
tubing; 4 and 5 Fr AngioJet catheters are available in both over-the-wire and
rapid-exchange formats. The largest catheters (XVG and AVX) are used for
large saphenous vein grafts or for peripheral thrombotic vessels. The Angiolet
catheter is activated in a slow advancement mode along the entire length of the
target thrombus in an antegrade and retrograde fashion. It can be combined
with direct pharmacolytic therapy in activation mode using the “pulsed spray
technique.”™

The Angiolet is most successful in removing fresh thrombus, but it can also
be useful in organized thrombus. In the presence of a large thrombus burden
or resistant clot, the administration of lytics selectively into the target vessel in
conjunction with the Angiolet has been studied.’'” Clinical studies have shown
that the Angiolet does not cause significant vessel damage. Several trials, such
as VEGAS 1, VEGAS 2, and AIMI,"8" have studied the usefulness of the Angiolet
catheter in the treatment of thrombus-laden lesions and in the setting of pri-
mary angioplasty.

Results

Aspiration thrombectomy catheters are simple and useful devices for primary
PCl, and they are associated with improved survival. The Angiojet is an effec-
tive tool for treatment of thrombus-laden lesions in native coronary arteries
and saphenous vein grafts in the context of acute MI, and acute coronary and
ischemic peripheral syndromes. Recently, it has been introduced for treatment
of pulmonary embolism.?’ The current evidence does not support the routine
use of the AngioJet system in primary PCl. The ongoing JETSTENT (AngiolET
thrombectomy and STENTing for treatment of acute MI) trial will provide
much needed information on the role of rheolytic thrombectomy asan adjunct
to primary PCI.

Excimer Laser

The ultraviolet 308 nm excimer laser (CVX-300, Spectranetics, Colorado
Springs, CO) has the unique abilities of concomitant plaque and thrombus
vaporization. It safely ablates underlying atherosclerotic plaque and facilitates
subsequent stent placement. This device promotes rapid thrombus clearance
and suppresses platelet aggregation.?’ The excimer laser is currently used for
treatment of thrombus-laden lesions in saphenous vein grafts (Fig. 8.3a—d)
and native coronary arteries in acute Ml and unstable angina.? It is a useful
tool for the debulking of in-stent restenosis, ostial lesions, and chronic total
occlusions.?



Figure 8.3 A patient with unstable angina and impaired hemodynamics. The
target lesion is the saphenous vein graft to the distal obtuse marginal (OM) artery.

(A) Preintervention view demonstrating 99% eccentric thrombotic lesion in the mid
saphenous vein graft. The graft is occluded distally by a large thrombus. (B) A 1.7 mm
concentric excimer laser catheter at the target lesion. (C) Post laser debulking of the
underlying plaque and associated thrombus. (D) Final angiogram following adjunct
stenting demonstrating patency of the target lesion and the distal segment of the graft.
The patient improved clinically.

Patient Preparation

Routine patient preparation and anticoagulation for percutaneous intervention

are required.

Technique

1. The latest laser catheters have improved fiber array with concentric or
eccentric tip configuration. The rapid-exchange concentric coronary cath-
eters are available in 0.9 mm, 1.4 mm, 1.7 mm, and 2.0 mm sizes. Eccentric
catheters are available in 1.7 mm and 2.0 mm sizes. The eccentric catheters
are reserved for circumferential debulking in in-stent stenosis lesions for

markedly eccentric lesions.
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2. Proper lasing technique is crucial to the success of laser angioplasty.?
Because iodinated contrast has a significant potentiating effect on peak pres-
sure waves, removal of contrast before lasing is mandatory to avoid vessel
trauma. This is done by injecting saline into the guide catheter.

3. Slow advancement (0.5 mm/sec) of the laser catheter during activation is
recommended. The computer lasing program within the laser console limits
each lasing train to 5 seconds, except for 10 seconds with the X-80 0.9-mm
catheter.

4. The patient and the catheterization laboratory staff should wear special pro-
tective goggles.

Results

Laser angioplasty has been studied in acute coronary and peripheral ischemic
syndromes for thrombus-laden lesions, in-stent restenosis, and chronic total
occlusions.

Conclusion

Embolic protection, RA, and aspiration thrombectomy tools are used in acute
coronary and peripheral ischemic syndromes. This includes interventions in
native coronary vessels; saphenous vein grafts; calcified, nondilatable lesions;
and chronic total occlusions. In the era of drug-eluting stents, these devices are
frequently used as part of a prestenting strategy.

Practical Pearls

e The catheterization laboratory staff should be familiar with preparation of
the relevant niche devices. Frequent in-service training is recommended.
When performing interventions on saphenous veins, use filter-based
protection devices to reduce the potential for distal embolization or no-
reflow phenomenon.

Ensure adequate guiding catheter and guidewire support. This is impor-
tant when using a 6 Fr EBU, XB, or Amplatz left guiding catheter configu-
ration. An Amplatz left guide catheter is useful for technically demanding
left coronary interventions. For intervention in an anatomically challeng-
ing right coronary artery, both Amplatz right or Amplatz left shapes can
provide adequate support.

In challenging lesions, first cross the target with a soft-tip, flexible guide-
wire. Then exchange it for a stiff, supportive guidewire. This will signifi-
cantly enhance subsequent device delivery and improve its utilization.
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Chapter 9

Complications of
Percutaneous Coronary
Intervention: Stent Loss
and Retrieval, Perforation,
Access Site Hematoma,
Arteriovenous Fistula,
Radial Artery Access

Sharat Koul

This chapter reviews a set of complications related to percutaneous coronary
intervention (PCl) and provides practical insights on how to troubleshoot and
manage them.

Stent Loss

Stents are used in the majority of PCl because they improve angiographic out-
comes and reduce the need for repeat revascularization.! With prepackaged
balloon-mounted stents, stent loss is rare, but it can be a serious complication,
resulting in either coronary and/or systemic embolization.

In a retrospective series of over 11,000 interventions, stent loss occurred in
0.32% of the procedures. Predictors for stent loss were lesion calcification and
significant proximal angulation.? Stent loss led to an increased need for emer-
gency coronary artery bypass graft surgery (5% vs 0.4%; p <0.001) and higher
incidence of bleeding requiring transfusion (24% vs 7%; p <0.001).2

Management
There are a few described techniques to recover stents. The first consideration
when deciding on the appropriate method is whether the stent is still on the
percutaneous transluminal coronary angioplasty (PTCA) wire.

The most common situation seen with stent loss occurs when the stent
gets stripped but remains on the PTCA wire. In this event, the following
two approaches should be considered. The easiest one is the small-balloon
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technique (Fig. 9.1).> The other technique is called the two-wire technique
(Fig. 9.2).

If the stent is not on the wire, a loop snare can be used to retrieve the stent
(Fig. 9.3).° Loop snares are available commercially (Amplatz Goose Neck Snare;

Figure 9.1 Small balloon technique. A small percutaneous transluminal coronary
angioplasty (PTCA) balloon is advanced over the wire (A) and through the stent. The
balloon is inflated distal to the stent (B) and withdrawn along with the stent into the
guide catheter.

Figure 9.2 Two-wire technique. A second percutaneous transluminal coronary
angioplasty (PTCA) wire is advanced distal to the stent, and both guidewires are twisted
several times to cause entanglement of the distal tips, then both wires are removed
along with the lost stent.



Figure 9.3 Snare retrieval. Recovering the stent requires advancing a loop over the
stent then retracting the wire to trap the stent between the wire and guide catheter.
Complete recovery with externalization of the stent is accomplished by applying con-
tinuous traction to the wire to prevent loss of the stent while removing the guide.

eV3, Plymouth, MN), or one can be prepared using a guide catheter and a long
PTCA guidewire.

Special Issues

If the stent is lost in the peripheral vasculature, the aforementioned techniques
can be used for recovery, but a few other tools are also available that can be
useful. A lost stent can be retrieved using biliary forceps, the Cook retained-
fragment retriever (Cook, Bloomington, IN), or a basket retrieval device.®’
These devices are larger in size and can only be used in larger vessels.

If the stent is not retrieved, the “crush” technique can be employed (see
Fig. 9.4 and Table 9.1).

Practical Pearls

o Minimize stent loss with lesion preparation (PTCA/rotational atherectomy)
before stenting.

o Avoid direct stenting in high-risk lesions (calcification, angulation).

e Ensure adequate anticoagulation during stent retrieval due to risk of throm-
botic complications associated with longer procedural time and/or simulta-
neous use of more interventional equipment.

Arterial Perforation

Coronary perforation is a rare but dreaded complication of PCI. In a series of
over 12,000 PCl procedures, perforation was observed in only 0.5% of cases.
This complication was seen more often with devices intended to remove or
ablate tissue (atherectomy, laser) and was more prevalent in the elderly and
female populations. Oversizing of PTCA balloons has been shown to be associ-
ated with a greater risk of perforation.®
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| Is the stent in a coronary vessel? |

1
No Yes

| Is stent still on PTCA wire? | | Is stent still on PTCA wire? |

I 1 T |
No Yes Yes No

* Snare retrieval o Small balloon technique o Snare retrieval

« Biliary forceps/ « Two wire technique
Fragment retriever

»{ Unsuccessful |«

| Consider crushing lost stent |

If crush is not approprate, consider surgical intervention

Figure 9.4 Algorithm for management of stent loss.

Table 9.1 Crush technique

* Deployment of an overlying stent, thereby “crushing” the lost stent

« Certain locations such as left main/left anterior descending artery may pose
unacceptable risk.

* Increases risk of restenosis, which may be mitigated with use of drug-eluting stent
* Technique can be used in peripheral vascular system as well.

Ellis described the classification system for coronary perforations shown in
Figure 9.5.8 It is critical to understand these descriptions, because they assist in
determining the optimal management.

Management

The algorithm for management of perforation is summarized in Figure 9.6.

For type 2 or 3 perforations, the use of polytetrafluoroethylene (PTFE)-
covered stents is indicated, and the method of their delivery is described here
(Fig. 9.7).

Special Issues

The bulk of significant perforations are produced by tears in the arterial wall.
Perforations due to hydrophilic PTCA wires tend to be benign since the defects
produced are very small, pinpoint lesions. Although this type of perforation can
be treated with techniques already described, other unique modalities also are
described here.

If the perforation has occurred at the distal tips of the epicardial vessels,
microcoil embolization can be performed.® With delivery of the coils to the
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Figure 9.5 Ellis classification of coronary artery perforations. Type 1 (top) perfora-
tions are described as an extraluminal crater without extravasation of dye. These lesions
are quite difficult to identify on angiography and are often mistaken for dissections.
They rarely result in tamponade or any significant ischemia. Type 2 (middle) perforations
produce myocardial or pericardial blush with frank contrast jet extravasation. These can
be treated with prolonged balloon inflation, usually producing a reasonable angiographic
result. Reversal of heparin with protamine is often not performed with this type of
perforation. There is a possibility of developing late tamponade (up to 24 hours) with
these patients, so that observation in a critical care setting may be appropriate. Type 3
(bottom) perforations produce a contrast jet with >1 mm diameter size opening and are
associated with a high incidence of major adverse events (death, emergency coronary
artery bypass graft surgery, tamponade). Prolonged balloon inflation is often not suf-
ficient, and use of polytetrafluoroethylene (PTFE) covered stents may be the only means
of avoiding emergency cardiac surgery. Cessation of all antiplatelet agents and reversal of
heparin with protamine should also be performed emergently.

distal points in the vessel, the spot of injury can be plugged effectively. Another
maneuver is to use a PTCA balloon catheter to deliver thrombin to the distal
vessel, causing closure of the distal artery and the point of bleeding."

Practical Pearls

o Keep a PTCA balloon readily available when performing higher-risk proce-
dures (atherectomy), in case of perforation.

e Current PTFE-covered stents require 7 Fr guiding catheters for deployment.

o Despite the fact that most perforations can be handled percutaneously, it is

our practice to contact surgical backup once perforation is identified, in case
of a failed attempt.
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Coronary Perforation

— T

Ellis Type | Ellis Type 11/1Il

® Echocardiogram
o Pericardiocentesis if tamponade
o Discontinue GP lIb/llla inhibitor

Deploy stent over perforation

Inability to deliver stent ® Prolonged balloon inflation over perforatior
site with PTCA/perfusion balloon
/ \  Surgical evaluation for possible CABG
Vessel larger Vessel smaller ) *
than 2 mm than 2 mm o Persistent perfo.ratlolj
— ® Repeat balloon inflation
l l Sealed Perforation  Consider heparin reversal
Consider Persistent perforation
CABG if Medical
i management
clinically Vessel larger Vessel smaller
warranted ICU monitoring with repeat than 2 mm than 2 mm

echocardiography to assess

for delayed tamponade : 4
PTFE covered stent & Microcoil/Gelfoam

embolization
* Consider CABG
o Persistent perforation
® Urgent CABG

Figure 9.6 Algorithm for management of coronary perforation. Adapted from
Rogers JH, Lasala JM. Coronary artery dissection and perforation complicating percuta-
neous coronary intervention. | Invasive Cardiol. 2004;16(9):493-499, with permission of
the publisher.

Femoral Artery Hematoma

In PCI, the most common complication is bleeding related to arterial access.
We shall discuss the specific complications of hematoma development and
arteriovenous (AV) fistula formation in this section. The incidence of bleeding
complication/hematoma formation is quite low in current practice (<1%).">"
Factors associated with bleeding are detailed in Table 9.2.

Management

The most common presentation of bleeding is an external groin hematoma.
This can be managed with simple manual compression. If compression is unsuc-
cessful, surgical cutdown under local anesthesia can be performed to acquire
hemostasis. If the puncture site is below the inguinal ligament, an endovascular
approach should be avoided because stent placement in this region is associ-
ated with multiple problems."

Bleeding can also result in a retroperitoneal hematoma. Volume resuscita-
tion is often adequate for this situation, but with refractory hypotension, an
endovascular approach, described in Table 9.3, can be selectively attempted.

When an endovascular approach is not possible, these patients may need
surgery to control the bleeding.



Figure 9.7 Steps for deployment of polytetrafluoroethylene (PTFE)-covered stent.
(A) Perforation is seen with coronary angiography. (B) A second guiding catheter is
placed in the ascending aorta. At this point, the usual situation is that the initial guide is
engaged in the coronary ostium with an interventional wire and percutaneous translu-
minal coronary angioplasty (PTCA) balloon in place, occluding the point of perforation.
With care, the first guide is slightly withdrawn to allow engagement of the coronary
artery with the second guide. Through this guide is advanced an interventional wire.
(C, D) In rapid succession, the PTCA balloon is deflated and withdrawn. The second
interventional wire is then passed by the lesion and the PTFE-covered stent is quickly
advanced and deployed.
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Table 9.2 Risk factors for femoral artery bleeding

complications

* Renal insufficiency

* Female gender

» High arterial puncture

* Use of glycoprotein IIb/llla inhibitors

Table 9.3 Endovascular approach to femoral arterial bleeding

+ Clinical suspicion for femoral artery bleeding/retroperitoneal hemorrhage

CHAPTER 9 Complications of PCl

« Access obtained in contralateral femoral artery

* Angiogram performed of iliofemoral system

« If perforation noted above inguinal ligament, a cross-over sheath is placed in the
common iliac artery

« A covered stent (iCast balloon expandable stent, Atrium Medical, Hudson, NH)
or a stent graft (Fluency, Bard Medical, Covington, GA) can be placed to obtain
permanent hemostasis.

Femoral Arteriovenous Fistula

The overall incidence of AV fistula formation (Fig. 9.8) is also quite low (<1%).
Risk factors for their development are shown in Table 9.4.

Arteriovenous fistula should be suspected in patients with a bruit present
over the femoral artery after an intervention. These can be diagnosed by per-
forming a vascular ultrasound examination.

Management

Management of this complication depends on the overall size of the fistula. If
the fistula is small and does not involve the common femoral artery, an endo-
vascular delivery of microcoils to close off the communication may be suffi-
cient. If the fistula is larger, surgical ligation of the artery may be needed." The
AV fistula can be closed with a Perclose device (Abbot Vascular, Abbot Park,
IL), but this technique is not standard of care and should be performed only by
those with the required expertise.

Minimizing the risk of access bleeding complications is done with use of fluo-
roscopy to delineate anatomical landmarks and the use of SMART Needle tech-
nology (Escalon Vascular, New Berlin, WI) as needed. As expected, the judicious
use of antithrombotics/antiplatelet agents reduces bleeding complications.

In regards to arterial closure devices (ACDs), there are little clear-cut, pro-
spective data to either support or discourage their use."' Their use should
be individualized, as assessed by the interventionalist in terms of benefits from
earlier ambulation versus the associated risks.



Figure 9.8 Femoral arteriovenous fistula.

Table 9.4 Risk factors for arteriovenous fistula formation

* High heparin dosage

» Coumadin therapy

« Puncture of the left groin
« Arterial hypertension

« Female gender

Practical Pearls

e Femoral access under active fluoroscopy to delineate vascular calcification
can aid with arterial puncture.

o Micropuncture kit usage can minimize the risk of access complications.

| E——
Complications of Intervention via the Radial Artery

With the importance of periprocedural bleeding and prognosis with PCI,"-"
radial arterial access is attractive since it seems to afford a lessened bleeding
risk.?’ The superficial nature of the artery makes compressibility very simple.
The occurrence of a hematoma and AV fistula formation is quite rare.?!

The most common complication seen is radial arterial occlusion. The
sequela of this tends not to be significant, with few problems reported in the
literature.?" In the event that this leads to hand ischemia, a typical approach is

CHAPTER 9 Complications of PCl
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prompt heparinization of the patient, with a surgical evaluation for thrombus
removal.

Arterial spasm is a common issue seen with radial arterial access. This is
treated with the use of intra-arterial vasodilators. If spasm is not recognized,
introduction of interventional wires and catheters can produce further injury,
including perforation and dissection of the upper extremity arterial system. In
addition, spasm can make removal of the arterial sheath difficult, and can result
in avulsion of the radial artery. These complications are extremely rare with the
use of contemporary techniques.

Bleeding remote from the access site can also produce a forearm hematoma.
The most common cause is perforation of a small branch with a guidewire
in patients receiving platelet glycoprotein Ilb/llla inhibitors. When bleeding is
identified, hemostasis can be achieved with an Ace bandage or a blood pressure
sphygmomanometer. In select cases, the interventional guiding catheter can be
placed across the perforation and will produce effective hemostasis.?!

The bulk of these complications have been minimized with designed radial
artery equipment including hydrophilic sheaths, as well as the use of intra-arte-
rial vasodilators like nitroglycerin and verapamil, with possible use of heparin.

Practical Pearls

e Heparin (2-5 K units), verapamil (250 pg), and nitroglycerin (250 pg) intro-
duced into the sheath reduce the complication rate.

o Use of hydrophilic sheaths is important to reduce complication risk.

e Maintain a low threshold for producing a fluoroscopic roadmap of arterial
supply of the arm, to reduce risk of arterial puncture.

e Use hydrophilic wires to introduce sheath and catheters.

Conclusion

Complications after PCI, although rare, must be identified early and appropri-
ately dealt with. Failure to recognize the complication and deal with it early in
its course may lead to major problems, including fatality. This chapter provides
a methodical approach to the management of several complications after PCI.

References

1. Al Suwaidi ), Berger PB, Holmes DR, Jr. Coronary artery stents. JAMA.
2000;284(14):1828-1836.

2. Brilakis ES, Best P, Elesber AA, et al. Incidence, retrieval methods, and outcomes
of stent loss during percutaneous coronary intervention: a large single-center
experience. Catheter Cardiovasc Interv. 2005;66(3):333-340.

3. Eggebrecht H, Haude M, von Birgelen C, et al. Nonsurgical retrieval of embolized
coronary stents. Catheter Cardiovasc Interv. 2000;51(4):432-440.



10.

1.

12.

13.

14.

15.

16.

17.

18.

. Veldhuijzen FL, Bonnier HJ, Michels HR, el Gamal MI, van Gelder BM. Retrieval

of undeployed stents from the right coronary artery: report of two cases. Cathet
Cardiovasc Diagn. 1993;30(3):245-248.

. Elsner M, Peifer A, Kasper W. Intracoronary loss of balloon-mounted stents:

Successful retrieval with a 2 mm-*“Microsnare”-device. Cathet Cardiovasc Diagn.
1996;39(3):271-276.

. Foster-Smith KW, Garratt KN, Higano ST, Holmes DR, Jr. Retrieval techniques

for managing flexible intracoronary stent misplacement. Cathet Cardiovasc Diagn.
1993;30(1):63-68.

. Douard H, Besse P, Broustet JP. Successful retrieval of a lost coronary stent

from the descending aorta using a loop basket intravascular retriever set. Cathet
Cardiovasc Diagn. 1998;44(2):224-226.

. Ellis SG, Ajluni S, Arnold AZ, et al. Increased coronary perforation in the new

device era. Incidence, classification, management, and outcome. Circulation.
1994;90(6):2725-2730.

. Javaid A, Buch AN, Satler LF, et al. Management and outcomes of coronary

artery perforation during percutaneous coronary intervention. Am | Cardiol.
2006;98(7):911-914.

Gaxiola E, Browne KF. Coronary artery perforation repair using microcoil
embolization. Cathet Cardiovasc Diagn. 1998;43(4):474-476.

Fischell TA, Korban EH, Lauer MA. Successful treatment of distal coronary
guidewire-induced perforation with balloon catheter delivery of intracoronary
thrombin. Catheter Cardiovasc Interv. 2003;58(3):370-374.

