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Radial Artery Approach
 

MAURICIO G. COHEN and SUNIL V. RAO

INTRODUCTION

in 1989, Lucien Campeau published his successful series of

100 coronary angiographies performed via the left radial artery
with minimal occurrence of complications.1 Subsequently in

1993, Kiemeneij performed percutaneous coronary interven—
tiotts (PCI) using 6F guiding catheters in a time when most
interventional procedures were performed with larger EIF
catheters.z Since then, transradial access ('l'RA) has continued

to gain popularity in some regions of Europe, Canada, South
America. Japan. and other sites outside of the United States
where ”IRA is used in more than 60% of the cases.3 The most

compelling reason for adopting TRA is the increased patient
safety that results from the virtual elimination of access
site bleeding and vascular complications. In addition, TRA
is associated with early sheath removal, improved patient
comfort, faster recovery, and lower costs in CompariSOn with
transfernoral access"6 However, a relatively steep learning

curve, increased radiation exposure, incompatibility of the
radial artery with sheaths larger than 6F required for large
rorablator burrs and complex bifurcation stenting, and higher
access failure rates have been cited as reasons for not system—
atically adopting "IRA.” An early analysis of the American
College of Cardiology National Cardiovascular Data Reg—
istry (ACCINCDR) of procedures performed between 2004
and 2007 demonstrated a minimal use of Tim in the United

States, with almost 90% of centers performing less than 2% of

cases using the radial artery approach,” However. interven-
tional cardiologists have been more. open to change and TRA
has gained renewed momentum in the United States with the
recognition of access site bleeding as a predictor of adverse
outcomes post-PCI,” wider access to training opportuni—
ties, and the inception of dedicated micropuncture needles.
hydrophilicvcoatcd sheaths, and radial hemostasis devices.

A more recent analysis including 1.776.625 patients treated
at more than 1,200 U.5. hospitals demonstrated a significant

uptake in IRA use from 1.3% in 2007 to 12.7% in 2011_“

The ACCIAHA/SCAI guidelines now include TRA as a class
[IA recommendation with a level of evidence A to decrease;

access site complications." A class llA recommendation for
TRA is also included in the most recent European guidelines
for the management of acute ST segment elevation myocar—
dial infarction in the setting of primary PC], if performed by
an experienced radial operator.“5

ANATOMICAL CONSIDERATIONS

The radial artery arises together with the ulnar artery from
the bifurcation of the brachial artery just below the bend
of the elbow. The radial artery passes along the lateral side

of the forearm from the neck of the radius to the forepart ol
the styloid process in the wrist and is smaller in caliber that

the ulnar artery. it then winds backward, around the lateral
side of the carpus. The distal portion of the artery in the fore-
arm is superficial. being covered by the integument and tht
superficial and deep fascia, lying between the tendons of tht
brachioradialis and flexor carpi radialis over the prominencr

of the radius. With an average diameter of 2.8 mm in female.I
and 3,1 mm in males, the radial artery is compatible with 61"

sheaths. The artery is accompanied by a pair of venae comi-
tantcs throughout its whole course, which can be used to per-
form right heart catheterization (RHC).”"°

Several anatomic characteristics explain the marltct
safety advantage of the radial artery over the femoral artcr';
approach. The flat, bony prominence of the radius provide:
ease of compression and hemostasis after sheath removal; tl‘tl
vast collateralization of the radial artery through the palma

arch prevents ischemia of the hand; because the puncture sin
is not overlying a joint, motion of the hand or the wrist doe
not increase the risk of bleeding; and because of the absenct
of major adjacent nerve structures. there is no rislt of neuro
logic sequelae,20 in contrast, the ulnar artery is deep lying
mobile, adjacent to the ulnar nerve, and consequently no

. 17m.
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ideal for first-line vascular access. Despite this, ulnar access

has been used successfully for coronary procedures, without
evidence of an increased rate of complications when com—

pared with TRA.21 The ulnar artery should not be used after
a failed ipsilateral radial attempt because of a possible small
risk of complete obstruction ofcirculation to the hand,