Tiroch KA, Arora N, Matheny ME, Liu C, Lee TC, Resnic FS. Risk predictors
of retroperitoneal hemorrhage following percutaneous coronary intervention.
Am | Cardiol. 2008;102(11):1473-1476.

Farouque HM, Tremmel JA, Raissi Shabari F, et al. Risk factors for the develop-
ment of retroperitoneal hematoma after percutaneous coronary intervention in
the era of glycoprotein lIb/llla inhibitors and vascular closure devices. | Am Coll
Cardiol. 2005;45(3):363-368.

Kalapatapu VR, Ali AT, Masroor F, Moursi MM, Eidt JF. Techniques for managing
complications of arterial closure devices. Vasc Endovascular Surg. 2006;40(5):399-
408.

Dangas G, Mehran R, Kokolis S, et al. Vascular complications after percutaneous
coronary interventions following hemostasis with manual compression versus
arteriotomy closure devices. | Am Coll Cardiol. 2001;38(3):638-641.

Koreny M, Riedmuller E, Nikfardjam M, Siostrzonek P, Mullner M. Arterial
puncture closing devices compared with standard manual compression after
cardiac catheterization: systematic review and meta-analysis. JAMA. 2004;
291(3):350-357.

Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse impact
of bleeding on prognosis in patients with acute coronary syndromes. Circulation.
2006;114(8):774-782.

Ndrepepa G, Berger PB, Mehilli ], et al. Periprocedural bleeding and 1-year
outcome after percutaneous coronary interventions: appropriateness of
including bleeding as a component of a quadruple end point. /| Am Coll Cardiol.
2008;51(7):690-697.

o
(-9
S
o
(%]
[
S
N
<
9
-
[-8
£
o
o
o
o<
L
=
o
<
=l
O




CHAPTER 9 Complications of PCl

176

19.

20.

21.

Kinnaird TD, Stabile E, Mintz GS, et al. Incidence, predictors, and prognostic
implications of bleeding and blood transfusion following percutaneous coronary
interventions. Am | Cardiol. 2003;92(8):930-935.

Agostoni P, Biondi-Zoccai GG, de Benedictis ML, et al. Radial versus femoral
approach for percutaneous coronary diagnostic and interventional procedures:
systematic overview and meta-analysis of randomized trials. /| Am Coll Cardiol.
2004;44(2):349-356.

Bazemore E, Mann |T, 3rd. Problems and complications of the transra-
dial approach for coronary interventions: a review. J Invasive Cardiol. Mar
2005;17(3):156-159.



Chapter 10

Optimal Long-term Therapy
of the Patient after
Percutaneous Coronary
Intervention

Dharam J. Kumbhani

The early days of percutaneous coronary intervention (PCl) were often limited
by restenosis and a high rate of complications, mainly due to a reliance on bal-
loon angioplasty alone and suboptimal adjunctive pharmacotherapy. Stents, as
well as potent antiplatelet agents, have enabled PCl to become the mainstay
of revascularization in patients with significant coronary artery disease. The
advent of drug-eluting stents (DESs) (Fig. 10.1) earlier this decade, in particular,
has significantly reduced the incidence of restenosis, the Achilles heel of their
predecessors, bare metal stents (BMSs). However, DESs have been found to be
associated with a small, but significantly increased risk of late stent thrombosis,
as compared with BMSs." The risk of in-stent restenosis thus needs to be bal-
anced against a risk of stent thrombosis in every patient.>* This risk-benefit
analysis guides the decision regarding the type of stent to be used for PCl in
almost all patients, which in turn dictates the optimal duration of antiplatelet
therapy in these patients.

Overview of Antiplatelet Agents Post Intervention

Given the central role that platelets play in atherothrombosis, as well as in
thrombosis following PCl, antiplatelet agents play a pivotal role in the manage-
ment of patients during and after PCI. Currently used antiplatelet agents for
long-term therapy post-PCl include aspirin, thienopyridines, and others such as
cilostazol. Several newer agents are also currently being investigated. The cor-
nerstone of therapy post-PCl is dual antiplatelet therapy—aspirin, along with
a thienopyridine (currently clopidogrel), owing to their synergistic actions on
platelet activity.

Aspirin
Aspirin, or acetyl salicylic acid (ASA), is the most widely used and cost-effective
drug in the prevention of platelet aggregation. It exerts its antiplatelet action
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Figure 10.1 Suggested approach for use of drug-eluting stents to boost benefit and reduce harm. ACS, acute coronary syndrome; BMS, bare-metal stent; CAD, coronary
artery disease; CABG, coronary artery bypass grafting; DES, drug-eluting stent; STEMI, ST elevation myocardial infarction. Adapted from Bavry AA, Bhatt DL. Appropriate
use of drug-eluting stents: balancing the reduction in restenosis with the concern of late thrombosis. Lancet. 2008;371:2124-2143, with permission of the publisher (Elsevier).



mainly by irreversibly acetylating a serine residue of platelet cyclooxygenase
(COX)-1,* thus inhibiting the formation of thromboxane A2, which is a potent
stimulator of platelets.

Currently, the American College of Cardiology/American Heart Association
(ACC/AHA) recommends that, after PCl, in patients without allergy or
increased risk of bleeding, aspirin (162325 mg daily) should be given for at
least 1 month after BMS implantation, 3 months after sirolimus-eluting stent
implantation, and 6 months after paclitaxel-eluting stent implantation, after
which daily long-term aspirin use should be continued indefinitely at a dose of
75-162 mg (Class |, level of evidence: B).> This dose achieves an efficacy that
is comparable to higher doses, but without a significant increase in bleeding or
gastrointestinal toxicity.® In patients for whom the physician is concerned about
risk of bleeding, a lower dose of 75—162 mg of aspirin is reasonable during the
initial period after stent implantation (Class lla, level of evidence: C).

Thienopyridines

Thienopyridines exert their antiplatelet effects by irreversibly blocking the P2Y,
receptor, thereby inhibiting platelet activation through adenosine diphosphate
(ADP).” Currently, clopidogrel is the most widely used thienopyridine.

Ticlopidine
Ticlopidine is converted to its active metabolite in vivo. Data regarding the
use of ticlopidine 250 mg twice daily as dual antiplatelet therapy along with
aspirin following PCl are available mainly for BMS PCI.2 However, the associa-
tion of ticlopidine with hypercholesterolemia and hematologic dyscrasias, often
severe, have led to a virtual abandonment of this therapy as an alternative to
aspirin or clopidogrel in most situations.

According to the ACC/AHA, ticlopidine is currently recommended only in
patients who are allergic to clopidogrel (in the absence of contraindications).

Clopidogrel

Clopidogrel is a prodrug, and it is converted to its active metabolite in the
liver. Dual therapy with aspirin and clopidogrel is currently the mainstay in the
management of patients undergoing PCI.

The optimal duration of long-term therapy with clopidogrel is currently
unknown. When DESs were initially approved by the U.S. Food and Drug
Administration (FDA) in 2003, dual antiplatelet therapy with aspirin and
clopidogrel was recommended for 3 months following sirolimus-eluting stent
implantation, and for 6 months following paclitaxel-eluting stent implantation.
Given reports of late and very late stent thrombosis in patients receiving a DES
compared with BMS, dual antiplatelet therapy is currently recommended for at
least 12 months in these patients."?

Although conventionally a daily dose of 75 mg is utilized as maintenance
therapy, recent data seem to suggest that a higher dose of 150 mg daily achieves
greater platelet inhibition." Moreover, single-center studies have indicated that
this strategy is associated with better clinical outcomes at 30 days, especially
after DES implantation." This strategy is, however, not recommended for all

>
g
=
)
=
=
£
=
[
by
o0
[
)
-
"
[<]
£
Nd
[- 3
o
o
o«
w
=
o
<
ac
O




CHAPTER 10 Optimal Long-term Therapy

patients, and can be considered in patients at high risk of stent thrombosis, such
as in those with demonstrated antiplatelet resistance. In addition, chronic long-
term therapy with clopidogrel may not achieve adequate platelet inhibition prior
to PCI. A loading dose of 300-600 mg is usually readministered in this setting."

Current ACC/AHA recommendation for all post-PCl stented patients receiv-
ing a DES, is that clopidogrel 75 mg daily should be given for at least 12 months
if patients are not at high risk of bleeding. For post-PCl patients receiving a BMS,
clopidogrel should be given for a minimum of 1 month and ideally up to 12
months (unless the patient is at increased risk of bleeding; then it should be given
for a minimum of 2 weeks) (Class I, level of evidence: B). Continuation of clopi-
dogrel therapy beyond 1 year may be considered in patients undergoing DES
placement (Class llb, level of evidence: C).* In patients in whom subacute throm-
bosis may be catastrophic or lethal (unprotected left main, bifurcating left main,
or last patent coronary vessel), platelet aggregation studies may be considered,
and the dose of clopidogrel increased to 150 mg/day if less than 50% inhibition of
platelet aggregation is demonstrated (Class IIb, level of evidence: C)."

Prasugrel

Prasugrel is a newer-generation thienopyridine that, like clopidogrel, is a prodrug
that is converted to an active metabolite in vivo. However, it results in more rapid,
higher, and more consistent levels of platelet inhibition than does clopidogrel,
with significantly less variation in individual response.™' Prasugrel at a 60 mg
loading dose followed by 10 mg daily was recently shown to be associated with a
significant clinical benefit, albeit with a higher risk of bleeding, as compared with a
300 mg loading dose followed by 75 mg daily of clopidogrel in patients presenting
with acute coronary syndromes." Prasugrel was approved by the FDA earlier this
year, and it is likely to figure prominently in future PCl management guidelines.

Antiplatelet Drug Resistance

Antiplatelet drug resistance refers to the development of a thrombotic event
while on antiplatelet agents due to ineffective or incomplete platelet inhibition.
Low levels of platelet inhibition have also been associated with an elevated risk of
ischemic events."” Although probably best characterized for aspirin, “resistance”
or “hypo-responsiveness” has also been described for clopidogrel and GP lIb/llla
inhibitors.” Although “resistance” may in fact result from patient noncompliance,
a number of mechanisms for true antiplatelet resistance have been elucidated
(Table 10.1). Although not currently recommended for routine use, a number
of platelet function tests are being evaluated,"®"” and some assays have demon-
strated exciting initial clinical results.?® Further large-scale randomized studies of
this and other assays will help clarify their role in routine medical practice.

Other Agents

Cilostazol

Cilostazol exerts its antiplatelet action by selective antagonism of the phospho-
diesterase (PDE) 3A enzyme. In addition, it also inhibits the uptake of adenosine,



Table 10.1 Possible mechanisms of antiplatelet resistance

* Bioavailability
» Noncompliance
» Under-dosing
« Poor absorption (enteric-coated aspirin)
* Interference
—NSAID coadministration (competes with aspirin for serine 530 of COX-1)
—Atorvastatin (interferes with cytochrome P450-mediated metabolism of
clopidogrel)
* Platelet function
« Incomplete suppression of thromboxane A2 generation (aspirin)

« Accelerated platelet turnover, with introduction into bloodstream of newly
formed, drug-unaffected platelets

« Stress-induced COX-2 in platelets (aspirin)
* Increased platelet sensitivity to ADP and collagen
+ Single-nucleotide polymorphisms
« Receptors: P2Y12 H2 haplotype (clopidogrel), GP lIb/llla, collagen receptor,
thromboxane receptor, etc.
 Enzymes: COX-1, COX-2, thromboxane A2 synthase, etc. (aspirin)
* Platelet interactions with other blood cells

« Endothelial cells and monocytes provide PGH, to platelets (bypassing COX-1) and
synthesize their own thromboxane A2 (aspirin)

* Other factors
» Smoking
 Hypercholesterolemia
« Obesity (? elevated fibrinogen)
* Diabetes (? elevated fibrinogen)

ADP, adenosine diphosphate; COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drug.

Adapted from Michelson AD. Platelet function testing in cardiovascular diseases. Circulation. 2004;
110:e489-493. Copyright © 2004, American Heart Association, Inc. With permission from Wolters
Kluwer Health.

and has been shown to inhibit platelet aggregation. Most, if not all, of its actions
are mediated by cyclic adenosine monophosphate (cAMP).?' Cilostazol (200 mg
daily) has been extensively evaluated as an alternative to thienopyridines in
patients undergoing PCl, and it may be effective in reducing restenosis and
repeat revascularization.?? Recently, cilostazol has been evaluated as triple anti-
platelet therapy, in addition to aspirin and clopidogrel, in patients undergoing
DES PCl, and it has been shown to be associated with superior intermediate-
term clinical outcomes.? Given lack of long-term and placebo-controlled data,
cilostazol does not figure in current ACC/AHA PClI guidelines.

Need for Warfarin

Patients with conditions such as mechanical heart valves, chronic atrial fibrilla-
tion, and venous thromboembolism are required to be on warfarin, a vitamin
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K antagonist, sometimes lifelong. When such patients undergo PCl and need
dual antiplatelet therapy, they have a significantly higher risk of major and minor
bleeding, which can be as high as 6.6% and 14.9%, respectively.?* Discontinuation
of warfarin might increase the potential for stroke, whereas discontinuation of
clopidogrel might result in increased risk for stent thrombosis; both events are
associated with significant morbidity and mortality. Consideration for preferen-
tial BMS PCl should thus be made in patients needing chronic anticoagulation,
to minimize the duration of triple therapy as much as possible.?

Need for Noncardiac Surgery or Other Invasive
Procedures While on Dual Antiplatelet Therapy

Noncardiac surgery and most invasive procedures can increase the risk of
stent thrombosis, especially when the procedure is performed early after stent
implantation. Factors include incomplete/nonendothelialization of the stent,
the inflammatory milieu associated with surgery, and premature cessation of
dual antiplatelet therapy. Aspirin and thienopyridines need to be discontinued
for at least 5—7 days prior to surgery to restore normal hemostasis. A number
of strategies to minimize the risk of perioperative stent thrombosis are outlined
in the Practical Pearls section.>2

Practical Pearls

o Delay the procedure as long as possible: Unnecessary and nonemergent proce-
dures, which can safely be performed after the minimum duration of recom-
mended dual antiplatelet therapy has been completed (6 weeks after BMS
PCl and 12 months after DES PClI), should be delayed.

e Continue antiplatelet therapy during the perioperative period: Some surgeries,
such as cataract removal, routine dermatological surgeries, and dental extrac-
tions can be safely completed with the patient on aspirin and clopidogrel,
without significantly increasing surgical bleeding. Some other more invasive
procedures can be similarly safely conducted with the patient on low-dose
aspirin. Dual antiplatelet therapy should be resumed as soon as 24 hours or
the next day after most surgeries, if possible. Some authorities recommend
reloading with 600 mg of clopidogrel in patients with such interruptions in
antiplatelet therapy, although this approach has not been validated in clinical
studies.
Avoid preoperative revascularization: Most patients with stable coronary dis-
ease needing noncardiac surgery do not necessarily benefit from preopera-
tive revascularization. Only patients with unstable coronary syndromes or
high-risk features should be considered for revascularization.”” A recent con-
sideration has been the use of balloon angioplasty alone in patients needing
semi-emergent surgery and having high-risk coronary disease. Percutaneous
coronary intervention with stents can be performed after surgery if
indicated.



o Stent selection: If a patient is expected to need noncardiac surgery within 1
year, it is best to use BMS when possible.

o Bridging therapy: If there is a need for an invasive procedure before dual anti-
platelet therapy can be safely stopped, one approach is to bridge patients
with a glycoprotein lIb/llla inhibitor, with or without heparin, in the periop-
erative period, before antiplatelet therapy can be resumed. This approach
has not been validated in clinical trials.
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Chapter 11a

Renal and Mesenteric Artery
Interventions

On Topaz, Allyne Topaz, and Pritam R. Polkampally

Interventions for Renal Artery Stenosis

Atherosclerotic renal artery stenosis (RAS) accounts for impaired perfusion
and adverse clinical sequelae.” A majority (>90%) of renal arterial obstructions
in adults are caused by atherosclerotic vascular disease.? Left untreated, RAS
may cause renal atrophy and subsequent need for permanent dialysis, uncon-
trolled hypertension, and severe congestive heart failure (CHF). Over the last
decade, a dramatic paradigm shift in the treatment of RAS took place. Vascular
surgery was replaced as the preferred treatment for RAS initially by percutane-
ous transluminal angioplasty (PTA) and subsequently by percutaneous translu-
minal angioplasty with stenting (PTAS). Noninvasive diagnostic methods such
as magnetic resonance angiography (MRA), computed tomography angiography
(CTA), and duplex ultrasonography are highly beneficial, but none have obvi-
ated the role of the “gold standard,” renal arteriography.?

Clinical Considerations

Patients with RAS may present with hypertension, failure to control blood
pressure with multidrug therapy, renal dysfunction following administration
of angiotensin-converting enzyme (ACE)-inhibitor or contrast, CHF, and flash
pulmonary edema. Percutaneous transluminal angioplasty with stenting of RAS
achieves a 95%-98% technical success rate, with less than 5% major compli-
cations and 10% restenosis.> However, despite the marked advances offered
by PTAS, this modality is not universally accepted.** Enrollment in ongoing
clinical studies (e.g., CORAL) is considerably low, and unrealistic expectations
for PTAS outcome prevail. Completed studies comparing medical therapy to
balloon angioplasty for treatment of hypertension’ allowed a large proportion
of the patients who failed medical therapy to cross over to the angioplasty
treatment. Other randomized investigations of stenting versus medical ther-
apy?® included lesions of less than 70%, failed to stent a large number of those
patients who were randomized to stenting,®® or set arbitrary resistive renal
indices to determine procedural success.” An unacceptably high rate of techni-
cal failures, vascular complications,® and “disappointing PTAS results”®"" have
also been reported. In reality, the combined deleterious effects of coexisting
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atherosclerosis, hypertension, and diabetes frequently causes permanent dam-
age to kidney function before PTAS. Yet the only component that can still be
modified is the compromised flow secondary to RAS. In these instances, PTAS
or bypass surgery may preserve some or even all residual renal function.”
Regrettably, the absence of “angina renalis” and the unavailability of precise
tests to detect silent ischemic kidney creates a “permissive” clinical tolerance
for impaired renal function, despite the grave risk of kidney loss and resultant
permanent dialysis. Renal artery stenosis should be particularly suspected in
patients with accelerated hypertension (sudden and persistent worsening of
previously controlled hypertension), resistant hypertension (failure to achieve
goal blood pressure in patients who are adhering to full doses of an appro-
priate three-drug regimen that includes a diuretic), or malignant hypertension
(hypertension with coexistent evidence of acute end-organ damage, such as
acute renal failure, acutely decompensated congestive heart failure, new visual
or neurological disturbance, and/or advanced [grade Ill/IV] retinopathy).”

Management of the Patient with Renal Artery Stenosis

Case Selection

The indications for PTAS for treatment of significant RAS include hemody-
namically significant RAS associated with accelerated hypertension; resistant
hypertension; malignant hypertension; hypertension with an unexplained unilat-
eral small kidney; hypertension with intolerance to medication; asymptomatic
bilateral or solitary viable kidney; bilateral RAS and progressive chronic kidney
disease; recurrent, unexplained congestive heart failure or sudden, unexplained
pulmonary edema; RAS in a patient who requires treatment with ACE inhibi-
tors for retinopathy and nephropathy; and renal transplant with an arterial
stenosis or renal bypass graft stenosis producing hypertension, azotemia, or
both.”*"* However, the only American College of Cardiology/American Heart
Association (ACC/AHA) Class | recommendation for percutaneous revascu-
larization is significant RAS with recurrent and unexplained CHF or pulmonary
edema.

An important goal for PTAS of RAS is to eliminate the significant trans-
stenosis pressure gradient. Most recently, Leesar et al. reported that the best
criteria for prediction of hypertension improvement after stenting of RAS is a
hyperemic systolic gradient of 21 mm Hg or higher."

From pathologic and clinical perspectives, the ominous rapid progression of
severe RAS toward total occlusion and resultant permanent kidney loss is of
major concern. Even a moderate angiographic stenosis of 50%—60% is associ-
ated with a 11.7% cumulative incidence of renal atrophy and a 28% cumulative
incidence of disease progression over 2-year period." Thus, critical RAS cases
may be considered for PTAS to remove the danger of impending renal artery
closure (Fig. 11a.1a,b).

Technical Aspects of Renal Percutaneous Transluminal Angioplasty

Vascular access can be obtained by a femoral, brachial, or radial approach.
Adjunct pharmacotherapy includes aspirin, heparin (target ACT 225-250),



Figure 11a.1 Renal artery stenosis. (A) A patient with uncontrolled hypertension,
CHF and unstable angina. Bilateral critical renal artery stenosis was found. Angiogram

of the critical ostial left renal artery stenosis is depicted. (B) Results post debulking and
adjunct stenting. The patient’s clinical condition improved dramatically post intervention.

and clopidogrel, either before or immediately post stenting.'” A direct throm-
bin inhibitor instead of heparin can be used, with dose adjustment for renal
function, although this line of treatment is not as well studied. A protection
protocol for contrast-induced nephropathy using acetylcysteine (Mucomyst)
1,200 mg b.i.d. administered intravenously or orally) is indicated regardless of
the baseline creatinine. Plavix is administered for at least 1 month post renal
intervention.

The most important technical issues of renal PTAS relate to safety of equip-
ment manipulation and to the crucial limitations on the volume of hazardous
contrast medium." Targeted renal therapy by direct infusion of the short-acting
selective dopamine 1 agonist vasodilator Fenoldopam through dedicated renal
catheters has been studied.” Most commonly a 6 or 8 Fr short left internal mam-
mary artery (LIMA) guiding catheter is used over a 0.035- or 0.014-inch guide-
wire. Other useful guiding catheters include renal curve, multipurpose (mainly
for brachial approach), Simmons Sidewinder, Sos Omni, Cobra, and Judkins right
coronary. The guiding catheter is flushed frequently to avoid accumulation of
any atherosclerotic or thrombotic material. Then the ostium of the renal artery
is gently engaged and an adequate pressure wave form should be verified. A
cross-lesion gradient can be recorded either by a pull-back technique with the
guide catheter or with insertion of a pressure wire. A selective angiogram is
performed in anteroposterior (AP) view with peripheral magnification and, if
indicated, shallow left anterior oblique (LAO) and right anterior oblique (RAO)
projections are obtained. The angiographic injections should contain a 50/50
mixture of contrast media and saline. We prefer to cross the lesion with a 0.014-
inch SpartaCore (Abbott Vascular, Santa Clara, CA) guidewire. Other available
guidewires are the 0.035-inch Wholey Hi-Torque ] (Mallinckrodt, St. Louis, MO)
or the Zipwire 0.035-inch (Boston Scientific, Natick, MA). In instances when a
guidewire needs enhanced support, we cross with a 0.014-inch guidewire and
exchange it through an exchange catheter system (Quick Cross, Spectranetics,
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Colorado Springs, CO) with a stiff, supportive Platinum Plus guidewire. It is
crucial that the guidewire is held firmly throughout the entire procedure with
the tip positioned at a large tributary of the main renal artery. This is required
to avoid distal migration of the guidewire into the renal parenchyma, with
catastrophic sequelae. For further determination of the target lesion and the
characteristics of the target vessel, a rapid-exchange intra-renal ultrasound
(Volcano Technologies, Rancho Cordova, CA) may be undertaken, but it is
rarely used in clinical practice. The incorporation of a filter protection sys-
tem is a controversial topic. Operators who are concerned with the danger
of distal embolization from the target plaque favor deployment of a protec-
tive system in every renal intervention.?-22 However, the available embolic
protection devices are not specifically designed for use in renal arteries, and
there are legitimate concerns about the floppy-tip guidewires of the protec-
tion systems, incompatibility with the limited landing zone, difficult delivery,
and kinking upon the retrieval of the filter.?* In practice, few operators use an
emboli protection device.

When treating severe-critical RAS (defined as >90%, with a gradient of >50
mm Hg), especially in lesions exhibiting a markedly eccentric plaque and asso-
ciated thrombus, debulking is an option.?* This facilitates subsequent balloon
and stent deployment. Among available peripheral balloons are the Aviator
(Cordis, Raden, Netherlands), Prolifer (AngioDynamics, Queensburg, NY), and
Agil Trac (Abbott Vascular, Santa Clara, CA). For balloon deployment, we apply
a unique technique that takes into consideration the sharp aortic exit angle of
the renal arteries with the corresponding retroperitoneal “free suspension.”
Thus, in the absence of surrounding supportive tissue around these vessels,
radial balloon distension pressures are distributed to the entire circumference
of the vessel without any counter vectors. Consequently, arterial wall damage
in the form of dissections and even perforations may rarely occur during renal
angioplasty. Plaque disintegration and distal embolization of atherosclerotic
debris may also accompany the balloon inflations as well.? Thus, we perform a
soft molding inflation applying a very low pressure. For example, a balloon with
a nominal pressure of 10 atm is inflated to 1-2 atm only. In our experience, in
most instances, this technique achieves adequate changes in the plaque’s mor-
phology, eliminates dissections and perforations, reduces distal embolization,
and facilitates stenting. For lesions that require a semi-compliant balloon, either
the NanoCross or the EverCross balloons (eV3, Plymouth, MN) are useful. In
cases with a very resistant target lesion that requires a high-pressure inflation,
the Conquest (Bard Vascular, Tempe, AZ) high-pressure balloon (rated burst
pressure 30 atm) can be applied. The renal stents utilized should be based on
an expandable balloon platform and deployed up to nominal pressure. Among
commonly used stents are the Genesis (Cordis, Raden, Netherlands) and the
Paramount Mini (eV3, Plymouth, MN). Importantly, the stent size should pre-
cisely match the normal caliber of the artery and not the segment containing
a poststenotic dilatation. Along the stent deployment, the guiding catheter is
gently pushed forward in order to slightly elevate the ostial-proximal portion
of the stent. This maneuver places the stent in a perfect adaptation to the



vessel’s natural anatomic course. For ostial narrowing, the stent should cover
the entire ostium, bulging 1-2 mm into the aorta. Repeat ultrasound for ver-
ification of adequate stent expansion may be useful. This should be followed
by documentation of the postprocedural residual gradient. Upon completion
of the renal PTAS, a normal flow in the targeted renal artery should be pres-
ent. Postprocedural care includes aspirin for life and clopidogrel for at least
1 month. Close follow-up of renal function is mandatory.

Interventions for Mesenteric Ischemia

Acute and chronic mesenteric ischemia are caused by atherosclerotic/
thrombotic disease, arterial embolic occlusive disease, dissection, vasculitis,
median arcuate ligament, low flow state secondary to myocardial infarction,
severe CHF, and sepsis. The pathophysiology of acute and chronic mesenteric
ischemia relates to disease in the three major aortic branches that provide
gastrointestinal blood supply: the celiac artery, superior mesenteric artery, and
inferior mesenteric artery.?> Most atherosclerotic lesions involve the ostium
or the proximal 3 cm of a mesenteric artery. The indications for mesenteric
artery intervention include chronic mesenteric ischemia (defined as unex-
plained weight loss with postprandial abdominal pain and chronic nausea,
vomiting, diarrhea) with significant stenosis or occlusion of two or more vis-
ceral vessels, or acute symptoms in a mesentery artery stenosis (MAS) patient
who is not a surgical candidate. The revascularization can involve treatment
with transcatheter lytic therapy, balloon angioplasty, and stenting in selected
patients (Figs. 11a.2a—c and 11a.3a,b).> The advent and convenience of per-
cutaneous techniques for the management of chronic and acute mesenteric
ischemia has offered an alternative strategy for a significant number of patients
for whom open surgery poses significant risk.” For acute mesenteric ischemia,
angiography in AP and lateral views is still regarded as the gold standard, yet
CTA is an excellent tool as well. Initial diagnosis of chronic mesenteric ische-
mia should be confirmed by Doppler ultrasonography. A peak velocity of 275
cm/sec or greater represents 70% stenosis (sensitivity 92%, specificity 96%).
For PTA, either a femoral or transbrachial approach may be used. Standard
medications are heparin, clopidogrel, aspirin, and selective injection of a throm-
bolytic agent, if indicated. Equipment selection includes a 7 or 8 Fr guide cath-
eter, 0.014- or 0.035-inch guidewires, a low-profile rapid-exchange peripheral
balloon, and standard balloon-expandable peripheral stenting, as used in renal
PTA (described earlier).” Balloon-expandable stents are preferred over self-
expandable stents except in selected cases in which external compression on
the superior mesenteric artery requires application of self-expandable Nitinol
stents. The technical success rate of PTA for MAS is high at 80%—96%, with a
major complication rate of 8%—16% and long-term success rates of 67%-83%.
The 6-month patency is 92%, and the 18-month patency is 74%.% Silva and col-
leagues reported a 29% restenosis rate among 59 consecutive patients who
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Figure 11a.2 Celiac artery stenosis. (A) 71-year-old male with severe multisystem
atherosclerotic vascular disease. The patient presented with food fear, post-prandial
abdominal pain and diarrhea. Angiogram demonstrating 90% ostial celiac artery stenosis
(below), 80% SMA, and 100% IMA occlusion. (B) Intervention with Spartacore guide-wire,
PTA 5.0/20 Quantum balloon followed by stenting with Express SD 7.0/19 stent. (C)
Final angiographic results post stenting. The patient had marked clinical improvement.
(Courtesy of Chris Metzger, MD, Director Cardiac and peripheral Cath Labs, Wellmont
Holston Valley Medical Center, Kingsport, TN.)

Figure 11a.3 Superior mesenteric artery (SMA) stenosis. (A) Angiogram demon-
strating severe ostial stenosis of the SMA. (B) Results after application of balloon and
stenting with Express SD 6.0/18 stent. (Courtesy of Chris Metzger, MD, Director Cardiac
and peripheral Cath Labs, Wellmont Holston Valley Medical Center, Kingsport, TN.)



underwent stenting for chronic mesenteric ischemia. The restenotic lesions
were successfully revascularized through repeat PTA.?

Postprocedural care includes aspirin for life and clopidogrel (75 mg/day
orally) for at least 1 month. Careful clinical assessment and noninvasive imaging
for signs of recurrent mesenteric disease are mandatory. Duplex surveillance
should be obtained at 1, 3, and 6 months, and every 6 months thereafter.

Conclusion

Patients with RAS present with hypertension, failure to control blood pres-
sure with multidrug therapy, renal dysfunction following administration of an
ACE inhibitor or contrast, CHF, flash pulmonary edema, and angina.
Important selection criteria for RAS intervention include severe angiographic
stenosis of at least 80% associated with hyperemic systolic gradient 20 mm Hg
or greater. Alternatively, a preprocedure peak-to-peak gradient of 25 mm Hg
or greater should be present.

Percutaneous transluminal angioplasty with stenting of RAS achieves a
95%-98% technical success rate, with less than 5% major complications and
10% restenosis.

Follow-up post PTAS of RAS includes assessment of renal function and modi-
fication of cardiovascular risk factors.

The indications for mesenteric artery intervention include chronic mesen-
teric ischemia or acute symptoms in a MAS patient who is not a surgical
candidate.

The technical success rate of PTA of MAS is 80%-96%, with a major compli-
cation rate of 8%—16%, and long-term success rates of 67%—83%.

Duplex surveillance should be obtained in 1, 3, and 6 months, and every
6 months thereafter.

Practical Pearls

o Perform the renal angiograms with a 50/50 mixture of contrast and saline to
reduce the dye load.

o Administer Mucomyst protocol regardless of baseline creatinine.

e Use a supporting guidewire with soft J-tip configuration.

e Anchor the guidewire during the entire procedure to avoid distal tip
migration.

e Deploy soft, molding, compliant balloons with a lower than nominal pressure
whenever possible.

e In complex lesions, consider debulking prior to balloon inflation.

o Use balloon-expandable stents.

e Consider intravascular ultrasound for assessment of pre and post balloon
dilation and stenting.
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Chapter 11b

Carotid Artery Interventions

Thomas J. Helton

Stroke is the third leading cause of death in the United States, and most occur
without warning. At least 5%—12% of strokes occur in patients with carotid disease
that is amenable to revascularization. The predominant method of revasculariza-
tion remains carotid endarterectomy, with 117,000 procedures performed annu-
ally; carotid stenting (Fig. 11b.1) is reserved for patients who present high surgical
risk (approximately 7,000-10,000 stent procedures are performed annually).'

Patient Management

Vascular Access

A successful carotid stenting procedure always begins with appropriate vascular
access. Rarely, a right brachial or right radial approach may be necessary to
facilitate engagement of an anomalous left carotid originating from the innomi-
nate. Contemporary carotid stent delivery systems require either a 6 Fr deliv-
ery sheath (also known as a guiding sheath) or an 8 Fr guide catheter system;
both have similar internal diameters (0.087-0.090 inches). Operator preference
or familiarity often dictates the selection. Operators at our institution typically
use the delivery sheath system for the vast majority of carotid interventions;
however, the larger guide-based systems offer more support and are useful for
tortuous vessels, and in distal or critically tight lesions (Fig. 11b.2).
Carotid Angiography
Aortic arch anatomy is defined by the relationship of the innominate artery to
the aortic arch, as well as the origins of the great vessels. Three basic variants
of aortic arch anatomy are currently recognized (Fig. 11b.3), and the most com-
mon aberration of the great vessels is a “bovine arch” (Fig. 11b.4).

Diagnostic carotid angiography can be performed in nearly all patients with
a type 1 or type 2 arch using a R4 catheter positioned in the common carotid
(Table 11b.1). Conversely, a Vitek® or Simmons® catheter JR4 is often needed
for a type 3 arch or “bovine” anatomy. Intracranial circulation projections are
an essential part of routine carotid angiography, as these images will serve as
references should an untoward complication, such as an intracranial embolic
event, arise during the intervention.
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Patient Selection:

High Risk for CEA

Asymptomatic with > 80%

stenosis in a clinical trial

Symptomatic with 50-69%
stenosis in a clinical trial

Symptomatic with
> 70% stenosis

Appropriate Arterial
Access

Diagnostic angiography

Guide Delivery sheath

Anticoagulation strategy

Embolic protection

Predilatation with
balloon angioplasty

Stent selection and
deployment

Post-procedure

angiography

Figure 11b.1 Carotid stenting strategy.

Figure 11b.2 Carotid stent procedure.




Type | Type ll Type lll

Figure 11b.3 Classification of aortic arch type. Type | aortic arch occurs when all
three great vessels arise in the same horizontal plane as the outer curvature of the aortic
arch. In the type Il aortic arch, the innominate arises between the horizontal planes of the
outer and inner curvatures of the aortic arch. In the type Il aortic arch, the innominate
arises below the horizontal plane of the inner curvature of the aortic arch. The degree of
difficulty engaging the carotid artery progressively increases from type 1 to type 3 arches.

Right
Common e
Carotid

Left
I Common

Right Carotid.

Subclavian / I
— Left

Subclavian
Innominate

—_

Figure 11b.4 Bovine arch. The bovine arch is the most common arch variant, in which
the left common carotid arises as a branch of the innominate artery.

Table 11b.1 Basic carotid angiographic views

Aortic arch LAO 30°
Left carotid artery LAO 30-45°

Left lateral 90°
Right carotid artery RAO 30-45°

Left lateral 90°
Intracranial arteries PA cranial 20-30°T

Left lateral 90°

*
Supplementary views with contralateral obliques and cranial/caudal angulation may be necessary to
better visualize specific lesions or anatomic areas of interest.

TAngulation should be such that the petrous bone is positioned at the base of the orbit.
LAO, left anterior oblique; RAO, right anterior oblique.
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Carotid Stenting and Angioplasty

Antithrombotic Strategy

Most operators use heparin 50-70 units/kg bolus to target an activated clotting
time (ACT) of 250-300 seconds for carotid interventions, and many give a hep-
arin bolus prior to diagnostic angiography, although after access is obtained.!
This is typically done on a background of aspirin 325 mg/day and clopidogrel 75
mg/day (after a 300-600 mg loading dose). Post procedure, aspirin should be
continued indefinitely and clopidogrel for at least 30 days." The use of bivaliru-
din was permitted in some carotid stenting trials; however, there are insufficient
data to recommend this strategy.? The use of low-molecular-weight heparins
is neither proven nor recommended during carotid stenting, given the lack of
reversibility and long half-lives. Glycoprotein Ilb-llla inhibitors have not proven
useful in this setting and also carry the added potential of increased bleeding.?

Guide or Delivery Sheath Engagement

First, the appropriate guiding catheter or delivery sheath must be selected.
With a Tuhoy-Borst® adaptor attached to the hub of the guide/delivery sheath,
a soft-tip 0.035-inch wire is advanced into the guide/delivery sheath and a diag-
nostic catheter (JR4) is advanced over the wire. The diagnostic catheter and
soft-tip wire are positioned 6-8 cm beyond the tip of the guide/delivery sheath
and used to initially engage the left common carotid or innominate artery.
The soft-tipped wire is then exchanged for a stiff angle Glidewire®, which is
advanced into the external carotid artery. Next, the guide/delivery sheath is
slowly advanced over the Glidewire®/diagnostic catheter combination to the
distal common carotid.

Embolic Protection

Selection of an embolic protection strategy is the next step. Many types of
embolic protection devices (EPDs) exist; however, most of the supporting
data for carotid stenting are with filter-type EPDs (Table 11b.2). The filter-type
EPDs are a subset of distal protection devices in that they require the lesion to
be crossed and the device deployed distal to the lesion. Occasionally, the lesion
has to be predilated to allow passage of the filter. Filter devices typically come
with a soft-tipped 0.014-inch wire that is advanced distal to the lesion to the
cervical portion of the internal carotid artery. This area, just proximal to the
petrous segment, is typically the ideal landing zone for distal EPDs, as it is usu-
ally straight and devoid of significant atherosclerotic plaque.* Once positioned
correctly (advanced over the wire in a closed or sheathed position), the filter
device is deployed by advancing the filter out of its integrated sheath.

Balloon Angioplasty/Stenting

Predilation with a 4.0 X 20 mm balloon is often performed to allow passage of
the stent across the lesion.* Carotid stents come in two basic configurations:
tapered and nontapered. Tapered stents are ideally suited for lesions that start
in a larger vessel (i.e., the distal common carotid) and extend into a smaller



Table 11b.2 Embolic protection devices"**

Device Type

Advantages

Disadvantages

filter device

Distal protection with

« Preservation of
antegrade flow

« Permits contrast imaging
during procedure

« Ease of use

* Incomplete debris capture

* Filter clogging

* Debris loss during device
retrieval

* May require lesion pre
dilatation for delivery

* May be difficult to retrieve
across stent

Distal protection with
balloon occlusion

« Ease of use

* Near complete debris
capture with both large
and small particles

* No antegrade flow

* No contrast imaging during
procedure

* Balloon induced vessel
trauma

» Movement or inadequate
apposition during procedure

Proximal protection
with balloon occlusion

* Eliminates guidewire
attributable embolization

« Operator selects
guidewire

« Retrograde distal internal
carotid flow

* No antegrade flow
* Relatively difficult to use,
large profile

« Static contrast imaging
during procedure

the publisher.

Adapted from Bates ER, Babb |D, Casey DE, Jr., et al. ACCF/SCAI/SVMB/SIR/ASITN 2007 Clinical
Expert Consensus Document on carotid stenting. Vasc Med. 2007;12(1):35-83, with permission of

Table 11b.3 Stent design: Advantages and disadvantages**

lumen

Open-Cell Closed-Cell

Advantage Disadvantage Advantage Disadvantage
Improved Difficulty with Improved device Not as flexible
flexibility in introducing and deliverability and retrieval in tortuous
tortuous vessels  retrieving devices vessels
Enhanced vessel  Protrusion of Improved plaque and Relatively less
wall apposition plaque or thrombus thrombus coverage with  uniform wall

into the vessel more uniform scaffolding  apposition

Separation and
protrusion of stent
struts and segments

struts

No protruding stent

vessel (i.e., the internal carotid artery). Conversely, nontapered or cylindrical
stents are optimally suited for lesions contained within a vessel of uniform size.
These stents are either balloon-expandable stainless steel or self-expanding
nitinol stents with an open- or closed-cell design, each having unique advan-
tages and disadvantages (Table 11b.3).> The vast majority of stents currently
used for carotid stenting are nitinol self-expanding stents (Table 11b.4).°

(%]
c
=
N
c
(3
>
o
o
Ed
=
o
R ed
S
<<
2
Nd
°
£
]
o
o
o
w
[=
o
<
T
(v)




202 CHAPTER 118 Carotid Artery Interventions

Table 11b.4 Currently available carotid stents™*®

Stent Straight Tapered Cell Design  Stent Type
Diameter (mm) Length (mm) Diameter (mm) Length (mm)
Acculink (Guidant) 5,6,7,89 10 20, 30, 40 8-6 20, 30, 40 Open N
10-7 20, 30, 40
Exponent (Medtronic)  6,7,8,9, 10 20, 30, 40 NA NA Open N
Precise (Cordis) 5,6,7,89, 10 30, 40 8-6 20, 30, 40 Open N
9-7 20, 30, 40
10-8 20, 30, 40
Protégé (EV3) 6,7,89,10 20, 30, 40, 60 8-6 30, 40 Open
10-7
Sinus (Optimed) 56,7,89 20, 30, 40 9-6 40 Open N
10-7
Vivexx (Bard) 56,7,8910, 20, 30, 40 8-6 30, 40 Open N
1,12 10-7 30, 40
12-8 30, 40
Zilver (Cook) 6,7,8,9,10 20, 30, 40, NA NA Open N
60, 80




Nextstent (Boston 4,5,6,7,8,9,10 30 94 30 Closed N
Scientific)

Nitrinol (Medinol) 56,7,8 21, 30, 44 8-6 30, 44 Closed N
10-7 30, 44

Wallstent 6,7,8,9,10 20, 30, 40 NA NA Closed SS

(Boston=Scientific)

XACT (Abott) 7,8,9,10 20, 30, 40 8-6 30, 40 Closed N
9-7 30, 40
10-8 30, 40

N, nitinol; NA, not applicable; SS, stainless steel.

Adapted from Henry et al. Carotid angioplasty and stenting under protection: techniques, indications, results, and limitations. Textbook of peripheral vascular
interventions, 2nd ed. London: Informa Healthcare;2008: 300-335, with permission of the publisher.
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Self-expandable stents notably do not appose the arterial wall as well as
balloon-expandable stents; therefore, 1 mm of diameter is typically added dur-
ing stent selection to accommodate for this difference.* Self-expandable stents
can be difficult to position because of forward slippage during deployment;
thus, cautious backward tension prior to deployment will help avert geographic
miss. Most operators in our lab choose to post-dilate with a short 5 or 6 mm
balloon (balloon size equal to the diameter of the internal carotid artery) at
nominal pressure. After stent placement, the embolic protection device and
wire are removed as a unit. Final angiography of the ipsilateral common and
internal carotid arteries, as well as of the anterior cerebral circulation, should
be performed to exclude embolization or vessel trauma.