The interventions] cardiologist should be aware of rela—

tively uncommon anatomic anomalies that. may impede the
advancement of catheters to the aorta or increase the rislt of

failure or complications. Variations include tortuous radial

configurations, stenoses, hypoplasia. radioulnar loops, aber-
rant right subclavian artery Carter-ta lusoria), and abnormal
origin of the radial artery.“-” In a series of 1.540 transradial

procedures, anatomic anomalies were found in about 15% of
cases. A high radial artery origin at the level of the mid or

upper humerus was found in 7% of cases and was associated
with a failure rate of 4.6%, a loop in the proximal radial artery
was found in- 2.3% of cases and associated with a high failure
rate of37.l%, severe iortuosity was found in 2 %, and other
miscellaneous anomalies in 2.5% of cases. These anomalies

are usually unilateral, therefore vascular access crossover to
the left radial artery may be indicated in cases of extreme tor-
tuosity or angulated radial loops.” Significant subclavian or
brachlocephalic toriuosiiy is present in about 10% of cases

and is usually associated with advanced age, short stature,
and longstanding history of hypertension, However, subcla—
vian tortuosity is rarely a cause of procedural failure because
it can be easily negotiated by the use of deep inspiration or
supportive guidewires.” In rare cases ((1%), the right sub—
clavian artery arises directly from the distal segment. of the
posterior aspect of the aortic arch and has a retroesophageal
course toward the right upper extremity. This anomaly is
known as arteria lusoria and represents a formidable chal—
lenge for advancing a catheter from the subclavian artery to
the ascending aorta. This anomaly is mostly asymptomatic
but can be associated with dysphagia.22

Preprocedure Assessment—Testing
for Dual Circulation to the Hand

""11 Patients undergoing TRA procedures in the catheteriza-
11011 laboratory should be assessed and undergo preparation
according to a standardized protocol. Depending on the oper-
ator's Preference, the gtoins can be prepped along with the
W515. Placement of intravenous lines in the vicinity of the
Wrist should be avoided. Sedation is strongly recommended
to. decrease catecholamine release that can potentially con—
mbutfl to radial spasm.

There is significant variability in the vascular anatomy
:{nlhe hand. The superficial paimar arch that connects the
of c“ and radial arteries is complete in approximately 80%

fists and the predominant blood supply to the band is

Page 7

thought to be from the ulnar artery in the majority oi'cases.“
In 1929, Edgar Van Nuys Allen introduced a "compression
test” to diagnose arterial occlusion resulting from thrombo—
angiitis obliterans or Energer disease. The test consists of

simultaneously compressing the ulnar and the radial arter—
ies at the level ofthe wrist for approximately 1 or 2 minutes,

the patient closes the hand tightly to squeeze as much blood
out as possible, then quickly opens the hand and extends the
fingers; then the operator releases compression of the ulnar

artery and waits for the hand to regain color. In individuals

with integrity of the hand circulation and a patent palmar
arch, the pallor of the hand is quickly replaced by blushing
of higher intensity than normal in about 5 to 9 seconds.
Because the Allen‘s test is largely subjective and yields more
than 30% of falsely abnormal results, Barbeau and cowork-
ers modified the test by attaching a pulse oximeter to the

thumb to record oxygen saturation and plethysmography.
in a study including 1,010 patients, Barbeau and colleagues
described faur reading patterns: no damping of the pulse

waveform immediately after 2 minutes of radial compres-
sion, positive ortimetry (Type A, frequency 15%); damping

of the pulse waveform and positive oxinictry, followed by
complete recovery within 2 minutes of compression, (Type
B, frequency 75%); loss of pulse waveform, negative oxim-
etry, with partial progressive recovery of the pulse wave—
form and oximetry within 2 minutes of compression (Type
C, frequency 5%); loss of pulse waveform, negative oxim-
etry. without recovery of either pulse waveform or oxim—
etry after 2 minutes of compression (Type D, frequency 5%)

(Figure 7.1). After analyzing these patterns in the right and
left wrists of the study participants, only 1.5% showed a

bilateral Type D pattern and these patients did not undergo
TRA procedures. In summary, this study sugge'sts that
almost all patients are eligible for TRA procedures without
risk ofischemic complications to the hand.” Some operators
have challenged the utility of testing the collateral circula-
tion of the radial artery, stating that the presence of a rich
collateral system and the presence ofinterosseous branches

that supply circulation to the hand could possibly allow to
tolerate concomitant radial and ulnar artery occlusion}6 It‘i
addition, there is no evidence indicating that the modified
Allen’s tcsi predicts hand ischerttia after TRA procedures,
HUWever. as part of the catheterization laboratory routine
in most sites, a modified Allen's test using pulse oximetry
and plethysmography is usually performed and the results
documented.