Conclusion

e Carotid stenting is a safe and effective alternative to carotid endarterectomy
in patients with severe carotid artery occlusive disease and high surgical risk.®

o A thoughtful approach to patient selection and meticulous attention to pro-
cedural detail will pay dividends in patient outcomes.

Practical Pearls

e Meticulous attention to “de-airing” the system is critical during carotid or
intracranial interventions/angiography.

Always allow back bleeding through the Tuhoy-Borst® adapter after each
equipment exchange.

Limiting EPD dwell time to 30 minutes may help prevent device-related
complications.

Predilation of the lesion is typically necessary to allow passage of the stent
across the lesion.

A buddy wire technique or use of the Emboshield® cerebral protection sys-
tem may be useful in a tortuous or angulated carotid.

Right brachial access with an internal mammary artery guide may facilitate
carotid intervention in a type Il aortic arch.

Extreme caution in positioning self-expanding stents will dissuade geo-
graphic miss.

e Appropriate guide selection is paramount in difficult lesions.

o Assistance from a more experienced operator is invaluable.
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Chapter 11c

Lower Extremity Arterial
Interventions

Saif Anwaruddin and R. David Anderson

Lower extremity peripheral arterial disease (PAD) can be symptomatic or
asymptomatic in nature. That atherosclerosis is the pathological culprit is per-
haps no surprise, given that PAD shares several risk factors with coronary
artery disease, including age, male gender, hypertension, dyslipidemia, cigarette
smoking, and diabetes mellitus. Symptomatic lower extremity PAD most often
presents as intermittent claudication. It can manifest as rest pain—a poor prog-
nostic sign—which can advance to ulceration and limb loss. A patient’s symp-
toms depend on the anatomic level of obstruction. The prevalence of PAD
increases with age, from 8%—10% of those between the ages of 60 and 69 to
more than 18% in patients over the age of 70.

Lower extremity atherosclerotic disease can involve any anatomic seg-
ment from the iliac arteries proximally to the infrapopliteal vessels distally.
Claudication can be graded by the Fontaine or Rutherford classifications
(Table 11c.1a)." The Transatlantic Inter-Society Consensus (TASC Il) classi-
fication grades disease on the basis of lesion characteristics (Table 11c.1b).2
The approach to intervention, including access and equipment selection, will
depend on the extent and location of disease.

Patient Management

Prior to any intervention, the treatment of diabetes, hypertension, and dyslipi-
demia should be maximized. Patients should be on an antiplatelet therapy, such
as aspirin. Following percutaneous intervention, clopidogrel is recommended
for at least 4 weeks. At the time of the procedure, after access is obtained and
a sheath is placed, intravenous heparin is administered with a goal activated
clotting time (ACT) of greater than 250 seconds. There are emerging data
on substituting bivalirudin for heparin and for using adjuvant therapy, such as
glycoprotein lIb/llla inhibitors, during these procedures.’* As lower extremity
interventions can be prolonged, it is important to recheck the ACT periodically
and treat accordingly.
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Table 11c.1a Classification of symptomatic peripheral arterial

disease (PAD)

Fontaine classification of PAD

Stage | Asymptomatic

Stage lla Mild claudication (>200 M)

Stage IIb Moderate to severe claudication (<200 m)

Stage Ill Ischemic rest pain

Stage IV Tissue loss or ulceration

Rutherford Classification of PAD

Grade 0 Category 0 Asymptomatic
Grade 1 Category 1 Mild claudication
Grade 1 Category 2 Moderate claudication
Grade 1 Category 3 Severe claudication
Grade 2 Category 4 Ischemic rest pain
Grade 3 Category 5 Mild tissue ulceration
Grade 3 Category 6 Tissue loss/gangrene

Table 11c.1b TASC Il Classification of femoral popliteal lesions

TASC A
« Single stenosis <10 cm in length

« Single occlusion <5 cm in length
Endovascular therapy is the treatment of choice.

TASCB
* Multiple lesions each <5 cm (stenoses or occlusions)
« Single stenosis or occlusion <15 cm not involving the infrageniculate popliteal artery

« Single or multiple lesions in the absence of a continuous tibial vessel to improve
inflow for a distal bypass

* Heavily calcified occlusion <5 cm long
« Single popliteal stenosis
Endovascular therapy is the preferred treatment.

TASCC

* Multiple stenoses or occlusions totaling >15 cm in length, with or without heavy
calcification

« Recurrent stenoses or occlusions that need treatment after two endovascular
interventions

Surgery is the preferred treatment for good risk patients.

TASCD

« Chronic total occlusion of the common femoral artery or SFA >20 cm in length
involving the popliteal artery

« Chronic total occlusion of popliteal artery and proximal trifurcation vessels
Surgery is the treatment of choice.




Iliac Disease

Arterial access for iliac intervention depends on the location of the lesion.
Reviewing prior angiograms and/or computed tomography (CT) scans can be
helpful in deciding upon a strategy. Proximal common iliac artery disease can
be treated from an ipsilateral retrograde approach, whereas distal external iliac
disease should be treated using contralateral access and an antegrade approach.
Both ipsilateral and contralateral access may be required for chronic total
occlusions or for treatment of aortoiliac bifurcation disease. If unable to secure
access via the femoral artery, brachial arterial access may be considered.

Treatment of iliac artery disease initially consists of balloon angioplasty.
Provisional stenting is reserved for dissections, long or multifocal lesions,
chronic total occlusions, extensive calcification, poor runoff, or restenotic dis-
ease. Successful balloon angioplasty results in a narrowing of less than 30% or
in a translesional gradient of less than 5 mm Hg. Long-term patency rates of
greater than 70% at 5 years have been reported.>¢

For contralateral access, begin by placement of a 5 Fr sheath. A 5 Fr Judkins
right or an internal mammary artery diagnostic catheter can be used to obtain
access to the contralateral iliac artery. Once achieved, advance a 0.035-inch wire
(Wholey or angled Glide Wire) into the contralateral common femoral artery
(CFA\) or superficial femoral artery (SFA). These guidewires can be exchanged,
if needed, for a more supportive wire (Amplatz or Amplatz Superstiff) to allow
deployment of a cross-over sheath, such as a Balkin or Destination, into the
contralateral iliac artery. This technique can also be used to treat disease distal
to the iliac arteries.

Good long-term patency of iliac arteries has been documented with balloon
angioplasty alone; however, suboptimal balloon angioplasty of an iliac lesion
will require treatment with stent implantation. Characteristics such as lesion
location, access site, sheath size, side-branch patency, and proximity to the
CFA affect stent choice. Common iliac disease extending into the distal aorta
or with heavy calcification is typically treated with balloon-expandable stents.
These stents are sized in a 1:1 stent-to-artery fashion. Given their physical char-
acteristics and the tortuosity of the mid-iliac vessels, balloon-expandable stents
are generally avoided in mid-common and external iliac arteries. Self-expanding
stents are more commonly used in these locations. Disease involving or in
proximity to the CFA should be treated without stenting if at all possible. If
required due to suboptimal results, self-expanding nitinol stents are preferred
here owing to their flexibility. They may occasionally be used in tortuous vessels
or in cases of contralateral access, where tracking larger balloon-expandable
stents may be challenging. When using self-expanding stents, it is preferable
to upsize stent diameter by 1 mm for any given vessel size. Postdilatation is
more often necessary with self-expanding stents than with balloon-expandable
stents. It is important to note when deploying self-expanding stents that exact
placement of the stent may be challenging given the need to unsheath these
devices during deployment (Fig. 11c.1a,b).
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Figure 11c.1 lliac artery disease. (A) Aortoiliac angiogram demonstrating severe
disease of the right external iliac artery. Previous stent noted in the right common iliac
artery. (B) Right external iliac artery following balloon angioplasty and stenting. Previous
stent is noted in the right common iliac artery.

Femoropopliteal Disease

For CFA disease, consideration must be given to the choice between percu-
taneous and surgical treatment. If percutaneous therapy is warranted, access
should be obtained via the contralateral side using the cross-over technique
described earlier. Ideally, one should avoid stenting the CFA. This can lead to
a high rate of stent fracture or restenosis, due to a high degree of flexion and
extension of the hip joint. This also limits future percutaneous and surgical
access. Balloon angioplasty alone or atherectomy devices to debulk lesions (see
Table 11c.2) in the CFA are the preferred strategies to avoid the use of a stent.
If stenting is necessary, consideration should be given to self-expanding nitinol
stents (Fig. 11¢.2).

To properly treat symptomatic disease of the SFA, it is important to under-
stand the anatomy of the vessel as it courses below the femoral head, down
into the adductor canal, and toward the popliteal fossa. Lateral and posterior
to the SFA, the profunda femoral artery branches off the CFA. The importance
of the profunda branch is in often providing collateral supply to a proximally
occluded SFA. Compromise of the profunda femoral artery should be avoided
at all costs.’

Arterial access for treating SFA disease is obtained by contralateral access
and crossing over, as described earlier, specifically favoring a 7 Fr system. Other
options include ipsilateral access using an antegrade approach, an upper extrem-
ity approach as noted previously, or less commonly, a retrograde approach
from the popliteal, dorsalis pedis, or posterior tibial arteries. The ipsilateral
antegrade approach may be used when the aortoiliac anatomy precludes a con-
tralateral cross-over approach (Fig. 11c.3). Once access is obtained, intrave-
nous heparin should be administered, as previously described.



Table 11c.2 Atherectomy devices

« Rotational Atherectomy (Boston Scientific)

« Silverhawk Atherectomy (Fox Hollow Technologies/eV3)

« Diamondback Orbital Atherectomy (Cardiovascular Systems Inc.)
* Jetstream G2 Atherectomy (Pathway Medical Technologies)

« Peripheral Atherectomy Catheter — PAC (Arrow International)

« Laser Atherectomy (Spectranetics)
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Figure 11c.2 Right common femoral artery stenosis. In this case, an atherectomy
device was used to treat the lesion.

Figure 11c.3 Femoral artery stenosis. (A) Left superficial femoral artery stenosis. (B)
Left superficial femoral artery lesion treated with balloon angioplasty and a 7 X 40 mm
self-expanding stent (Glide Wire still in place).
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Guidewire placement in the SFA can be accomplished using a 0.035-inch
Wholey wire or a hydrophilic Glide Wire. A Glide catheter can be used to
provide support. Balloon angioplasty is carefully performed to avoid arterial
dissection. Stent revascularization of the SFA with self-expanding nitinol stents
has been considered to be superior to balloon angioplasty, but a recent meta-
analysis questions this strategy.® Stenting should be reserved for lesions longer
than 5 c¢m, dissection, multiple stenoses, heavy calcification, and treatment of
restenosis.” The primary concern with the use of stents in the SFA is stent frac-
ture. The use of atherectomy devices is also an option that can be considered
when trying to avoid stent placement, and several devices are available for use
(Table 11c.3).

Infrapopliteal Disease

Disease below the level of the popliteal artery requires a well thought-out
approach prior to intervention. Treatment of these vessels is usually reserved
for limb ischemia, as patency rates are lower." Consideration should be given
to revascularization of the branches that supply the majority of the distal

Table 11c.3 Complications of lower extremity interventions

Complication Initial Evaluation = Treatment Comments
and Management
Dissection Assess if dissection is  If flow-limiting, Type of stent to
flow-limiting; if not, ~ prolonged balloon  be used should
then nothing further  inflation + stenting  be determined by
may be necessary. anatomic level of
dissection.
Perforation Discontinue/reverse  Covered stent Watch closely for
anticoagulation, required if bleeding signs of compartment
fluid resuscitation does not stop after syndrome,
(if necessary), initial management  necessitating surgical
prolonged balloon intervention.
inflation.
Thrombosis Ensure no underlying Mechanical
dissection as a cause. thrombectomy,
thrombolysis
Vasospasm Ensure no underlying Intra-arterial More common
dissection as a cause. nitrates and with infrapopliteal
calcium channel interventions
blockers
Distal No-reflow or Pharmacological In lesions with heavy
embolization vessel cutoff during  vs. mechanical thrombus burden
procedure aspiration consider use of
depending on size  embolic protection
device. For large
embolization, surgical
intervention may be
required.




extremity. Approach can be a contralateral cross-over approach or an ipsi-
lateral antegrade approach for more distal infrapopliteal disease. Typically, for
infrapopliteal interventions, a 0.014-inch wire is used to cross the lesion, and
coronary balloons are used for dilation. Stenting at this level should be reserved
for complications, such as dissections or residual stenosis. There are small stud-
ies demonstrating the efficacy of drug-eluting coronary stents over bare metal
stents for bail-out stenting.”

Complications

Please see Table 11c.3 for special issues related to managing complications of
lower extremity interventions.

Conclusion

e Interventions performed on symptomatic lower extremity arterial dis-
ease require careful planning regarding decisions about access site and
equipment.

e The level of obstructive disease, in addition to other lesion characteristics, will
help to determine the percutaneous strategy used for an individual patient.

Practical Pearls

e Planning ahead, with an understanding of both the symptom and lesion clas-
sification, as well as your anticipated interventional strategy, will minimize
procedural difficulties.

o Always check equipment stock pre-procedure to be certain that balloons,
stents, wires, catheters, and sheaths of the appropriate diameters and lengths
are available.

e When performing aortoiliac interventions, avoid antithrombotic agents that
cannot be reversed in the event of a misadventure such as perforation.

o Be certain to have on hand equipment needed for bail-outs, such as a large
(12-14 mm) balloon for distal aortic occlusion and covered stents.

o Always maintain adequate anticoagulation and confirm activated clotting time
(ACT goal >250 sec) if using heparin. Repeat check every 3045 minutes for
prolonged procedures and re-dose as necessary.

o There is nothing wrong with an adequate balloon result.
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Chapter 12a

Atrial Septal Defect/Patent
Foramen Ovale Closure

Ryan D’Souza and Bernhard Meier

An atrial septal defect (ASD) is a lesion in the interatrial septum. It is a com-
mon form of congenital heart disease and accounts for 10% of all congenital
heart diseases.! There are three types of ASDs (ostium secundum, ostium pri-
mum, and sinus venosus), each with different anatomical or clinical features and
therapeutic options. Although surgical therapy remains the standard treatment
for the latter two defects, percutaneous closure of secundum ASD is a safe
alternative,? and the therapy of choice for ASDs up to 30 mm in size.

The foramen ovale is a valve-like opening of the interatrial septum during
intrauterine life. The interatrial septum is made from two overlapping embryo-
logical structures, the left-sided partially fibrous septum primum and the right-
sided muscular septum secundum. These grow from the periphery to the
center, leaving a central opening, called the foramen ovale, with the septum
primum serving as a one-way slit valve for physiological right-to-left shunt dur-
ing in utero development. The blood flow from the umbilical vein entering
the right atrium through the inferior vena cava bypasses the collapsed lungs,
keeping the foramen ovale open until after birth. The postnatal enhancement
of the pulmonary circulation leads to a decrease of the right atrial pressure to a
level below left atrial pressure. This results in functional closure of the foramen
ovale by apposition of the septum primum against the septum secundum. In the
ensuing months, the caudal portion of the septum primum on the left side and
the cranial portion of the septum secundum on the right side fuse permanently.
Autopsy studies have shown that the foramen ovale remains patent in about
one-quarter of the general population.?

Atrial septal aneurysm (ASA) is the term used to describe a congenital
abnormality of the interatrial septum characterized by a redundant, muscular
membrane in the region of the fossa ovalis. It is one of the reasons why the
patent foramen ovale (PFO) persists. The prevalence of ASA in the general
population was about 1% in autopsy series,** and 2.2% in a population-based
transesophageal echocardiographic (TEE) study.” An ASA is associated with a
PFO in 50%-85% of cases, which constitutes a three- to five-fold increased risk
for recurrent embolic events compared to patients with PFO alone.®
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Indications for Atrial Septal Defect/Patent Foramen
Ovale Closure

Secundum ASDs associated with echocardiographic findings of right atrial and
ventricular volume overload or catheterization findings of a pulmonary-to-sys-
temic flow ratio (Qp:Qs) of greater than 1.5:1 need to be closed for hemody-
namic reasons. Atrial septal defects may cause paradoxical embolism, which is
another reason to close them. Small ASDs are easier to close, to compensate
for the less compelling indications.

Patent foramen ovales are increasingly recognized as potential mediators
of several disease manifestations, in addition to paradoxical embolism, which
is the most important®'* (Table 12a.1). At present, the most restrictive indica-
tions for PFO closure are applied in the United States, with the sole accepted
U.S. Food and Drug Administration (FDA) indication being failed medical treat-
ment for secondary stroke prevention.

Closure Devices

Various devices are available for percutaneous ASD closure (Fig. 12a.1).
The only two FDA-approved devices for percutaneous ASD closure are the
Amplatzer Septal Occluder (ASO) (AGA Medical Corporation, Plymouth, MN)
and the Gore Helix device (WL Gore & Associates, Flag Staff, AZ). We rou-
tinely use the ASO device (Table 12a.2).

Anatomic and physiological differences between PFO and ASD led to devel-
opment of devices specifically meant for percutaneous PFO closure (Fig. 12a.2).
We predominantly use the Amplatzer PFO Occluder (APFO) (AGA Medical
Corporation, Plymouth, MN) (Table 12a.3). Using the current generation of
devices, complete closure rates of more than 90% of cases can be expected.'®

Technique

Every patient should undergo TEE (Figs. 12a.3 and 12a.4) prior to intervention
for initial diagnosis of the defect and detailed evaluation of the anatomy. The
actual percutaneous ASD/PFO closures can be performed under local anesthe-
sia, using only fluoroscopic guidance. Although most centers perform percuta-
neous ASD/PFO closure under TEE" or intracardiac echocardiography (ICE)'®
guidance, we do not advocate this for various reasons’ (Tables 12a.4, 12a.5).
Complications of ASD/PFO closure® (Table 12a.6) depend on experience of
the operator, type of device used, and characteristics of the defect.

The patient is adequately anticoagulated with unfractionated heparin. A
venous access is gained via the right femoral vein.



Table 12a.1 Conditions associated with patent foramen ovale

« Paradoxical embolism’

« Orthostatic desaturation in the setting of the rare platypnea—orthodeoxia
syndrome

. Refractor%l hypoxemia due to right to left shunt in patients with right ventricular
infarction' " or severe pulmonary disease

» Neurological decompression illness in divers'?

« Migraine with aura'
* Transient global amnesia
* Obstructive sleep apnoea1

« High-altitude pulmonary edema’

4
5

StarFlex (CardioSeal) Sideris COD (Center On Demand)
Self-centerging Nitinol Threads

Figure 12a.1 Selected percutaneous atrial septal defect closure devices. The manu-
facturers are imprinted on the pictures.

Table 12a.2 Spe cs of Amplatzer Septal

Occluder device

« Self-expanding and self-retaining double-disk device

* Manufactured from 0.005-inch nitinol wire

» Two expandable round disks with a 4-mm-long connecting waist

« Polymer fabric patch is sewn into the left and right atrial disks and the connecting
waist to enhance tissue ingrowth.

« Fully recoverable and repositionable when attached to the delivery cable

« Available in sizes ranging from 4 to 42 mm

« Size is indicated by the diameter of the waist.

* Left disk is larger than the right disk.

« Delivery system consists of pusher cable, loader, and delivery sheath (6—13 Fr)

b
v
2
-
a
=
[
Nd
(-9
-]
(%]
=
=
S
b
<<
<<
o~
o<
L
=
o
<
dg
(@)




CHAPTER 12A Atrial Septal Defect

220

INTRASEPT Amplatzer PFO Occluder Figulla PFO Occluder

Helx Septal Occluder

Right Atrial  lether
Anchor —__ \,
Lock LAY

Delivery .~
System™= !
Delivefy System

Release Mechanism __St-Jude

Figure 12a.2 Selected percutaneous patent foramen ovale closure devices. The
manufacturers are imprinted on the pictures.

Table 12a.3 Specific characteristics of Amplatzer Patent
Foramen Ovale Occluder device

« Manufactured from 0.005-inch nitinol wire

« Polyester fabric patch sewn into both disks

« Left atrial disk is smaller than or equal to the right disk.

« Thin flexible waist connects the two retention disks.

« Available in 18, 25, 30, 35, and 40 mm sizes

« Dominant right atrial disk measures 25 and 35 mm.

» Nondominant left atrial disk measures 18 and 22 mm, respectively.
« Fits through 8 or 9 Fr delivery sheath

Figure 12a.3 Transesophageal echocardiography showing an atrial septal defect
between the arrows, functionally proved by a washout zone in the adjacent right atrium
(RA) during a bubble test. LA, left atrium.



Figure 12a.4 Transesophageal echocardiography proving a patent foramen ovale
by passage of aerated saline appearing as bubbles (left) and as a Doppler shunt (right)
through a patent foramen ovale after a Valsalva maneuver. Patency of the foramen ovale
can be semiquantitatively assessed by counting the number of bubbles in the left atrium
on a still frame: small shunt (0-5 bubbles), moderate shunt (6-20 bubbles), large shunt
(>20 bubbles). LA, left atrium; RA, right atrium.

Table 12a.4 Disadvantages of intraprocedural transesophageal

echocardiography

« Prolongs procedure time

* Poorly tolerated by supine patients

« Risks associated with sedation/general anesthesia

« Intubation may be required to prevent bronchial aspiration

Table 12a.5 Disadvantages of intraprocedural intracardiac

echocardiography

* Prolongs procedure time

« Costly

« Increases the invasive risk (second access, rigid, unguided intravenous catheter)

Atrial Septal Defect Closure

The ASD is crossed under fluoroscopic guidance in the anteroposterior (AP)
view, using a J-tip standard length 0.035-inch guidewire, and, if required, the
help of a 6 Fr multipurpose catheter or similar device (Fig. 12a.5). Balloon sizing
of the ASD using an AGA Amplatzer sizing balloon is done in the projection
that best separates the two distal closely spaced markers (Fig. 12a.6). This con-
firms that the balloon is being viewed perpendicularly and is not foreshortened.
The distance between the leading edge of the proximal marker and the leading
edge of the first distal marker is 15 mm for reference. The balloon is inflated
with diluted contrast medium until a waist is seen on both sides. It should not
be overinflated, to avoid tearing the septum (Fig. 12a.7). If echocardiography
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Table 12a.6 Complications or failures of percutaneous atrial

septal defect/patent foramen ovale (ASD/PFO) closure

Thrombus formation on device

No risk acutely if procedural time short

and patient adequately anticoagulated.
Mostly seen with Cardio SEAL device (NMT
Medical, Boston, MA) in initial months.

Tear of atrial septum

Avoid overstretching sizing balloon.

Device migration

Infrequent and mostly not life-threatening.
Can be retrieved in the catheterization
laboratory or operating room.

Cardiac perforation

Incidence is 0.1%.2°

Residual shunts

Mostly small and hemodynamically
insignificant. Devices may act as clot
filters. If large, can be treated by a repeat
procedure.

Complications related to vascular
access such as hematomas,
arteriovenous fistulae, and false
aneurysms

Avoid an arterial puncture.

Figure 12a.5 Placement of an Amplatzer Septal Occluder. Step 1: The atrial septal
defect is crossed under fluoroscopic guidance in the anteroposterior view, using a

guidewire or a curved catheter.




Figure 12a.6 Placement of an Amplatzer Septal Occluder. Step 2: Balloon-sizing of
the atrial septal defect using AGA Amplatzer sizing balloon in the projection which best
separates the distal two closely spaced markers on the balloon (arrows).

3 mm

Figure 12a.7 Placement of an Amplatzer Septal Occluder. Step 3: The diameter of
the waist of the sizing balloon indicates the stretched diameter of the defect.
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is used, the balloon is inflated until a Doppler shunt across the defect ceases
(stop-flow technique). An Amplatzer Septal Occluder device 20%-50% larger
than the balloon stretched diameter of the ASD is selected. More oversizing
is needed in case it is difficult to stabilize the inflated balloon, which indicates
flimsy rims. The device is prepared before introducing the sheath to reduce
the indwelling time of the sheath. The device is screwed onto the pusher cable,
loosened by unscrewing by a fraction of a turn, and drawn into the loader
sheath under water to avoid air entrapment. The tip of the device is kept peek-
ing out of the loader by a few millimeters to avoid air entrapment while con-
necting it to the sheath (Fig. 12a.8).

The delivery sheath, along with its dilator, is advanced over the guidewire
until the tip of the sheath is at the entrance of a pulmonary vein or the left atrial
appendage (Fig. 12a.9). To prevent air from being sucked in while removing the
dilator, the delivery sheath at its proximal exit is kept lateral to the patient’s
thigh, below the level of the heart. Further, as the dilator of the sheath is pulled
back, the guidewire is kept in the left atrium. This prevents wedging of the end
hole of the delivery sheath against the wall and allows blood to follow the
receding dilator, filling the void and preventing inadvertent aspiration of air.
After the dilator and guidewire are removed, the loader is connected to the
delivery sheath and the device is advanced under fluoroscopic guidance in the
AP view to the left atrium, by advancing the pusher cable. Before exiting the
sheath, ascertain that the device is correctly screwed onto the pusher cable
(Fig. 12a.10). The left atrial disk, along with the connector and a small part of
the right disk, is then deployed in the left atrium, under fluoroscopy in the left

Device peeking out to avoid air when connecting

Figure 12a.8 Placement of an Amplatzer Septal Occluder. Step 4: Device within the
loader ready for connection with the delivery sheath.



Figure 12a.9 Placement of an Amplatzer Septal Occluder. Step 5: The delivery
sheath along with the dilator is introduced on the guidewire into the left atrium.

Figure 12a.10 Placement of an Amplatzer Septal Occluder. Step 6: Ascertain that the
device is properly screwed onto the pusher cable before exiting from the sheath (left).
The two images on the right show that the device was unscrewed from the pusher cable.

anterior oblique (LAO) projection (Fig. 12a.11). Deployment of a small part
of the right atrial disk ensures that the device is pulled through the center of
the defect, thereby preventing prolapse of the left upper disk before the right
disk is positioned. The entire system is withdrawn until the left atrial disk leans
against the left atrial side of the atrial septum. The tip of the sheath is then
further withdrawn (Fig. 12a.12), following which the right atrial component of
the device is fully expanded in the right atrium (Fig. 12a.13). Gentle wiggling
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Figure 12a.11 Placement of an Amplatzer Septal Occluder. Step 7: The left atrial
disk, the connector, and a small part of the right disk are deployed deep within the
left atrium.

Figure 12a.12 Placement of an Amplatzer Septal Occluder. Step 8: The entire
system is withdrawn until the left atrial disk abuts against the cranial left atrial side of the
septum. The caudal part of the right disk is not yet in the right atrium in this picture. The
septum is indicated by the dashed lines.




Figure 12a.13 Placement of an Amplatzer Septal Occluder. Step 9: The right atrial
disk is now fully in the right atrium.

is performed to ensure device placement in a stable position. Potential air is
purged from the sheath, and a right atrial contrast angiogram is done through a
Y connector plugged onto the delivery sheath, to delineate the right atrial sep-
tum (Fig. 12a.14). Following the contrast medium through to the levophase, the
left atrial septal border can also be assessed. If echocardiography is used, the
passage of the septum between the disks is checked. The delivery wire is then
unscrewed and the device released. The delivery sheath is used for a final con-
trast medium injection (Fig. 12a.15), which is again followed to the levophase to
delineate the left atrial contour and disk placement.

Patent Foramen Ovale Closure

After gaining venous access through the right femoral vein, the PFO is crossed
under fluoroscopic guidance in the AP view using a J-tip standard length 0.035-
inch guidewire alone, or, if required, with the help of a 6 Fr multipurpose or
similarly shaped catheter. Occasionally (small PFO), the J-tip of the wire has
to be straightened before it will cross the defect. Balloon sizing is not used, as
the maximal opening of the flaplike PFO is not crucial for successful closure
(in addition, there is a finite risk of the measuring balloon tearing the thin
septum primum). A 25 mm Amplatzer PFO Occluder is routinely selected for
most cases, except for tiny PFOs with extremely low mobility (18 mm), or
very long tunnels and large PFOs with flimsy rims, in which large occluders
are used in about 5% of cases. In contrast to ASD closure, only the left atrial
disk is deployed into the left atrium (Fig. 12a.16) before the device and sheath
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Figure 12a.14 Placement of an Amplatzer Septal Occluder. Step 10: A right atrial
contrast angiogram delineates the atrial septum (dashed lines). The device should be
visualized in perfect profile without any disk overlap. The device is then released.

Figure 12a.15 Placement of an Amplatzer Septal Occluder. Step 11: Final contrast
angiogram after the device is released.



Figure 12a.16 Placement of an Amplatzer PFO Occluder. Step 1: The patent
foramen ovale is crossed, and the delivery sheath introduced as illustrated in Figures
12a.5 and 12a.9. The left disk of the Amplatzer PFO Occluder is released deep in the
left atrium.

are gently pulled back together as a unit against the atrial septum under fluo-
roscopy in a LAO projection (Fig. 12a.17). The right atrial disk is deployed
by maintaining tension on the pusher cable while further withdrawing the
delivery sheath (Fig. 12a.18). The Pacman sign,*' refers to the position of the
device, which should be ascertained on fluoroscopy, or echocardiography if
used, before release (Fig. 12a.19). After verification of correct position and
stability of the device, a right atrial contrast angiogram is done to delineate
the atrial septum (Fig. 12a.20). Ideally, the levophase is also filmed. The device
is wiggled to check for stability and then released by unscrewing the pusher
cable in counterclockwise fashion. A final contrast injection is done and fol-
lowed until the levophase to delineate the left atrial contour and disk place-
ment (Fig. 12a.21).

After the procedure, the sheath is removed, and hemostasis is achieved by
manual compression of the venous puncture, which can easily be accomplished
by the patient himself. One dose of antibiotic is administered in the catheteri-
zation laboratory, followed by one or two more doses over the next 12 hours,
although the use of antibiotics is not supported by evidence. Acetylsalicylic acid
(ASA, aspirin) (100 mg once daily) for 5 months and clopidogrel (75 mg once
daily) for 1 month is prescribed for antithrombotic protection.

A transthoracic contrast echocardiogram is done before discharge to docu-
ment correct and stable position of the device. A contrast TEE is repeated
after 6 months, ideally 1 month after stopping therapy to assess the freedom of
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Figure 12a.17 Placement of an Amplatzer PFO Occluder. Step 2: The sheath and
device are pulled back as a unit against the septum.

Figure 12a.18 Placement of Amplatzer PFO Occluder. Step 3: The right atrial disk is
unfolded in the right atrium.



Figure 12a.19 Placement of an Amplatzer PFO Occluder. Step 4: The Pacman sign

is a reliable marker for correct device position prior to release. The device appears to
bite into the thick, muscular septum secundum (ss) cranially (left), while the disks are less
separated by the paper thin septum primum (sp) caudally (right). This feature is reminis-
cent of the vintage arcade game figure Pacman® about to gobble up a dot (on the right).

Figure 12a.20 Placement of an Amplatzer PFO Occluder. Step 5: A right atrial
contrast angiogram delineates the atrial septum and correct position of device before
release.
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Figure 12a.21 Placement of an Amplatzer PFO Occluder. Step 6: Final contrast
angiogram after the device is released.

thrombus without platelet inhibitors. Small residual shunts may be left as the
device filters out particles. In case of a significant residual shunt, implantation of
a second device is recommended, which results in complete closure in about
90% of such cases.

Future Developments

Newer devices being investigated for percutaneous ASD or PFO closure are
bioabsorbable devices, or device-free techniques (PFO only) to avoid perma-
nent foreign bodies in the heart. However, resorbable devices harbor the risk
of recurrent shunts and embolization of fragments.

The CIERRA PFx closure system was a percutaneous system that employed
radiofrequency energy to close the PFO by welding the septum primum and
septum secundum together, thus avoiding the need for an implantable device.
The device was plagued by low feasibility and high residual shunt rates, requir-
ing subsequent device closure. It has been retracted from use. Other develop-
ments include similar ideas and transcatheter suture systems.

Conclusion

e Percutaneous ASD closure has been around for almost 35 years, preceding
coronary angioplasty.



e Large ASDs need to be closed, and the majority can be closed
percutaneously.

o Small ASDs should also be closed, because they harbor the risk of paradoxi-
cal embolism and are easy to close percutaneously.

o Percutaneous closure of a PFO has a high success rate at a very low risk.

o Although there is no randomized proof, PFO closure is sure to yield a net
clinical benefit, given time.

o Patent foramen ovales can be closed with a variety of devices.

o The Amplatzer Occluder provides optimal ease of use and results.

Practical Pearls

e For percutaneous closure of simple ASDs and PFOs, echocardiographic guid-
ance is not necessary and omitting it shortens the procedure and reduces
risk.

e In the absence of echocardiography, assessment of position in a fluoroscopic
view perfectly separating the two disks is essential.

o Percutaneous PFO closure can be learned from an expert in five to ten

cases.

The result seen a few months after the procedure is definitive; late closures

are extremely rare.

o A PFO may not be alone (one hole each in both edges of the PFO slit, for
instance).

o A marked atrial septal aneurysm is a cause for a PFO, renders it more danger-

ous, and is often associated with one or several small ASDs.

The eustachian valve is another cause for and risk factor of a PFO.

The eustachian valve may prevent bubbles injected from the arm to pass

through a PFO and therefore can be a reason for missing the diagnosis of

the PFO.
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Chapter 12b
Ethanol Septal Ablation

Srihari S. Naidu

Previously thought a rare disorder, hypertrophic cardiomyopathy (HCM) is
present in 1in 500 of the population. Symptoms may be vague for many years,
reaching clinical significance only once heart failure, syncope, angina, palpita-
tions, or sudden cardiac arrest develop." About half of patients do not have left
ventricular outflow tract obstruction, whereas 25% have resting obstruction
and an additional 25% have obstruction only with provocation.? The presence
of obstruction has been linked to worse long-term survival and higher symp-
tomatic status.?

Medical therapy with negative inotropic agents improves symptoms in one-
half of patients." The remainder, roughly 10% of the total HCM population,
are a target for invasive therapy. Surgical myectomy has been the gold stan-
dard invasive therapy in experienced centers.* However, some patients are not
candidates due to advanced age, comorbidity, previous cardiac surgery, poor
motivation, a strong desire to avoid open heart surgery, or lack of local exper-
tise in the procedure. In 1994, the first ethanol septal ablation procedure was
performed, whereby absolute alcohol was used to induce a localized infarction
of the basal septum at the point of anterior mitral valve coaptation, thereby
reducing outflow tract gradient and consequent mitral regurgitation (MR).°
Since then, the procedure has been disseminated widely, with outcomes in
appropriately selected patients similar to myectomy.®

Patient Management

Patient Selection

Patients must meet specific clinical, echocardiographic, and angiographic crite-
ria (Table 12b.1). Since invasive therapy is only warranted for refractory symp-
toms despite medical therapy, patients must be on optimal medical therapy
at the time invasive therapy is considered. Patients who remain in New York
Heart Association (NYHA) heart failure Class IIl/IV or Canadian Cardiovascular
Society (CCS) Angina Class Ill/IV are candidates.”® In rare instances, patients
with lower NYHA or CCS Class may be candidates to treat recurrent gradient-
related syncope.
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Table 12b.1 Indications and contraindications for ethanol

septal ablation

Clinical Accepted: NYHA Class llI-1V or CCS Angina Class llI-IV
refractory to optimal medical therapy

Reasonable: Recurrent syncope or pre—syncope, refractory
paroxysmal atrial fibrillation with clinical decompensation during
episodes

Contraindicated: Symptoms can be reasonably attributed to
alternate diagnosis, i.e., severe obesity or other comorbidity

Echocardiographic  Accepted: Asymmetric septal hypertrophy >1.3:1, Systolic
anterior motion (SAM) of the anterior mitral valve leaflet,
outflow tract gradient at basal septal of >30 mm resting and/
or >50-60 mm provocable, posteriorly—directed mitral
regurgitation
Reasonable: Midcavitary obstruction, relatively severe septal
thickening >2.5 cm
Contraindicated: Intrinsic pathology of mitral valve apparatus
and/or papillary muscles that requires surgical correction,
concomitant cardiac disease that requires surgery (i.., aortic
stenosis), severe septal thickening >3.0 cm

Angiographic Accepted: Septal perforator >1.5 mm in diameter that serves
the target myocardium, as determined by intra—procedure
myocardial contrast echocardiography (MCE)

Reasonable: Vigorous septal milking (consider cutting balloon
technique)

Contraindicated: Concomitant multivessel coronary disease that
independently meets indications for coronary artery bypass
grafting (CABG)

(Note: Patient must meet clinical, echocardiographic, and angiographic criteria.)

NYHA, New York Heart Association; CCS, Canadian Cardiovascular Society.

Echocardiographic criteria include basal septal wall hypertrophy of greater
than 16—18 mm at the coaptation point of systolic anterior motion (SAM) of the
mitral valve, asymmetric septal hypertrophy (ASH) (ratio of septum-to-poste-
rior wall thickness >1.3:1), and concomitant SAM-related MR that is uniformly
posteriorly directed (Fig. 12b.1).® The presence of central, anteriorly directed,
or multiple-jet MR should prompt evaluation for an alternate etiology.? In most
cases of significant MR, a transesophageal echocardiogram is required to con-
firm MR as SAM-related (Fig. 12b.2). A resting gradient of greater than 30 mm
Hg and/or a provocable gradient more than 50-60 mm Hg must be document-
ed.! Ideal candidates have focal basal hypertrophy or a “septal bulge” easily
amenable to targeted alcohol infusion, leaving behind no additional areas for
potential obstruction. Relative contraindications include severe septal thicken-
ing of greater than 30 mm and diffuse thickening extending into the mid-cavity
(mid-cavity obstruction). Echocardiography should also evaluate for anomalous
papillary muscles, redundant chords, subvalvular or supravalvular membranes,
and abnormal papillary or chordal attachments (particularly to the basal sep-
tum) that would necessitate open surgical repair."®



Figure 12b.1 Hypertrophic obstructive cardiomyopathy. Transthoracic echocardio-
graphic parasternal long axis view shows asymmetric septal hypertrophy (ASH), systolic
anterior motion of the anterior mitral valve leaflet (SAM), and likely resultant posteriorly
directed mitral regurgitation (not shown).

Figure 12b.2 Mitral regurgitation. Transesophageal echocardiography is necessary

in patients with moderate to severe mitral regurgitation, in order to assess etiology of
mitral regurgitation (MR). Mitral regurgitation due to hypertrophic obstructive cardio-
myopathy and systolic anterior motion of the mitral valve results in posteriorly directed
MR. Turbulence to flow in the outflow tract that divides into two separate jets (one into
the aorta and the other posteriorly directed into the left atrium) results in the classic “Y”
sign, indicating that MR is solely related to hypertrophic obstructive cardiomyopathy and
is likely to respond to septal reduction therapy.
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A thorough right and left heart catheterization while the patient is on opti-
mal medical therapy should be performed. Alternative etiologies for the symp-
toms should be assessed, including pulmonary hypertension, severe volume
overload, valvular disease, intracardiac shunts, and coronary disease. If a surgi-
cal indication is found, concomitant surgical myectomy should be the preferred
treatment modality. Dynamic resting and provocable gradients are confirmed,
the latter by premature ventricular contraction (Brockenbrough maneuver, Fig.
12b.3), Valsalva maneuver, or combination of the two.” Coronary angiography
should pay particular attention to the presence or absence of septal perfo-
rators that enter the basal interventricular septum. The number, caliber, and
length of septal perforators should be recorded (Fig. 12b.4). Perforators of at
least 1.5 mm diameter are required for ethanol septal ablation.

Technique

Table 12b.2 lists the equipment necessary for successful ethanol septal abla-
tion. Two transducers are required for simultaneous left ventricular (LV) and
aorta pressure. It is important to document the highest resting and provocable
gradient prior to the ablation, as success is determined by a greater than 50%
reduction in gradient.®'* A 5 Fr temporary pacemaker is next advanced into the
right ventricular (RV) apex and set for backup pacing. It is imperative that the
pacer reach the RV apex, away from any potential infusion of alcohol. A guide
catheter is chosen based on prior left heart catheterization, and advanced to
the left main. Care must be taken to choose a guide with sufficient backup (e.g.,
XB or EBU), as the alcohol ablation procedure is performed through an inflated
balloon without a wire in place.
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Figure 12b.3 Brockenbrough maneuver. Simultaneous left ventricular and aortic
pressure tracings evidence a dynamic gradient. After a premature ventricular contrac-
tion, the subsequent tracing shows a rise in gradient and fall in pulse pressure, the
classic Brockenbrough maneuver. A resting gradient of approximately 90 mm Hg rises
to >200 mm Hg on provocation.



Figure 12b.4 Left coronary angiography. Right anterior oblique (RAQO) cranial projec-
tion of left coronary angiography reveals the left anterior descending artery with multiple
septal perforators. Two large septal perforators are shown and are possible candidates
for ethanol septal ablation.

Table 12b.2 Required equipment for ethanol septal ablation

1. Two-transducer set-up to measure outflow tract gradient

2. Right heart catheter (Swan-Ganz)

3. Transvenous pacemaker

4. Left coronary guide catheter with appropriate back-up (6 Fr standard)
5. Pigtail catheter (5 Fr)

6. Long workhorse wire (operator’s preference)

7. Anticoagulation (unfractionated heparin or bivalirudin)

8. Sedation and/or analgesia (i.e., morphine or versed)

9. Short (6—10 mm ) over-the-wire balloon, 25% greater diameter than septal
perforator

10. Echocardiographic or angiographic contrast

11. Two 5 cc vials of 98% ethanol (desiccated)

12. Standard arterial and venous femoral sheaths

13. Standard angioplasty equipment (i.e., Indeflator, insertion tool)

14. Transthoracic (standard) or intracardiac (advanced) echocardiography

15. Closure device (optional, i.e., Angio-Seal)

16. Over-the-wire cutting balloon in small diameter (2-2.5 x 6 mm) (optional)

The patient is anticoagulated with heparin (activated clotting time [ACT]
> 250) or bivalirudin. Using a long workhorse wire (e.g., Asahi Soft or BMW),
the presumed optimal septal perforator is wired and the wire tip placed as dis-
tally as possible. The stiff part of the wire must be at least 1 cm past the origin
of the septal perforator to allow proper balloon positioning. A short (69 mm
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length) over-the-wire balloon approximately 25% larger in caliber than the per-
forator is placed in the proximal segment 1 mm past the ostium (Fig. 12b.5). An
echocardiographic technician must be in position to check both parasternal and
apical views of the basal septum. Since balloon inflation produces angina, mor-
phine and/or versed should be available. The balloon is inflated to low atmo-
sphere (typically 46 atm), the wire removed, and contrast injected through the
central lumen. On echocardiography, the basal septum at the point of mitral
valve contact should become echogenic, indicating appropriate opacification
of the target myocardium. Fluoroscopy must document antegrade flow down
the septal artery, lack of reflux into the left anterior descending (LAD) artery,
and lack of distal flow into other territories, particularly the right posterior
descending artery (PDA). If fluoroscopy shows reflux or distant vessel flow,
or the echocardiogram fails to reveal opacification of target myocardium (or
reveals opacification of distant sites such as the RV free wall, moderator band,
or papillary muscle), then ablation is aborted. An adjacent septal perforator, if
available, may be attempted. Figure 12b.6 shows acceptable myocardial con-
trast echocardiography (MCE).