Patient Positioning—Right versus
Left Radial Access

TRA can be performed through the left or the right radial

artery. Due to ergonomic considerations. most Operators pre—
fer using right TRA. Regardless of the side of choice, a com-

fortable position for the patient and the operator is crucial
for successfully performing TRA procedures. The patient is
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lation of the palmar arch.The presence of an arterial waveform on plethysmography (even if delayed
or with reduced amplitudel and an oxygen saturation above 90% (Grades A, B, and Cl confirm the

 

presence of dual circulation to the hand.

positioned supine on the angiographic table. With right-sided
Tim, an arm hoard extension is attached to the right hand

side of the table. lntportantly, there should be a platform that
extends from the distal portion of the patiean hand to the

table controls so that equipment can be placed in this area.
Arm boards are commercially available in different shapes

and designs. Many laboratories have opted for trapezoid-
shaped acrylic glass board, with the narrow end tucked under
the mattress at the shoulder level and the broad area at the

wrist level (Figure 7.2). The patient's right arm is placed
on the board and abducted at a 30° angle. The right wrist is
placed in a hypcrextended position using commercially avail-
able splints or a rolled towel behind the wrist with the fingers

taped to the arm board. A pulse oximeter probe can be placed
in the right thumb for continuous monitoring of the circula—
tion to the hand throughout the procedure (Figure. 7.3).1‘50th
groins may be prepped as well, depending on the anticipated
need for femoral access.

For left "IRA, the setup is completely different and varies
widely across catheterization laboratories. As with right TRA,
the operator stands on the right side of the patient for left
TRA to avoid disruption of the traditional laboratory setup.

The patient is positioned supine on the table and a custom
arm rest, made of foam or pillow material, is attached to the
left side of the table to elevate and prenate the left arm and
guide the forearm toward the midsection of the patient’s body
and place the wrist over the leg where it can strapped to a
splint (Figure 7.2).

It has been shown that the prevalence of subclavian
tortuosity and radial loops is three times higher in the
right upper extremity." With right "IRA the catheter has
to pass through the right suhclavian artery and the bra-
chiocephalic trunk before reaching the aortic root. These
two areas of bifurcation can increase technical. difficulty,
especially when these vessels are atherosclerotic, tortuous,

and calcified. Since the left subclavian artery arises directly
from the aorta, the path followed by the catheter in the left

radial route into the ascending aorta is more straightfor-
ward, often resulting in less complex catheter manipula-
tion. In addition, left TRA should be strongly considered
in patients who have undergone coronary artery bypass
grafting (CABG), because it provides direct access to the
left internal mammary artery (LIMA). Certainly, the LIMA
can also be cannuiated from the right radial route. but this
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.‘Figm Positioning of the arm for right or left radial access. A.The right arm is placed on the board abducted
' at a 30° angle. B.The left arm rest on a large pillow placed on a regular arm board that guides the fore—

arm towards the midsection of the patient’s body, placing the left wrist on top of the left groin.

is significantly more challenging from a technical stand-
point with a potential risk of anabolic stroke due to catheter
manipulation and exchanges in the aortic arch. Random”

izetl data comparing right versus left radial access sug-
gested that using left TRA during the learning curve may
be advantageous as it allows novice operators to acquire the
skills and confidence required for transradial procedures
more quickly than the right radial route. in the TALENT

trial (Transradial Approach {Left versus. Right] and Pro—
cedural Times during Percutaneous Coronary Procedures)
1,500 patients were randomized to right or left TRA, The
SILIClY found that among trainees, left TRA was associated
with a significantly shorter learning curve, with progres—
Sive reductions in cannulation and fluoroscopy tithes as the
Operator volume increased, compared to right TRA.19-29

Radial Puncture

There are a number of TRA kits available in the market. in gen—
eral, these kits include a rnicropurtcture needle, a short 0,018
to 0.021 inch wire, and an arterial sheath with or without

hydrophilic coating of shorter (10 to 13 cm) or longer (23 cm)
length. Sorne operators advocate the use of longer sheaths to

avoid difficulties with catheter manipulation should spasm-1
occur, but a randomized trial comparing sheath lengths on

arterial spasm showed no effect of longer sheaths on reducing
spasm.” On the other hand, hydrophilic coating allows easier