If the perforator serves the appropriate area by MCE, 1-3 cc of ethanol
is infused at a rate of 1 cc/min. Electrocardiogram (EKG) changes consistent
with anterior ischemia may be noted, and the patient may develop chest pain.
Morphine and/or versed may be given. During ethanol infusion, LAD angiogra-
phy must document continued normal antegrade flow. Diminished flow indi-
cates reflux of alcohol and mandates aborting the procedure. In addition, the
patient may develop complete heart block. After ethanol, 0.5 cc of saline is
infused through the lumen to clear the catheter of residual ethanol, the balloon
is left inflated for an additional 5 minutes, and then removed.

Valsalva and/or Brockenbrough maneuvers should be repeated to document
post-procedure resting and provoked gradients. If a 50% reduction in both rest-
ing and provoked gradients is obtained, or residual gradient is less than 30
mm Hg, the procedure is deemed successful.? Such reductions, especially if the
residual gradient is less than 30 mm Hg, result in continued gradient reduction
due to LV remodeling. If 50% reduction is not obtained, a second septal perfo-
rator may be interrogated and ablation performed if acceptable."

Procedural Complications and In-hospital Care

Current procedural complications (exclusive of the need for permanent pace-
maker) occur in fewer than 2% of patients, with mortality at 1.5%."> The main
electrical finding is right bundle branch block, seen in 70%." This is not sur-
prising, as the right bundle is supplied by the LAD in over 90% of patients,
and alcohol septal ablation typically infarcts the RV side of the interventricu-
lar septum.™ Complete heart block requiring permanent pacemaker occurs in
5%—10%." Risk factors include preexisting left bundle branch block, female gen-
der, bolus injection of ethanol, large amount of ethanol, and injection of more
than one perforator.”™ Transient complete heart block during the procedure is
also predictive."® Complete heart block typically occurs within 12 hours, with
the majority occurring within 3—4 days. In rare cases, complete heart block may



Figure 12b.5 Ethanol septal ablation. A wire is placed in the first septal perforator,
with the opaque section as distal as possible. An appropriately sized balloon is positioned
>1 mm past the septal perforator ostium and inflated. The wire will be removed and
contrast injected for echo guidance, followed by ethanol infusion if the target myocar-
dium is confirmed. On the right, an echo probe is seen on the chest wall.

Figure 12b.6 Myocardial contrast echocardiographic guidance. Apical views before
and after contrast infusion through the balloon central lumen, showing opacification
limited to the basal septum at the point of outflow tract obstruction.

occur late, once the patient has been discharged. Predicting late heart block is
the subject of active research.’

To monitor for complete heart block and ventricular arrhythmia, patients
are maintained in the cardiac care unit for 48 hours. Cardiac enzymes should
be monitored every 8 hours until peak (typical CK 800-1,800) and echocardio-
gram performed to document hypokinesis of the basal septum and immediate
postprocedure result. During the initial 24 hours, the temporary pacemaker is
left in place. In patients who already have a permanent implant (implantable
cardioverter defibrillator [ICD] or pacemaker), this should be sufficient as long
as the lead is not in the basal septum (area of ablation). If there is doubt, the
output of the device may be increased as a precaution. All preprocedure medi-
cations should be restarted, including high-dose B-blocker or calcium channel
blocker therapy.
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If the patient develops complete heart block, a permanent pacemaker is
implanted as early as possible, so that the patient may ambulate and be dis-
charged on day 4. If no heart block develops, the temporary pacer is removed
at 24 hours, the patient leaves the intensive care unit at 48 hours, and is similarly
discharged on day 4.

Immediate, Intermediate, and Long-term Outcome

The comparative effectiveness of alcohol septal ablation and surgical myectomy
is hotly debated, with no randomized controlled trials available; however, there
is growing evidence that the procedure is successful in over 90% of appro-
priately selected patients."® Importantly, the development of complete heart
block and requirement for pacemaker implantation does not impact success.”
Figure 12b.7 shows the immediate gradient reduction obtained in the patient
from Figure 12b.3. Typically, a triphasic response at the target myocardium has
been noted, with initial infarction and stunning of the basal septum resulting in
oftentimes complete resolution of gradient, followed by partial recurrence of
gradient over the first week post-procedure as stunned myocardium begins to
contract once more, and ultimately continued reduction of gradient once more
as the infarcted myocardium thins and outflow tract widens. Figure 12b.8 shows
the basal septum at 1-2 months postprocedure.

Intermediate and long-term outcomes are favorable, with improved func-
tional status, quality of life, treadmill time, and reductions in septal thickness,
outflow tract gradients, and MR out to 5 years."” Importantly, the abolition
of outflow tract gradient and MR results in a regression of LV hypertrophy
throughout the ventricle (not solely limited to the infarcted septum), a remod-
eling process that improves both diastolic function and clinical symptoms.’® One
concern with alcohol septal ablation has been the possibility of a late increase in
mortality due to scar formation in the interventricular septum. However, case
reports of sudden death after alcohol septal ablation have been rare. In addi-
tion, at least two studies of serial evoked potential testing before and after abla-
tion have failed to indicate increased predilection for ventricular arrhythmia.'®"
Further, rates of appropriate ICD discharge after ethanol septal ablation are
lower than expected.?'

Special Considerations

Ethanol septal ablation has been performed in patients with mid-cavitary
obstruction and severe septal wall hypertrophy (>30 mm thickness). However,
both have shown unpredictable success; the former due to the absolute mass
of muscle that would need to be ablated to eliminate obstruction and the latter
due to the difficulty inherent to matching the mid-cavitary septal muscle with
available septal perforators. In addition, patients with extremely high gradients
(>100 mm Hg resting gradient) have an unpredictable response.
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Figure 12b.7 Postprocedure gradient reduction. Simultaneous left ventricular and
aortic pressure tracings post procedure reveal minimal residual resting gradient, without
augmentation on Valsalva maneuver (second half of tracing). Note that this is the same
patient whose preprocedure gradients are shown in Figure 12b.3.

Figure 12b.8 Echocardiogram post procedure. Parasternal long axis view of a patient
1-2 months post ablation shows scar contraction of the basal septum and resultant
widening of the left ventricular outflow tract. Obstruction and mitral regurgitation are
no longer present (not shown).

In some cases, vigorous myocardial contractility results in septal “milking” of
the perforators, with potentially catastrophic results if the balloon “watermel-
on-seeds” back into the LAD. Use of an over-the-wire short cutting balloon
(2.0 x 6 mm or 2.5 X 6 mm) at low atmospheres fixes the balloon in the septal
artery and facilitates a successful procedure.2



CHAPTER 128 Ethanol Septal Ablation

244

Surgical myectomy and ethanol septal ablation have been performed in the
same patient, with reports of successful ablation after unsuccessful myectomy
and successful myectomy after unsuccessful ablation.""#2* The main complica-
tion, along with increased morbidity, is an increase in the need for a permanent
pacemaker.!"

In patients whose angiography fails to reveal optimal septal perforators aris-
ing from the LAD, a careful search for anomalous septal arteries should be per-
formed. These may arise from a parallel running diagonal artery, the left main,
or the proximal right coronary artery, and have facilitated successful ethanol
septal ablation in experienced hands.”

Conclusion

Ethanol septal ablation is an accepted alternative to surgical myectomy in
patients who meet strict clinical, echocardiographic, and angiographic criteria,
with similar short- and intermediate-term outcomes. Recent literature contin-
ues to confirm the benefit of this procedure in improving outflow tract gradi-
ent, MR, and associated symptoms of dyspnea, angina, and presyncope/syncope,
when performed by experienced operators.

Practical Pearls

o Always have extra vials of ethanol on hand in case multiple ablations are
required.

A transvenous pacemaker is always required, and it should be placed on the
table even in cases with permanent implants.

Guide backup is crucial, as inadvertent movement and slippage of the balloon
will cause anterior myocardial infarction not amenable to treatment.

Consider the cutting balloon in cases of vigorous septal contractility, in order
to avoid balloon slippage back into the LAD during infusion.

Stick to the 1 cc/min infusion rate. Slower infusions may lead to early coagula-
tion of the artery without adequate ablation, whereas rapid infusions increase
the risk of complete heart block.

A small dose of intracoronary nitroglycerin (100 pg) infused through the
guide may dilate septal perforators and aid in balloon sizing.

When a transvenous pacemaker is left in place, using an arterial closure
device may avoid inadvertent disengagement of the pacemaker.

Continue all preprocedure medications, including high-dose B-blockers and
calcium channel blockers, regardless of postprocedure conduction disease.

Monday is the best day to perform alcohol ablations, as patients typically
remain in the hospital 4 days, and this allows for timely placement of perma-
nent pacemakers and increased ability to respond to complications.
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Chapter 12c

Percutaneous Valve
Replacement

Inder M. Singh and Mehdi H. Shishehbor

Over 50,000 individuals undergo surgical aortic valve replacement (AVR) in the
United States every year."2 The average perioperative mortality for isolated
AVR is 8.8% in patients over the age of 65 years."? Although AVR remains the
current standard of care for treating severe aortic stenosis (AS), at least a third
of eligible patients are deemed inoperable secondary to associated comor-
bidities and are relegated to a suboptimal strategy of medical management
only."? Transcatheter aortic valve implantation (TAVI) is well suited to bridge
this treatment gap and potentially even match the outcomes of surgical AVR
with new device and technical iterations.* The role of TAVI in severe symp-
tomatic AS is being tested in the pivotal Placement of AoRTic TraNscathetER
Valve’ (PARTNER) trial involving the Edwards SAPIEN valve (Fig. 12¢.112¢.1).4°
Similarly, the CoreValve ReValving system is awaiting U.S. Food and Drug
Administration approval to start its pivotal trial in the United States.® Both the
SAPIAN valve and CoreValve are being used extensively in Europe since they
received the European Compliance (CE) mark approval in 2007, and it is esti-
mated that 5,000 TAVIs have been performed to date.” In this chapter, we
discuss contemporary techniques for TAVI.

Patient Management

Approach to the Patient

Because of its complex nature, TAVI requires close collaboration among the
interventional cardiologist, imaging cardiologist, and cardiac and vascular sur-
geons. Echocardiographic data should be carefully reviewed for valve anatomy,
hemodynamics, and coexisting lesions. Screening for iliofemoral vessel size,
peripheral vascular disease, aortic calcification, and tortuosity by computed
tomography (CT), magnetic resonance angiography, or digital angiography is
critical. Patients who are considered for TAVI must meet certain clinical and
technical criteria (Fig. 12c.1).
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PATRNER TRIAL Trial

3. Exclusion criterial of the PARTNER trial

irreversible morbidity > 50%
2) No. 2 + 3 from above

during study duration

A. Cohort A - high surgical risk Cohort B - inoperable/extreme surgical risk
Surgical AVR PAVR PAVR Medical £ BAV
Inclusion criteria Primary end points Secondary end points
Cohort A 1) Predicted operative mortality Freedom from death at 1y ~ Functional improvement
>15% or STS score > 10 Freedom from MACCE
2) Degenerative AS, MPG > 40 mm Hg, Valve dysfunction
AVA <0.8 cm?, jet velocity > 4 m/s Length of index hospital stay
3) 2NYHA Il Total hospital days at 1y
QOL
Improved valve function
Cohort B 1) Risk of procedural death/serious, Freedom from death Functional improvement

Freedom from MACCE
Total hospital days at 1y
QOL

Improved valve function

Uni-/bicuspid aortic valve
Myocardial infarction <1 m

Mixed aortic valve diseases (AR>3+)
Invasive cardiac procedure
<30 d (<6 m if DES implanted)
Preexisting prosthetic valve
Mitral regurgitation >3+
Blood dyscrasias
Coronary artery disease requiring
revascularization
Hemodynamic instability requiring inotropics
or mechanical assistance
Need for any emergency surgery
Hypertrophic cardiomyopathy with
or without obstruction
Severe LV dysfunction (<20%)
Intracardiac mass, thrombus, or vegetation

Active peptic ulcer or Gl bleeding within 3 m
Allergy to aspirin, ticlopidine, clopidogrel,

or heparin

Native aortic annulus <16 or >24 mm

Patient refused surgery

CVA or TIA within 6 m

Renal insufficiency or end-stage renal disease
requiring dialysis

Life expectancy <12 m due to noncardiac
comorbidities

Significant aortic disease (aneurysm, tortuosity,
excessive atheroma, or stenosis)

(applicable to transfemoral route only)
lliofemoral vessels <7 mm (transfemoral route only)
Participating in another trial

:erebrovascular accident; TIA, transient ischemic attack.

VPG, Mean pressure gradient; AVA, aortic value area; NYHA, New York Heart Association; Gl, gastrointestinal; AR, aortic regurgitation; DES, drug-eluting stent; CVA,

Figure 12c.1 Placement of aortic transcatheter valve (PARTNER): cohorts and inclusion/exclusion criteria. Reprinted from Chiam PT, Ruiz CE. Percutaneous
transcatheter aortic valve implantation: evolution of the technology. Am Heart J. 2009;157(2):229-242, with permission of the publisher (Mosby/Elsevier).




Table 12c.1 Transcatheter-based aortic valve prostheses in clinical use

Transcatheter Company Mechanism Valve Type Structure Approach Status

Aortic Valve

CoreValve ReValving CoreValve Self-expanding Bovine pericardial ~ Nitinol Retrograde CE mark in EU

System Transapical IDE pending in US

Cribier-Edwards Edwards Lifesciences  Balloon expandable  Equine pericardial ~ Stainless steel Antegrade Was in clinical use
Retrograde, but phased out
Transapical

Edwards SAPIEN Edwards Lifesciences  Balloon expandable  Bovine pericardial ~ Stainless steel Retrograde Phase Il in US
Transapical CE mark in EU

SAPIEN XT Edwards Lifesciences  Balloon expandable  Bovine pericardial ~ Cobalt-chromium  Retrograde Clinically used OUS

EU, European Union; IDE, Investigational Device Exemption; US, United States; OUS, Outside United States.

From Singh IM, Shishehbor MH, Christofferson RD, Tuzcu EM, Kapadia SR. Percutaneous treatment of aortic valve stenosis. Cleve Clin | Med. 2008;75(11):805-812. Reprinted with

permission, Cleveland Clinic Center for Medical Art & Photography © 2008-2009. All rights reserved.
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Devices

Several valves are now in various stages of human trials for TAVI (Tables
12¢.1-12c¢.3). Of these, the Edwards valve series and CoreValve are most
advanced in their clinical usage and have already accumulated a fair amount of
short- and mid-term data, mainly from European centers, to support their use
(Table 12c.4). Thus, these prostheses will be focus of this chapter, although
a number of other percutaneous valves are currently in various stages of
development.

Edwards Valves

The Edwards series began with the Cribier-Edwards prosthesis; it was the
first TAVI in a human subject in 2002, but it is no longer being used.® This was
followed by the SAPIEN prosthesis (Fig. 12c.2), which received the European
compliance (CE) mark approval in September 2007.* This is a balloon-expand-
able stented prosthesis with a tri-leaflet bovine pericardial tissue valve sutured
within a stainless steel tubular frame and lengthened fabric sealing cuff. It is
available in two sizes: 23 mm and 26 mm for annulus sizes ranging from 18
to 24 mm. This valve is currently being evaluated in the PARTNER trial. The
most recent iteration of the Edwards series is the balloon-expandable SAPIEN
XT (Fig. 12¢.2).? It has a cobalt-chromium frame with thinner struts and a
sutured tri-leaflet bovine pericardium valve.” These features make the SAPIEN
XT achieve greater radial strength and structural integrity, along with a more
open design for a lower profile. The leaflets are scalloped and closed at rest
to enhance valve durability.

CoreValve

The CoreValve series is a self-expanding 50-mm-long nitinol stent composed
of three bovine pericardial leaflets mounted and sutured within the frame
(Fig. 12c.3). Being self-expandable, the CoreValve can conform to different
aortic valve sizes and can anchor well in the aortic annulus. It requires the
aortic valve annulus diameter to be between 20 and 27 mm, and the ascend-
ing aorta diameter, at the sinotubular junction, to be smaller than 45 mm.™
Since the first human CoreValve implant in 2005, the valve has undergone
three iterations.' The second and third prototypes improved on the original
prosthesis by adopting a three-segment design—a straight bottom portion,

Table 12c.2 Transcatheter-based aortic valve prostheses in

phase Il trials

Transcatheter Company Mechanism Valve Structure Approach

Aortic Valve Type

Direct Flow Direct Flow Inflatable Bovine Non- Retrograde
Medical rings pericardial metallic

Lotus Sadra Self- Bovine Nitinol Retrograde

Medical expanding pericardial




Table 12c.3 Transcatheter-based aortic valve prostheses implanted in first-in-man series (phase I)

Transcatheter Company Mechanism Valve Type Structure Approach Status

Aortic Valve

Aortx Hansen Medical Self-expanding Pericardial tissue Nitinol - Temporary implants
during AVR

Enable ATS (3F) Self-expanding Pericardial tissue Nitinol - Temporary implants
during AVR

JenaClip JenaValve Technology  Self-expanding Pericardial tissue Nitinol - Temporary implants
during AVR

Paniagua Endoluminal Balloon expandable  Pericardial tissue Nitinol and Retrograde First-in-man

Technology Research  and self-expanding stainless steel (permanent implant)
Perceval Sorin Group Self-expanding Bovine pericardial  Nitinol - Temporary implants

during AVR

AVR, surgical aortic valve replacement.
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Table 12c.4 Selected published series of transcatheter aortic

valve implantation

Transcatheter Valve No. of Follow-up Outcomes

Aortic Valve Prosthesis Patients Duration % (deatht/
(Approach) Treated in Months  stroke/MI/

PPM)

Edwards transfemoral

Cribier™ (2004) First-generation 6 2 66.7/NR/NR/
(TF antegrade) NR

Cribier' (2006) First-generation 36 6 37/0/0/NR
(TF antegrade
and retrograde)

Webb? (2007)# First- and 50 1 12/4/2/4
second-
generation

Webb? (2009)# Second- and 25 1 0/8/0/0
third-generation

Edwards transapical

Svensson?' (2008) Second- 40 4.8 37.5/5/17.5/NR
generation

Walther? (2008) Second- 50 12 28.6/NR/NR/
generation NR

Ye? (2009) Second- 26 12 34.6/4/4/12
generation

Walther? (2009)¢ Second- 25 12 28/0/NR/NR
generation

Edwards combined*

PARTNER EU» Second- 130 12 38/6.5/5/5.8

(2009) generation
(TF retrograde
and TA)

SOURCE?* (2009)  Second- 1038 1 8.5/2.5/0.5/7
generation
(TF retrograde
and TA)

Webb? (2009) First-, second-, 168 12 26.2/4.2/NR/5.4
and third-
generation
(TF retrograde
and TA)

Himbert? (2009) Second- 75 12 2210
generation
(TF retrograde
and TA)

CoreValve*

Grube' (2008) First-, 136 12 29.8/7.1/3.6/27.9
second-, and
third-generation

Piazza? (2008) Third- 645 1 8/1.9/0.6/9.3

generation




Table 12c.4 Continued

Transcatheter Valve No. of Follow-up Outcomes

Aortic Valve Prosthesis Patients Duration % (deatht/
(Approach) Treated in Months  stroke/MI/

PPM)

Buellesfeld® (2009)  Third- 126 12 28.6/7.1/5.4/31.3
generation

Direct Flow"

Schofer® (2008) First-generation 15 1 6.7/6.716.7/0

TDeath represents all-cause mortality.

#Only transfemoral retrograde approach used in these series.
CAll patients in this series had previous open-heart surgery.
*Includes both transfemoral and transapical approaches.
YPermanent pacemaker outcomes for 6 months only.

MI, myocardial infarction; PPM, permanent pacemaker; NR, not reported; TF, transfemoral;
TA, transapical.

A) Edwards SAPIEN value prosthesis. B) SAPIEN XT value prosthesis.
Balloon-expandable Balloon-expandable
Stented prosthesis Stented prosthesis
Stainless steel tubular frame Cobalt-chromium frame (thinner struts)
Tri-leaflet bovine pericardial tissue value Tri-leaflet bovine pericardial tissue value
(sutured within frame) (sutured within frame)
Lengthened fabric sealing cuff. Lengthened fabric sealing cuff.

Figure 12c.2 Edwards valve prostheses.

Self-expanding

50-mm-long nitinol stent

Three bovine pericardial leaflets (mounted and sutured within the frame)
Supra-annular value function

Intra-annular implantation

Sealing skirt

Figure 12c.3 CoreValve prosthesis.
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which provides excellent radial force, excludes the calcified native leaflets, and
avoids recoil; a tapered middle portion, which carries the valve itself and, by
design, spares the coronary ostia; and a flared upper portion, which anchors
the prosthesis in the ascending aorta and prevents it from migrating or embo-
lizing. These iterations also significantly reduced the prosthesis profile. The
latest prototype comes in a 26 mm size prosthesis for a 20-24 mm annulus and
a 29 mm prosthesis for a 24-27 mm annulus. CoreValve may also offer lim-
ited repositioning capability since it is not a one-shot deployment. CoreValve
received the European CE mark approval in May 2007.*

Detailing Techniques

General

The procedure can be performed via the femoral artery, vein, or by the transapi-
cal approach. However, the femoral artery (retrograde) approach is most widely
used and is currently being performed with sedation and analgesia, whereas the
transapical procedures are done under general anesthesia.”"® Heparin is used
intraprocedurally and patients are premedicated with aspirin (81-325 mg) and
clopidogrel (300-600 mg), which are continued indefinitely at standard mainte-
nance doses (clopidogrel 75 mg/day).*'* Antibiotic prophylaxis is used.”

Access to Valve

Transvenous (femoral) antegrade, transarterial (femoral) retrograde, and
transapical antegrade have all been used for TAVI. Of these, the antegrade
approach, which was the approach in the first reported human TAVI in 20028
has largely been abandoned due to technical challenges and potential mitral
valve injury resulting in mitral regurgitation.* Currently, TAVI is performed
through the transfemoral retrograde and transapical antegrade approaches.

Retrograde Technique

The retrograde technique starts with femoral artery access via a surgical cut-
down or the standard Seldinger technique.” Sheath size is predetermined
based on annular diameter, device type, and device size (18-24 Fr). In the past,
surgical closure was the norm, but increasingly access site hemostasis is being
obtained via preclosure devices to achieve a truly “percutaneous” procedure
(Prostar XL, Abbott Vascular, Boston, MA). Serial dilations are followed by
insertion of a long sheath that extends into the descending aorta and thus
avoids device-related injury to the iliofemoral system.

Transapical Technique

The transapical technique is utilized in patients with severe vascular disease
of the aorta or iliofemoral system.” A left anterolateral mini-thoracotomy is
performed to expose the apex of the heart. Then two to three purse string
sutures are placed in the LV apex, while taking care to avoid the coronaries.
Access to the LV cavity is obtained via direct needle puncture followed by
sheath insertion, through the purse string sutures, into the left ventricular (LV)



cavity. Sheath size is predetermined as described earlier (21 or 26 Fr). After
valve deployment, the sheath is removed and the purse string sutures are tied.
This procedure should be performed in a hybrid operative suite. Potential dis-
advantages are LV and coronary injury, pericardial complications, and the need
for general anesthesia plus chest tubes.

Preimplantation

The severely stenotic aortic valve is first prepared with traditional balloon aor-
tic valvuloplasty using a Z-med Il balloon catheter (NuMed Inc., Hopkinton,
NY) that is sized 100%—110% of the annular diameter. This is performed over a
Landerquest or Super Stiff Amplatz wire. Generally, the aortic valve is crossed
using a 5 Fr AL-1 diagnostic catheter and a straight wire. Once in the LV, the
straight wire is exchanged for the stiff wire, as noted earlier. The delivery sys-
tem is then delivered.

Delivery System

The delivery system containing the valve prosthesis is advanced as a single unit
to the level of the diseased aortic valve over a Lunderquist extra-stiff guidewire
(Cook Medical, Bloomington, IN) or Super Stiff Amplatz (Boston Scientific,
Watertown, MA). Each of these devices and techniques has a custom-made
delivery system.

The RetroFlex 2 is a manually activated deflectable-tip delivery catheter
currently used in the transfemoral retrograde approach for both SAPIEN and
SAPIEN XT valves (Fig. 12c.4).” The aortic valve prosthesis is mounted over
the 3-cm-long balloon catheter using a specially designed mechanical crimping
device (NuMed Inc., Hopkinton, NY). Currently, an 18 Fr RetroFlex4 delivery
system is in preclinical development.’ The Ascendra delivery catheter is used in
the transapical approach for both SAPIEN and SAPIEN XT." It is currently avail-
able in a 26 Fr profile, and it is shorter in length compared to the transfemoral
system.

The CoreValve Revalving retrograde delivery system consists of a loading/
release handle, 12 Fr shaft, and an 18 Fr capsule that houses the CoreValve
(Fig. 12¢.5). This 18 Fr ReValving delivery system is currently employed for the
arterial approach.™ A 21 Fr system has recently been designed for the transapi-
cal approach, and the first-in-man procedure with that system was recently
performed.™

Figure 12c.4 RetroFlex2 delivery system for Edwards prostheses.
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Implantation Technique

Prior to the implantation, anatomic landmarks are simultaneously evaluated by
utilizing information from three imaging modalities: fluoroscopy for calcifica-
tion of the native aortic valve leaflets and annulus; supravalvular aortogram for
aortic cusps alignment plane and coronary ostia takeoff; and transesophageal
echocardiography (TEE) for the LV outflow tract and mitral valve apparatus.
The Edwards valve prosthesis (SAPIEN or SAPIEN XT) contained in the
Retroflex2 delivery system is advanced through the native valve such that the
crimped valve lies at the level of the aortic annulus (Fig. 12c.6). The deflectable
pusher portion is retracted into the ascending aorta, and the nose cone por-
tion is advanced in the LV out flow tract. This exposes the deployment balloon
and the overlying (crimped) prosthesis, which is positioned within the native

-_g) ——
() & —=

Figure 12c.5 Revalving delivery system for CoreValve prosthesis.

R J‘/ Retrograde or transfemoral technique
The catheter is advanced to the stenotic
,_\ aortic value via the femoral artery.
1 Advantages
Faster, technically easier than antegrade approach

Disadvantages
Potential for injury to the aortofemoral vessels
Crossing the stenotic aortic valve can be challenging

Transapical technique

A valve delivery system is inserted via a small intercostal incision.
The apex of the left ventricle is punctured, and the prosthetic
valve is positioned within the stenotic aortic valve.

Advantages
Access to the stenotic valve is more direct
Avoids potential complications of a large peripheral access site

Disadvantages
Potential for complications related to puncture of the left ventricle
Requires general anesthesia and chest tubes

Figure 12c.6 Retrograde and transapical approaches. From Singh IM, Shishehbor
MH, Christofferson RD, Tuzcu EM, Kapadia SR. Percutaneous treatment of aortic
valve stenosis. Cleve Clin | Med. 2008;75(11):805-812, with permission of the publisher
(Cleveland Clinic Center for Medical Art & Photography).



valve using trimodal imaging, as described earlier. The optimal predeployment
position for the Edwards valve is subannular, with two-thirds below the valve
and one-third above the valve. The valve is then deployed under rapid right
ventricular pacing (180-220 beats/min) to abruptly decrease transvalvular flow
and facilitates precise deployment of the prosthesis (Figs. 12c.7 and 12c.8).
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Figure 12c.7 Edwards SAPIEN deployment.

Wte

Figure 12c.8 Hemodynamic and pacing effects.
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During deployment (Fig. 12¢.7), the prosthesis typically moves forward and
ideally rests at the mid-position of the aortic valve, which does not impinge
the coronary ostia or impede the motion of the anterior mitral leaflet (Fig.
12¢.9). The delivery system is then removed. The main difference between
the final steps of the transapical versus transfemoral deployment is that, in
the transapical approach, the valve is mounted in the antegrade direction on
the shorter Ascendra delivery catheter (Fig. 12c.6). The rest of the steps are
essentially the same.

The CoreValve delivery system is advanced across the predilated aortic
valve. The valve is positioned such that only one or two cells of the prosthe-
sis are under the annulus (Fig. 12¢.10). The optimal position is one in which
the prosthesis is intervalvular but the leaflets of the prosthesis sit just above
the native leaflets in a supravalvular position (Fig. 12¢.10). The origin of the
coronary ostia is carefully avoided, and the flared top portion of the prosthesis
anchors to the ascending aorta by design (Fig. 12¢.10). Once optimal position
is confirmed, using trimodal imaging, the prosthesis is unsheathed completely
(Fig. 12c.11). No rapid right ventricular pacing is required for self-expanding
prostheses.

Figure 12c.9 Cardiac computed tomography, pre and post transcatheter aortic
valve implantation.



Ascending aorta

Aortic sinuses with
coronary ostia

Aortic valve annulus

Left ventricle

Figure 12c.10 CoreValve positioning.

Figure 12c.11 CoreValve deployment.

Postimplant

After TAVI, aortography is necessary to assess the location and degree of aortic
regurgitation, to confirm coronary patency, and to rule out complications such
as hemopericardium or aortic dissection. Similarly, post-TAVI TEE is needed to
evaluate the integrity of the LV out flow and mitral valve apparatus. Post-TAVI
patients should be monitored closely in the cardiac intensive care unit for 24-48
hours, and then in a cardiac step-down unit for hemodynamic compromise, late
conduction block, vascular complication, and renal failure. Patients continue
taking aspirin indefinitely and clopidogrelfor 3—6 months.
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Special Issues

Procedure-related Complications

e Vascular complications continue to plague TAVL" Rigorous screening with
subsequent conversion to a transapical approach in cases of vascular abnor-
malities is a reasonable alternative until device and delivery systems have
lower profiles.

o Stroke rates are still about 8% periprocedurally in the transfemoral retro-
grade approach.”™ Special attention to sheath and anticoagulation may help
minimize these. Aortic arch filters are in development to prevent cerebral
showering of aortic debris.

Device-related Complications

Paravalvular leaks are more common, in both number and degree, in the
Edwards SAPIEN valve.” However, the newer percutaneous valves, such as
Direct Flow and Lotus, are significantly decreasing this problem.'s"
Atrioventricular conduction blocks and need for a permanent pacemaker
seem to be more common with CoreValve prosthesis.” This may be due
to the prosthesis impinging on the interventricular septum, which contains
the conduction system. Shorter second-generation devices may be able to
address this issue.’®"

Device embolization is much less of an issue as operator experience with
optimal deployment and device stabilization has increased.™ Also, newer
devices have significantly higher radial force by design, making them more
stably seated in the annulus.s"

Conclusion

Severe symptomatic AS is a relatively common problem, with an increasing
incidence as the population ages."? Surgical AVR provides excellent results, but
it may have up to 13% mortality in the elderly population." About 33% of indi-
viduals eligible for AVR are deemed inoperable due to significant comorbidities.
Transcatheter aortic valve implantation may bridge the treatment gap in many
of these patients. However, as with any procedure, appropriate patient selec-
tion and screening is paramount to achieving meaningful short- and long-term
outcomes with TAV|3>1415

Given patient and procedural complexities, a collaborative effort among
interventionalists, cardiac and vascular surgeons, and imaging specialists will
be in the best interests of the patient. Multimodality imaging is a key to pro-
cedural success, preventing complications and recognizing them when they
Occur.‘%.S.M,WS

The field is moving forward rapidly, and to date more than 5000 TAVIs have
been performed.” Although this is an exciting time, with encouraging short- to



mid-term outcomes, the risk of endocarditis, thromboembolic events, and the
feasibility of subsequent aortic valve intervention are not known. Our enthusi-
asm should be tempered until the durability of the procedures and devices are
established through multicenter randomized controlled trials.

Practical Pearls

e In general, the prostheses should be oversized relative to the annulus to
minimize paravalvular regurgitation and prevent embolization.

o Postdilatation with a slightly larger balloon catheter may reduce paravalvular
regurgitation.

e Sedation and analgesia are preferred for the transfemoral approach. This
approach may prevent the adverse events related to general anesthesia.
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Coronary stenosis, 69, 70
CRUISE study, 72
CS. See cardiogenic shock
CT (computed
tomography), 2, 2f
Cutting balloons
in bifurcation lesions,
133,137t

in calcified lesions, 58,
126-128
described, 57, 57f
in ethanol septal ablation,
236t, 239¢, 243, 244
Cyclic heptapeptides, 20.
See also Eptifibatide
Cyclooxygenase (COX), 17

D

DEBATE study of CFR, 70
DEFER study of FFR, 70
“Differential cutting”
principle. See Rotational
atherectomy (RA)
Dihydropyridine calcium
channel blockers, 23. See
also Nicardipine
Diltiazem, 23t
Diphenhydramine, 12t
Direct balloon angioplasty,
65
Direct thrombin inhibitor, 22
Directional atherectomy,
159
Distal-flow EPDs, 153
Diver CE catheters, 159
Dobutamine, 23
Dopamine, 23t, 24
Doppler ultrasound, 30, 191
Double-wire antegrade
technique, in CTO, 114,
116f
Drug-eluting stents (DES),
59,177
benefit-boosting
strategies, 178f
biolimus-A9-eluting
biodegradable PLA
stent, 66
in calcified coronary
lesions, 125, 126
clopidogrel dosage, 18
commonly used, 62t
components, 61
crush technique, 168t
everolimus-eluting PLA
stent, 66
in left main coronary
intervention, 149, 150
in LIMA graft intervention,
142
and OCT, 73
side-branch stenting,
131,133
suggest approach for use,
178t
tyrosine-derived
polycarbonate REVA
stent, 66
vs. bare metal stents, 18,
63, 65, 83-84, 103, 105,
125, 142,177,213
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ECMO. See extracorporeal
membrane oxygenation
Emboli protection devices
(EPDs), 153-156. See
also Balloon angioplasty
in carotid artery
interventions, 200, 201t
deployment, 106f
features/examples, 155t
FilterWire-EZ distal
protection device, 154f
insertion over guidewire,
154-155
patient preparation,
153-154
pros vs. cons, 104t
results, 156
technique, 154-156
trial outcome predictors,
104t
Enoxaparin therapy, 21-22, 81t
Epicardial coronary stenosis,
70
Epinephrine, 12t, 14, 23t, 24
Eptifibatide, 18t, 20, 65
Esophageal rupture with
mediastinitis (Boerhaave
syndrome), 79
Ethanol septal ablation,
235-244
Brockenbrough maneuver,
238, 238f
echocardiogram post-
procedure, 243f
equipment requirements,
239t
guidewire placement, 241f
immediate/intermediate/
long-term outcome, 242
indications/
contraindications, 236t
left coronary angiography,
239f
mitral regurgitation, 237f
myocardial contrast
echocardiographic
guidance, 241
patient selection,
235-236, 238
postprocedure gradient
reduction, 243f
procedural complications/
in-hospital care,
240-242
special considerations,
242-244
technique, 235-236,
238-240
Everolimus-eluting PLA
stent, 66
Excimer laser® (laser
atherectomy), 126, 159,
160-162

Export catheters, 159

Extracorporeal membrane
oxygenation (ECMO), 95

EZ FilterWire distal
protection device, 154f

F

Factor Xa inhibitor, 22. See
also Fondaparinux
FAME study of FFR, 70
Femoral arterial access, 29-31
Femoral arteriovenous
fistula, 172-173, 173f, 173t
Femoral artery hematoma,
170-172
endovascular approach,
172t
management, 170
PTFE-covered stent
deployment, 171t
risk factors, 172t
Femoral artery stenosis, 211
Femoropopliteal disease,
208t, 210, 212
Fenoldopam, 189
Fetal exposure to radiation,
Fibrinolytic therapy, 18, 80
Filter-based EPDs, 153
FilterWire-EZ protection
devices, 103, 154f, 155t
Flat panel detectors, 4
Flextome™ cutting balloon,
126,128
Fondaparinux, 21t, 22,
80, 81t
Fontaine classifications (lower
extremity atherosclerotic
disease), 207
Fractional flow reserve
(FFR)
in bifurcation lesions, 133
DEFER study, 70
defined, 70
FAME/FAME studies, 70
hyperemia measurement,
72f
in left main coronary
intervention, 150
procedure, 71
Fragmentation
thrombectomy, 83
FX Minirail™ Balloon, 128

G

Genistein, 66
Glycoprotein lIb/llla
inhibitors, 18t, 21t. See
also Abciximab; Cilostazol;
Eptifibatide; Tirofiban
ACC/AHA guidelines,
19-20

for ACS, 93
as adjuvant therapy, 65
antiplatelet resistance
from, 181t
femoral artery bleeding
from, 172t
for lower extremity PAD,
207
in PCl of CTO, 109
in PCl of SVG, 102, 104t
resistance to, 180
for STEMI, 80
with unfractionated
heparin, 20, 21t
GuardWire EPDs, 155t
Guide (guiding) catheters,
39-48. See also Balloon
catheters; Cutting
balloons; Guidewires
angioplasty catheters
(examples), 44f
aortic wall interaction, 41f
in bifurcation lesions, 133
in calcified coronary
lesions, 124, 125t
in carotid stenting/
angioplasty, 200
CFR procedure, 70-71
coaxial engagement, 40, 42
coronary variations, 43f
CTO PCl selection,
110111
features of catheters,
41f, 45t
FFR procedure, 71
guide lumen size, 43
Judkins catheter position,
44f
in left main coronary
interventions, 146
left/right coronary artery
take-off, 42f
LIMA graft intervention,
140, 141t
objectives, 39t
in PCl of SVG lesion,
102-103
selection algorithms,
47f-48f
in STEMI, 82
support/passive support,
39-40, 40f, 40t, 41f
typical guides, 43, 45t, 46
Guidewires (for catheters),
48-53
in ASD closure, 221, 222f,
224, 225
in bifurcation lesions,
133,135
in calcified coronary
lesions, 124
components, 48, 48t, 49f
construction of, 48, 49f
core taper/effect on
behavior, 48, 49f



EPD insertion, 154-155

features of, 49t

handling of, 51

in iliac disease, 209

in LIMA graft intervention,
142

in PFO closure, 227

pressure angioplasty
guidewires, 69

in RAS, 189-190

selection issues, 50, 50t

in SFA, 212

in SFA disease, 212

STEMI, selection for, 82

tip design, 50f

workhorse wires, 50, 51t,
52t-53t

H

Heart disease, structural.
See Structural heart
disease

Heparin

as adjuvant therapy, 66

for ethanol septal
ablation, 239

low-molecular-weight,
21-22, 21t, 66

for lower extremity
arterial interventions,
207

for PCI of SVG lesion, 102

for PCl/radial artery
complications, 174

for percutaneous valve
replacement, 254

in PTAS, 188-189

unfractionated, 20-21, 21t,
22, 24, 66, 80, 81t, 109,
218, 239t

Heparin-induced
thrombocytopenia,
20-21, 66

Hydrocortisone, 12t, 14

Hyperemia, 70-71, 72f

Hypertrophic
cardiomyopathy (HCM),
235, 237f

lliac disease, 209, 210f
Imaging. See Medical imaging
Impella device, 95, 96f, 146
Implantable cardioverter
defibrillator (ICD), 241
Intra-aortic balloon pump
(IABP)
in cardiogenic shock
with ACS, 84, 90-91, 92f
comparisons, 97t
without cardiac ischemia,
95-96

in left main coronary
interventions, 146
in STEMI, 84, 86, 90
technique, 90-91
Intracoronary vasodilators,
22-23, 23t. See also
Adenosine; Calcium
channel blockers;
Nitrates
Intrarenal ultrasound,
190-191, 193
Intravascular ultrasound
(IVUS), 71-73
atherosclerosis depiction,
f
in calcified coronary
lesions, 123—124, 124f
CFR calculation, 70
coronary artery stenting
and, 61
CTO and, 111
description, 71-72
in femoral arteriovenous
fistula, 172
FFR and, 140
in left main coronary
intervention, 149-150
in LM PCl, 149
procedure, 73
Intravenous ultrasound, 64
Ischemia
acute limb ischemia, 30, 90
cardiogenic shock
without, 94-96
digital ischemia, 89
LIMA OCT procedure
and, 74
mesenteric ischemia,
191, 192
myocardial ischemia, 70, 93
OCT procedure and, 74
Iso-osmolar contrast agents,
11-12

J

JETSTENT trial, 160

K

Kissing-balloon angioplasty,
135, 136-137, 136t,
148, 151

L

Laser atherectomy, 126,
160162

Left common femoral artery
stenosis, 211f

Left internal mammary
artery (LIMA) graft
lesions, 139142

adjunctive
pharmacotherapy, 142

CABG vs., 139

guide catheter, 140, 141t

guidewires, 142

preprocedural
considerations,
139-140

procedural considerations,

141-142
results of, 140t
SVG intervention vs., 139
Left main coronary artery
(LMCA) take-off, 40, 42f
Left main coronary
interventions, 145-150
guide catheters in, 146
hemodynamic support
indications, 146t
IABP in, 146
IVUS iin, 149-150, 151
kissing-balloon angioplasty
in, 148, 151
ostial stenosis, 147f
patient management,
145-147, 149-150
severe stenosis, 148f
stepwise management
approach, 149f
SYNTAX trial, 150, 150t
Leukemia, radiation-
associated, 1
LIMA graft lesions. See left
internal mammary artery
(LIMA) graft lesions
Long-term therapy (after
PCl), 177-183
aspirin (See Aspirin)
cilostazol, 18t, 20,
180-181
clopidogrel (See
Clopidogrel)
prasugrel, 18t, 19, 180

thienopyridine, 18, 109, 179

ticlopidine, 18t, 19, 179
warfarin, 181-182
Low-molecular-weight
heparin (LMWH), 21-22,
21t, 66, 80
Lower extremity arterial
interventions, 207-213
complications, 212t
femoropopliteal disease,
208t, 210, 212
Fontaine/Rutherford
classifications, 207
iliac disease, 209, 210f
infrapopliteal disease,
212-213
patient management, 207
TASC Il classifications,
207
Lower extremity peripheral
artery disease (PAD),
207, 208t
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Magnetic resonance
angiography (MRA), 187
Mechanical catheters (for
IVUS), 73
Medical imaging. See also
Cineangiography;
Computed tomography
angiography; Computed
tomography scan;
Intravascular ultrasound;
Optical coherence
tomography
cardiac techniques, 9
contrast imaging, 201t
magnification/radiation
emissions, 7
multimodality, 260
radiation doses, 3t
trimodal, 257, 258
X-ray systems, 9
Medina classification of
bifurcation lesions, 133,
134f
Mesenteric ischemia, 191, 192
Mesentery artery stenosis
(MAS), 191,193
Mitral regurgitation (MR),