Sheath removal and is clearly associated with less spasm and
patient discomfort.Jl However, in the past decade, Kozak and
colleagues reported sterile abscesses in the wrist alter the use
of a particular transradial sheath brand. These abscesses were

 
 

Positioning of the hand fortransradial access. A.The hand is hyperextended with use of a rolled towel
behind the wrist and tape holding the fingers, B. or with use of a dedicated positioning splint.
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— Transradiai access technique (Step 1). After sterile preparation and draping. the wrist area is locally

anesthetized with lidocaine using a 256 needle and a small 3 cc syringe.

later found to be a foreign-body reaction to the hydrophilic

coating of the sheaths."1 Conservative management ruling out
the presence of infection, local wound care with drainage in
case of abscess formation. and reassurance are recommended

for the management of this complication. Sterile abscesses are
rarely found in contemporary practice as the hydrophilic coat-

ing causing the problem has been modified, although a recent
isolated case of sterile abscess has been reported with new

sheaths.” A recent study randomized 790 patients undergo-
ing TRA P61 in a 2X2 factorial design to shorter (13 cm) or
longer {23 cm) sheaths with or without hydrophilic coating.
Hydrophiiie-eoated sheaths were associated with a significant
reduction in radial spasm (19.0% versus 39.9%, P <’. 0.001)
and patient discomfort (15.1% versus 28.5%, OR 2.27, P 4:
0.001), whereas sheath length did not have any effect in the

occurrence of spasm or patient discomfort.JD In addition.
the operator may consider using smaller diameter sheaths as
5F sheaths are associated with lower incidence of radial artery

  
 
 

occlusion (RAD) than 6F sheaths.“ Therefore. in current prac—

tice, shorter 5F hydrophilic—coated sheaths are preferred.

It is important to administer sedation to avoid the release
of catecholamines associated with the emotional stress and

fear that patients usually experience before the procedure.
which can contribute to radial artery spasm. The site of access

is approximately 2 cm proximal to the radial styloid process,
not at the wrist. The radial artery is most superficial in this
area. Once the patient is prepped in sterile fashion, this area
is anesthetized with approximately 2 to 3 cc of 1% lidocaine
injected with a small syringe and a 25G needle (Figure 7.4).

Usually, the arterial puncture is performed with either a short
2.5 cm, stainless steel. llG needle or a micropuncturc [V cath-
eter that consists of a fine metal needle and a 22G Teflon cath—

eter that allow the passage of a 0.018 to 0.021 inch guidewit‘e.
While feeling the pulse with one hand, the operator advances
the needle into the radial artery at a 30° angle with the other
hand (Figure 7.5). Most operators prefer one of two different

m Transradial access technique—front wall technique (Step 2). With the front wall technique, a short 2.5 cm
21 G stainless-still needle is used to puncture the radial artery.
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IN“ Transradial access technique-front wall technique {Step 3i.The needle is advanced into the radialartery.The blood return indicates the intraluminal needle position.The blood return is rarely pulsatile

or brisk.

access techniques (single-wall versus double-wall or back—wall
technique), With the single-wall technique. a stainless steel
needle is advanced through the front wall of the artery into
the lumen; once blood is noticed in the needle hub the wire
can be advanced (Figure 7.6). Using this technique, the blood
return is rarely brisk or pulsatile and sometimes the wire does
not advance freely because the bevel may be directing the wire
toward the vessel wall. If this happens, the operator should
never force the wire because of the risk of arterial dissection

The needle should be carefully rotated clockwise or counter-
clockwise until the wire can be easily advanced without resis—

tance (Figure 7,7). With the dual-wall or back—wall technique,
a micropuncture catheter is advanced through the front wall
into the lumen of the artery until blood is noticed in the hull
and then intentionally pushed through the back wall of the

artery (Figure 7.8). The fine needle is removed and the small
Teflon microcatheter is slowly withdrawn until the appearance

of brislt pulsatile flow (Figures 7.9 and 7.10). Then, the wire
can be freely advanced and the microcatheter exchanged for the
arterial sheath (Figure 7.1 l). The orifice in the back wall of the
radial artery is sealed once the sheath is in place (Figure 7.12).
This technique has not been reported to be associated with a
higher incidence of wrist hematornas. Proponents of the backs
wall technique argue that this method is simpler, more repro—
ducible, easier to teach, allows easier advancement of the wire.
and that the arterial pulsatile blood return is easier to recognize.