237f
Modified Allen’s Test
(MAT), 31

Morbidity issues from
radiation exposure, 7-8
Mucomyst (acetylcysteine),
89

Murine monoclonal anti-
CD34 antibodies, 66

MUSIC study, 72

Myocardial infarction (MI).
See Acute myocardial
infarction; ST-elevation
myocardial infarction

N

New York Heart
Association (NYHA)
heart failure Class IIl/1V,
235, 236t

Nicardipine, 23, 23t, 105,
107

Nitrates, 22, 212t

Nitroglycerine, 23t

in ethanol septal ablation,
244

for PCl/radial artery
complications, 174

Nitroprusside,
intracoronary, 105, 107

Non-ST elevation
myocardial infarction
(NSTEMI), 94. See also
ST-elevation myocardial
infarction

Noncoronary interventions
(for PCI)
carotid artery, 197-204
lower extremity arteries,
207-213
renal and mesenteric
artery, 187-193
Nondihydropyridine calcium
channel blockers, 23
Nonsteroidal
antiinflammatory drugs
(NSAIDs), 181t
Norepinephrine, 23t, 24
Nuclear medicine, 2f
Nuclear stress test, 2

o

Optical coherence
tomography (OCT),
73-74

Orbital atherectomy, 159,
211t

Ostial stenosis, 147f, 192f

Ostium primum (ASD), 217

Ostium secundum (ASD), 217

Over-the-wire (OTW)
catheters, 55t

P

Paclitaxel-eluting stents,
83-84, 103, 105
PARTNER trial. See
Placement of AoRTic
TraNscathetER Valve
(PARTNER) trial
Patent foramen ovale (PFO)
closure, 217, 227, 229
Amplatzer PFO occluder
placement, 229f
closure devices, 218, 220f,
220t
conditions associated
with, 219t
PELOPS (Paclitaxel-
Eluting Stent Long-
Term Outcomes in
Percutaneous Saphenous
Vein Graft Interventions)
study, 103, 105
PercuSurge emboli
protection devices,
103, 153
Percutaneous coronary
interventions (PCl), 17.
See also Complications
of percutaneous
coronary interventions
(PCI)
adjuvant pharmacotherapy,
65-67
annual procedure data, 17
antiplatelets, 17-20

antithrombins, 20-22
balloon catheters, 54-56
in cardiogenic shock,
89-97
with ACS, 91, 93-94
coronary artery stenting,
59-67
FFR evaluation of, 70
guidewires, 48-53
guiding catheters, 3948
IVUS residual dissection
detection, 71-72
STEMI patient selection,
79-80
Percutaneous coronary
interventions (PCI)
of bifurcation lesions,
131-137
equipment, 133, 135
MADS treatment
classification system,
132f
Medina classification of,
133, 134f
planning/risk assessment,
133
stepwise approach, 136t
techniques, 135
treatment algorithm, 134f
two-stent approach,
136-137
Percutaneous coronary
interventions (PCI)
of calcified coronary
lesions, 123-127
dilation catheters in, 125
equipment needs, 126,
127t, 128
guidewires for, 124-125
guiding catheters for,
124, 125t
intravascular ultrasound,
123-124, 124f
patient management,
123-125, 123-1125
stents in, 125
Percutaneous coronary
interventions (PCl) of
CTO, 107, 109-120
algorithm for tool
utilization, 113f
angiographic/technical
considerations, 112t
antegrade techniques,
1M11-114
anticoagulation, 109
arterial access, 109
guide catheter selection,
110111
procedural considerations,
110t
PTCA catheter
advancement, 116f
retrograde technique, 115,
117, 118f



subintimal tracking/reentry
techniques, 119
success rates/
complications,
119-120, 119f
wires/wiring techniques,
111-114, 116f
Percutaneous coronary
interventions (PCI) of
SVG
complications of, 105, 107
emboli protection
devices, 103
guide catheter choice,
102-103
guidewires, 103
pharmacology, 102
site/morphology-based
approach, 103f
stent choice, 103, 105
Percutaneous transluminal
angioplasty (PTA),
187-189, 191, 192f, 193
Percutaneous transluminal
coronary angioplasty
(PTCA), 142, 165-166
Percutaneous valve
replacement, 247-261
complications, 260
detailing techniques
delivery system, 255
implantation, 256258
postimplant, 259
preimplantation, 255
valve access, 254-255
devices
CoreValve, 250, 252t,
254, 256f, 258, 259f,
260
Edwards valve, 250, 253,
256, 257f
SAPIEN valves, 247, 249¢,
250, 253f, 255, 256,
257f, 260
hemodynamic/pacing
effects, 257f
PARTNER valve trial,
247,248t
patient approach, 247
placement, 248t
published series of,
252t-253t
retrograde/transapical
approaches, 256f
transcatheter-based
prostheses, 249t
Perforating peptic ulcer, 79
Peripheral artery disease
(PAD), 207, 208t
Phased-array catheters (for
IVUS), 73
Phenylephrine, 23t, 24
Phosphodiesterase Il
inhibitors, 20. See also
Cilostazol

Phytoestrogens, 66

Pimecrolimus, 66

Placement of AoRTic
TraNscathetER Valve
(PARTNER) trial, 247,
248t

Plavix, 189

Plethysmography (PL),
31, 32f

Polytetrafluoroethylene
(PTFE)-covered stent,
169, 171f

Prasugrel, 18t, 19, 24, 146,
180

Prednisone, 12t

Pregnancy, radiation risks,
8-9, 10t

Pressure angioplasty
guidewires, 69

Primary percutaneous
coronary intervention,
79-80

Pronto catheters, 159

PROTECT | Trial, 96f

Proximal-flow EPDs, 153

Proxis catheter, 156

PTCA. See percutaneous
transluminal coronary
angioplasty

Pulmonary embolus, 79

Pulse oximetry (OXP),
31, 32f

Pulsed fluoroscopy modes,
4

Q

QuickCat catheters, 159

R

Radial artery. See
Transradial access
Radiation-associated
leukemia, 1
Radiation principles, 1-9
ALARA concept, 4
deterministic/stochastic
effects, 1, 2
distance/inverse square
law, 7
dosage limits, annual, 9t
exposure sources, 2f
fetal exposure, 8-9, 10t
illness predispositions, 8
medical imaging doses, 3t
operator safety issues,
7-8
relative quantities, 5t-6t
scatter/image view, 8t
Radon, 2f
Rapid exchange (RX)
balloon dilatation
catheters, 55t

Ratio-6-nonionic dimeric
compound (contrast
agent), 11-12

Renal and mesenteric artery
interventions, 187—193.
See also Percutaneous
transluminal angioplasty

clinical considerations,
187-188

mesenteric ischemia,
191,192

renal artery stenosis
(RAS), 187-188, 189f

Rescue percutaneous
coronary intervention, 80

Rheolytic thrombectomy, 83

Right common femoral
artery stenosis, 211

Right main coronary artery
(RMCA) take-off, 40, 42f

Rotablator™ (rotational
atherectomy), 126

Rotafloppy ™ wire, 124

Rotational atherectomy
(RA), 124, 126, 146, 153

Rotational atherectomy
(RA) devices, 156-159,
211t

differential cutting
principles, 157f

results, 159

selected trial evaluations,
158t

technique, 158-159

Rubicon system EPDs, 153,
155t

Rutherford classifications
(lower extremity
atherosclerotic disease),
207

S

Saphenous vein graft (SVG)

intervention, 101-107

balloon angioplasty for,
107

bare metal stent
placement, 106f

chronic total occlusions
(CTO) of, 107

complications of, 105, 107

DES vs. BMS, 105

emboli protection devices

deployment, 106f

pros vs. cons, 104t

trial outcome predictors,
104t

graft lesion locations, 102

guide catheter choice,
102-103

guidewires, 103

LIMA graft lesion vs., 139

pharmacology, 102
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proximal anastomoses of
grafts, 101
redo CABG vs. PCl, 102
stent choice, 103, 105
thrombotic lesion, pre-
graft, 105f
SAPIEN valves, 247, 249t,
250, 253f, 255, 256,
257, 260
Severe stenosis, 148f
SFA disease. See superficial
femoral artery (SFA)
disease
Should We Emergently
Revascularize Occluded
Coronaries for
Cardiogenic Shock
(SHOCK) trial, 91, 93
Single-wire antegrade
technique in CTO,
11-114
Sinus venosus (ASD), 217
Sirolimus-eluting stents,
83,103
SpideRX protection device,
153, 155¢, 156
ST-elevation myocardial
infarction (STEMI),
7984, 85f. See also Non-
ST elevation myocardial
infarction
ACC/AHA guidelines, 84
adjunctive thrombectomy,
81t, 82-83, 83f
bare metal vs. drug-eluting
stents, 83-84
cardiogenic shock and,
84
differential diagnosis
for, 79
guide catheter selection,
82
guidewire choice, 82
IABP in, 90
optimal views for, 86
patient selection, 79-80
pharmacology, 80, 81t,
84, 86
primary goal in, 84
stent positioning, 86
TIMI clinical risk score,
79, 80f
Stenosis
celiac artery (CAS), 192f
coronary, 69, 70
epicardial coronary, 70
femoral artery, 211
left/right common femoral
artery, 211f
mesentery artery, 191
ostial, 147f, 192f
renal artery, 187
severe, 148f
superior mesenteric
artery (SMAS), 192f

Stent design, 59-60. See also

Bare metal stents; Drug-
eluting stents

Stent loss (PCl

complication), 165-167
management, 165-167
small balloon technique,

166f
snare retrieval, 167f
special issues, 167
two-wire technique, 166f

STENT (Strategic

Transcatheter Evaluation
of New Therapies)
study, 105

Stenting procedure, 61-65

adjuvant
pharmacotherapy,
65-67

advancement, 63

bare metal vs. drug-
eluting, 18, 63, 65,
83-84, 103, 105, 125,
142,177,213

carotid artery
interventions, 200-204,
202t-203t

choice of stent, 61

deployment, 63-64, 64t

direct vs. predilation
balloon angioplasty, 64

IVUS-guided, 72

OCT evaluation, 73

in SFA disease, 212

in STEMI, 86

Stochastic effects (of

radiation), 1, 2

Structural heart disease

atrial septal defect
closure, 221-227

ethanol septal ablation,
235-244

patent foramen ovale
closure, 227-232

percutaneous valve
replacement, 247-261

Superficial femoral artery

(SFA) disease, 210, 212

Superior mesenteric artery

(SMA) stenosis, 192f

Synergy Between PCl with

TAXUS and Cardiac
Surgery (SYNTAX) trial,
150, 150t

T

Tacrolimus, 66
TandemHeart system,

95-96, 146

Target vessel failure (TVF),

83

Tension pneumothorax, 79
Thienopyridine, 18, 109, 179,

182. See also Clopidogrel

Thoron, 2f
Thrombectomy devices, 83f,
159-162
AngioJet system, 160
aspiration thrombectomy
catheters, 159
excimer laser, 160-162
Thrombocytopenia,
heparin-induced, 20-21,
66
Ticagrelor, 18t, 19
Ticlopidine, 18t, 19, 179
TIMI clinical risk score (for
STEMI), 79, 80f
Tirofiban, 18t, 20
Transatlantic Inter-Society
Consensus (TASC II)
classifications (lower
extremity atherosclerotic
disease), 207
Transcatheter aortic
valve implantation
(TAVI), 247, 250, 254,
259, 260
Transesophageal
echocardiogram (TEE),
217, 218, 220f, 221f,
229,232
Transradial access
anatomy, 32f, 33f
arterial puncture/sheath
selection, 31, 33
bifurcating artery, 34f
complications of, 35
radial artery intervention,
34f
TR band compression
system, 35f
ulno-palmar arch
assessment, 31, 32f
TriActive system EPDs,
153, 155t
Tyrosine-derived
polycarbonate REVA
stent, 66

U

Ulno-palmar arch
assessment, 31-33,
32f 35

Ultra-thin Doppler, 69

Ultrasound. See also
Intravascular ultrasound

Doppler ultrasound, 30
intrarenal ultrasound,
190-191, 193
Unfractionated heparin,
20-21, 21t
ACC/AHA guidelines,
22,24
in coronary artery
stenting, 66
dosage variability,
20-21



for ethanol septal
ablation, 239t
with glycoprotein lIb/llla
inhibitors, 20, 21t
in PCl of CTO, 109
for STEMI, 80, 81t
Unstable angina, 17, 65, 90,
160, 161f, 189f

v

Vascular access
arterial techniques, 27, 28f
brachial artery, 35-36

femoral arterial access,
29-31
transradial access, 31, 32f,
33, 33f, 34f, 35
Vascular endothelial
growth factor (VEGF),
66
Vasodilators, 107. See also
Adenosine; Calcium
channel blockers
Vasopressors, 23-24
VEGAS 1 Anjiolet trial,
160
VEGAS 2 AnjioJet trial, 160

Verapamil, 105, 174
in PCl of SVG, 105
for PCl/radial artery
complications, 174

w

Warfarin, 181-182
Wiggle™ Wire, 125

X

X-ray films, 2
X-ray radiation, 1-9
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Figure 3.1 Cook micropuncture kit. This radial artery access kit utilizes a 21-gauge
needle for arterial access, over which a 0.018-inch nitinol wire is advanced. The outer
surface of the introducer and the distal tip of the inner dilator are coated with AQ® hy-
drophilic coating. Depending on the manufacturer, sheaths are available in long

(23 cm), standard (13 cm), and short (7 cm) lengths.

Figure 3.3 Femoral arterial access using fluoroscopic landmarks.



Figure 3.9 TR Band radial compression system.
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Figure 4.1 Importance of secondary curve and aortic wall angle in support. Ikari

et al? performed elegant experiments to analyze the physics of support provided by
guiding catheters. Their findings confirmed the clinical experience that support is af-
fected by two aortic root factors: (1) the angle the catheter makes with the contralateral
aortic wall, and (2) the length of the contact area of the catheter against the contralateral
wall. This highlights the importance of considering aortic root dimensions in deter-
mining the likely amount of support provided by the guiding catheter. 0 refers to angle
between catheter and contralateral wall; r, radial access; f, femoral access. Reprinted
from lkari Y, Nagaoka M, Kim ]Y, Morino Y, Tanabe T. The physics of guiding catheters
for the left coronary artery in transfemoral and transradial interventions. | Invas Cardiol.
2005;17:636-641, with permission of the publisher (HMP Communications).




Commonly used angioplasty guide catheters for the native coronary
arteries. From left to right, the Judkins left (JL) coronary curve, the Judkins right (JR)
curve, the Amplatz left (AL) coronary curve, and the Amplatz right (AR) coronary
curve. Reprinted from Holmes DR, Mathew V. Atlas of interventional cardiology, 2nd ed.

Philadelphia: Current Medicine, Inc., 2003, with permission of the publisher (Current
Medicine Group LLC).



Table 4.5 Features of common guiding catheters

Name Curvature Size (cm)

Advantages

Disadvantages

Judkins Left (JL) 1° curve: 90 degrees Determined by length of arm

P o . between 1° and 2° curves:
\ 2° curve: 180 degrees JL35, )L, JLS, JLé

 Adequate for straightforward
LAD PClI cases

« May be best choice in ostial
lesions

« Sharp primary curve may limit
coaxial alignment in many cases

« Poor support in complex LCX
cases

Judkins Right (JR) Determined by length of
secondary curve:

JR3.5, JR4, JR5, JR6

1° curve: 90 degrees
2° curve:30 degrees

« Adequate for simple RCA PC|
cases

Primary curve limits coaxial
engagement in anterior RCA and
superiorly RCA take-off

Amplatz Left Amplatz
(AL) Right (AR)

Determined by length of
secondary curve: AL1-AL3,
AR1-AR3

1° curve: tapered tip
perpendicular to secondary
curve

2° curve: pre-shaped half
circle

« Provides excellent support for
most complex PCl

« Appropriate for LCX lesion

« Useful in cases where JL/JR
guides unable to provide
adequate support

May not be useful and is not
recommended for ostial lesions

Straight tip with long circular
curve

Determined by length of
secondary curve: XB3.0, XB
3.5, XB4.0

Extra Back-Up (XB)
e

* Provides excellent support due
to long circular curve laying
against contralateral aortic wall

« Commonly used in most labs
as workforce guide for left
coronary interventions

May not be appropriate for very
short left main

Multipurpose (MPA) Straight with single minor

bend at tip (primary curve)

Can be used for hard to engage
grafts

Not used commonly

PCI, percutaneous coronary intervention; LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery.
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A screen shot demonstrating simultaneous recordings of aortic pressure
and post-stenotic arterial pressure used to calculate fractional flow reserve (FFR). In
this case, the FFR was 0.87 at maximal hyperemia, indicating a non—flow limiting stenosis.

Thrombectomy devices. (A) Different thrombectomy devices currently
used in ST elevation myocardial infarction (STEMI) intervention. Angiojet thrombectomy
device. (B) Different thrombectomy devices currently used in ST elevation myocardial
infarction (STEMI) intervention. Pronto extraction catheter. (C) Different thrombectomy
devices currently used in ST elevation myocardial infarction (STEMI) intervention. Export
manual aspiration catheter.



StarFlex (CardioSeal) Sideris COD (Center On Demand)
Self-centerging Nitinol Threads

Selected percutaneous atrial septal defect closure devices. The manu-
facturers are imprinted on the pictures.
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Selected percutaneous patent foramen ovale closure devices. The
manufacturers are imprinted on the pictures.



Transesophageal echocardiography proving a patent foramen ovale
by passage of aerated saline appearing as bubbles (left) and as a Doppler shunt (right)
through a patent foramen ovale after a Valsalva maneuver. Patency of the foramen ovale
can be semiquantitatively assessed by counting the number of bubbles in the left atrium
on a still frame: small shunt (0-5 bubbles), moderate shunt (6—20 bubbles), large shunt
(>20 bubbles). LA, left atrium; RA, right atrium.

Device peeking out to avoid air when connecting

Placement of an Amplatzer Septal Occluder. Step 4: Device within the
loader ready for connection with the delivery sheath.



Placement of an Amplatzer Septal Occluder. Step 10: A right atrial
contrast angiogram delineates the atrial septum (dashed lines). The device should be
visualized in perfect profile without any disk overlap. The device is then released.

Mitral regurgitation. Transesophageal echocardiography is necessary
in patients with moderate to severe mitral regurgitation, in order to assess etiology of
mitral regurgitation (MR). Mitral regurgitation due to hypertrophic obstructive cardio-
myopathy and systolic anterior motion of the mitral valve results in posteriorly directed
MR. Turbulence to flow in the outflow tract that divides into two separate jets (one into
the aorta and the other posteriorly directed into the left atrium) results in the classic “Y”
sign, indicating that MR is solely related to hypertrophic obstructive cardiomyopathy and
is likely to respond to septal reduction therapy.



A) Edwards SAPIEN value prosthesis. B) SAPIEN XT value prosthesis.

Balloon-expandable Balloon-expandable

Stented prosthesis Stented prosthesis

Stainless steel tubular frame Cobalt-chromium frame (thinner struts)
Tri-leaflet bovine pericardial tissue value Tri-leaflet bovine pericardial tissue value
(sutured within frame) (sutured within frame)

Lengthened fabric sealing cuff. Lengthened fabric sealing cuff.

Figure 12¢.2 Edwards valve prostheses.

Self-expanding

50-mm-long nitinol stent

Three bovine pericardial leaflets (mounted and sutured within the frame)
Supra-annular value function

Intra-annular implantation

Sealing skirt

Figure 12¢.3 CoreValve prosthesis.



Figure 12c.4 RetroFlex2 delivery system for Edwards prostheses.

Figure 12¢.5 Revalving delivery system for CoreValve prosthesis.



i/ Retrograde or transfemoral technique
The catheter is advanced to the stenotic
aortic value via the femoral artery.

Advantages
Faster, technically easier than antegrade approach

Disadvantages
Potential for injury to the aortofemoral vessels
Crossing the stenotic aortic valve can be challenging

Transapical technique

A valve delivery system is inserted via a small intercostal incision.
The apex of the left ventricle is punctured, and the prosthetic
valve is positioned within the stenotic aortic valve.

Advantages
Access to the stenotic valve is more direct
Avoids potential complications of a large peripheral access site

Disadvantages
Potential for complications related to puncture of the left ventricle
Requires general anesthesia and chest tubes

Figure 12c.6 Retrograde and transapical approaches. From Singh IM, Shishehbor
MH, Christofferson RD, Tuzcu EM, Kapadia SR. Percutaneous treatment of aortic
valve stenosis. Cleve Clin | Med. 2008;75(11):805-812, with permission of the publisher
(Cleveland Clinic Center for Medical Art & Photography).




Edwards SAPIEN deployment.

CoreValve positioning.

Ascending aorta

Aortic sinuses with
coronary ostia

Aortic valve annulus

Left ventricle
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