After several unsuccessful puncture attempts, there are

instances in which the radial pulse disappears due to spasm.

In this situation, the operator should reassess the sedation
status of the patient, consider administering 200 to 400 mcg

 
m Transradial access technique-front wall tech

without resistance through the needle intot
a hydrophilic~coeted sheath.

nique [Step 4). A 0.018 inch short guidewira is advanced
he proximal radial artery.Then the needle is exchanged for
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_Transradial access tschnique—back~wall technique (Step 2].The microcatheter and needle are advanced

in a 30° angle through the skin into the radial artery.The presence of blood in the hub of the needle
indicates that the artery has been punctured.The needle is advanced forward through the back wall
of the radial artery.

of subcutaneous nitroglycerin at the site of the lost radial

pulse. and wait patiently for 5 to 10 minutes until the pulse
reappears before attempting a new puncture.”

Even though TRA procedures can be successfully com-
pleted in more than 95% of cases, inability to puncture the

radial artery has been one of the most frequent mechanisms
associated with TRA failure.“ Therefore a consistent and

meticulous radial artery puncture technique could not be

emphasized more. A steep learning curve for TRA proce-
dures has been well described. Spaulding et al., documented
an initial access failure rate greater than 10% that decreased
dramatically to about 2% after the first 80 cases. in addition,
the time required for access and sheath insertion decreased
from 10.2 t 7.6 to 2.8 i 2.5 minutes and the procedure time
also decreased from 25.7 i 12.9 to 17.4- i 4.7 minutes after

the first 80 cases.7 More recently, in a group of 28 operators,

Ball and colleagues documented a stepwise reducticm ofTRA-
PCI failure rates from 7% to 2% (P = 0.01), contrast volume
use from 180 I 79 to 168 i 79 mL (P = 0.05), and fluo-

roscopy times from 15 i 10 to 12 i 9 minutes (P = 0.02)

with increasing procedural volumes. The odds of TM proce—

dural failure showed a steep decline up to 50 cases, and after
100 cases the learning curve flattened. Figure 7.13 Shows that

reasons for failure are different according to operator volume.
It is clear that with experience, the operator can overcome
most hurdles and the major reasons for failure remain radial
artery spasm and extreme vascular tortuosity.9

Prevention of Radial Artery Spasm
The radial artery has a high propensity to develop spasm due
to its smaller caliber, large muscular media, and higher recep-
tor—mediated vasomotion in comparison with similar arter—
ies.“ Radial artery spasm is perhaps the most common TRA
complication and a frequent reason for failure and crossover
to transfemoral access?“ in the catheterization laboratory,
spasm should be routinely prevented using a hydrophilic-
coated sheath with the injection of a single vasodilator or a

cocktail of vasodilators through the sidearm of the sheath
immediately after obtaining access (Figure 7‘14). Most

%
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 Transradial access techni 

across the radial artery.

commonly used vasodilators in order of frequency include
the combination of verapamll and nitroglycerin, verapamil
or nitroglycerin alone, nicardipine, lidocaine, and papav-
crime?” Radial spasm manifests with severe ferearm pain
and unusually difficult manipulation of the catheters and
the sheath. Independent predictors of radial spasm include
the presence of radial artery anomalies, multiple catheter
exchanges, pain during radial cannulation, larger catheter
diameter, and small radial artery caliber."I In extreme cases,
eversion radial endarterectomy has been reported after force—
thI removal of the radial sheath.” When spasm occurs, addi—
tional doses of intraarterial vasodilators, sedation, and use
of smaller 4F to SF catheters to complete the prooedure are
usually recommended. If after these measures the patient
still complains of substantial pain and the catheters are dif—
ficult to manipulate, a limited upper extremity angiography is

 
que—back-Wall technique (

are through the back wall of the radial arteryr the needle is removed and the microcatheter left in place

  
Step 3). Once the tip of microcatheter and needle

recommended to rule out vascular anomalies such as a high
radial origin in the proximal hrachial artery or a radial loop.
in case ofcatheter or sheath entrapment due to spasm, warm
wet compresses can be applied over the skin of the upper
extremity and the sheath or catheter slowly removed, or, in
extremely severe cases, regicunal nerve block may be required.

Navigating the Upper Extremity
Arterial System

Once arterial access is obtained, a 0.035 inch guidcwire and a
catheter of choice are advanced into the ascending aorta tra—
versing the upper extremity arterial system. Choice of guide-
wires differs across operators and local practices. A_l-tip wire
may follow the path of larger vessels and may not selectively

 
the radial artery.

 
Transradial access techniqua—bsck-wall technique {Step 4).Tha microcatheter is retrieved very slowly
until the appearance of brisk pulsatile blood return that confirms that the distal tip is in the lumen of
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m Trsnsrediel access technique-back—well technique {Step 5). A short 0.018 Inch wire, usually included

in the micropuncture transradiel access kit, is advanced without resistance through the rnlcrocethetsr
into the proximal radial artery. In case of resistance, 3 limited angiogram can be performed through
the microcetheter to verify the intreluminal position and rule out the prlsance of vascular anomalies.
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enter into small radial or brachial branches. but the diameter

of the] tip is usually larger than the diameter of the radial

artery and may cause vasospasm. Angled-tip hydrophilic
guidewires with stiff shafts are ideal for negotiating tortuous

anatomy, especially in the subclavian artery and brachioce-
phalic trunk, but these wires need to be advanced under close
fluoroscopic surveillance, as they may inadvertently enter
into and perforate small branches of the radial or brachial
arteries. As full anticoagulation is usually administered dur-
ing transmdial procedures, a small branch perforation can
result in significant hematon‘ia formation.

in a small proportion of cases. the transradial opera-
tor will encounter anatomic variations that may prevent the

TRA experience and mechanisms of failure. (Adapted from BallW. et el. Ciro Cardiovesc inter»r
2011;4:336—341.i PCI, percutaneous coronary interventions;TRA, transrediai access.

advancement of guidewires or catheters into the ascending
aorta. In these cases, the operator will meet resistance to
the advancement of either guidewires or catheters. Due to

the relatively small size of the upper extremity arterial sys-
tem, the operator should never force any equipment against
resistance. Instead, a limited retrograde angiographic assess—

ment should be performed to identify a vascular anomaly or
unusual tortuosity, plan a strategy, and avoid complications.

Radioulnar loops and tortuosity in the radial or brachiai
arteries can be identified and negotiated with the 0.014- inch

coronary wire ol choice with the support of a 4F hydrophilic—
coated Cobra or angled catheter compatible with a 0.035

inch guideWire. Once the tipped coronary wire is positioned

 
 

mm Transrediei access technique-prevention of radial spasm. Once the sheath is in place. the speemolytic
cocktail is administered through the sidearm.
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_Negotiating a radial loop. A. shows the anato
negotiated by advancing an 0.0‘l-‘i inch corona

my of a radial loop. B. shows how the loop can be
ry wire with the support of a short 4F hydrophilic-coated

catheter. C. the catheter has already been advanced through the loop and the coronary wire exchanged
for an 0.035 inch guidewire.

beyond the loop, the hydrophilic catheter is advanced far-
ther in the brachial artery, and then the coronary wire is

exchanged for a regular 0.035 inch guidewire. The loop usu—
ally straightcns as the 0.035 inch wire passes through or with
gentle pullback and counterclockwise torque of the entire
system (Figure 7.15). In the presence of unusual difficulty
in advancing a catheter through a loop or if the patient com—
plains of significant pain, the operator may consider an alter~
native vascular access route.

Occasionally, in the presence of a radioulnar loop, the
guidewire will advance through a small accessory commu-
nicating vessel between the loop and the proximal brachial
artery without resistance (the so-called accessory radial
artery). Under lluoroscopy the wire will appear as it follows
the expected trajectory. but upon advancement of the catheter
the operator will encounter unusual resistance and the patient
will experience severe pain due to spasm. Once this problem
is identified, the operator may opt for downsizing the cath-
eter size, but should recognize that the accessory radial artery
is often extremely small and advancement of catheters into
the artery carries the risk ofdissection or perforation. instead,
it is recommended that the operator negotiates the radioulnar

loop in the forearm, or go to the other radial artery in order to
complete the procedure.

A true high origin of the radial artery in the upper seg—
ment of the hrachial artery may present additional challenges

to the operator. In this case, diagnostic catheterization can be
performed without much difficulty and minimal discomfort
to the patient. However, when ad hoc PCI is planned, unusual
resistance may be felt by the operator when the leading edge
of the guiding catheter encounters the angulated origin of the
anomalous radial artery. Forceful advancement of the catheter

will likely result in dissection, perforation, or avulsion. Faced
with this situation, several options are available. One strategy

is to maintain the guidewire in place, advance a long 125 cm
5F multipurpose or jR4 catheter through the guiding cath-
eter to create a smooth transition between the wire and the

guiding catheter eliminating the leading edge, and advance
the whole assembly without resistance. Another option is to
advance a 300 cm 0.014- inch coronary guidewire into the
ascending aorta, then load a 2.0 X 15 mm angioplasty balloon
on the wire through the guide with half of the balloon pro-
truding from the distal end of the guide. The balloon is then
deployed at nominal pressure and the entire assembly can be
advanced through the arm (balloon-assisted trackingl.“ With
the guiding catheter across, the dissection or small perfora-
tion is usually sealed by the end of the procedure.

Significant subclavian tortuosity can be negotiated by
careful manipulation of the catheter and the use of a stiff shaft
hydrophilicacoated guidew-lre. Having the patient take a deep
breath can also straighten the vessel. The tortuous segment

usually straightens as the stiff part of the wire passes through.
Maintaining the wire in the catheter while attempting to can-
nulate the coronaries can facilitate catheter manipulation and

cannulation. The guidewire can be removed once the catheter
is in stable position. It is emphasized that all catheter and
wire manipulations to negotiate difficult anatomy must be
performed under fluoroscopic guidance. The inexperienced
operator may feel more comfortable using left TRA during the
steep portion of the learning curve because the left subclavian
artery is less tortuous with less areas of resistance compared
with the right subclavian artery.

Forearm bleeding and hematoma formation should be

suspected in the presence of significant pain and swelling
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during or after the procedure. Awareness and early detec-
tion in the catheterization laboratory or the holding area

is important to prevent compartment Syndrome, one of the
most feared complications. Circumferential compression to
the forearm should he applied as soon as the diagnosis is

suspected. This is usually accomplished by wrapping the
forearm with an elastic bandage or a blood pressure cuff

inflated up to 15 mmHg below the systolic blood pressure,

until the Coagulation parameters return to normal values,
usually after 1 or 2 hours (Figure 7.16). A pulse oximeter
should be placed in the ipsilateral thumb to monitor for
hand ischemia. In cases of large perforations, vascular ultra-
sound is recommended to rule out the presence of a pseu-

doaneurysm in the forearm. In extreme cases, compartment

syndrome can develop with need for surgical fasciotorny of
the forearm.“

CATHETER SELECTION

Judkins catheters provide the easiest way to start the transra—

dial learning curve and train fellows. For the left coronary
it is recommended to downsize the curve of theJL catheter

from 4.0 to 3.5 and for the right coronary to use either aJR4
or 1315. All catheter exchanges for Tim procedures should
be performed over exchange length (260 cm) guidewires,
especially in patients with tortuous radial or subclavian
anatomy. More experienced operators may choose a sin—
gle—catheter technique to selectively engage both coronary
arteries with a dedicated catheter shape, thus eliminating

an exchange step and decreasing procedure and fluoroscopy
time, Shapes for single-catheter approach include the mul-
tipurpose, Kimney, MAC, Tiger, Sarah, and Jacky catheters,

among others.” In severe aortic stenosis cases, the Amplatz
Right (ARwl) catheter provides the best central position-
ing in the root of the aorta to cross the aortic valve with
the wire. Regardless of catheter selection, manipulation for

diagnostic or interventional TRA cases should always be
performed with small, fingerabasecl, clockwise and counter—
clockwise torquing movements and active catheter holding
due to the multiple friction points in the subclavian artery
and the aorta.

For patients with prior CABG. the left radial approach
is preferred because it allows easy cannulation of the LIMA,

usually with an IMA or a VB~1 catheter. Of note, the time of
LIMA cannulation is much faster using TRA compared to
transfernoral access. The technique is to advance the cath—

eter proximal to the LIMA take—off, then slowly pull baclc
with clockwise torque. In case of bilateral mammary grafts,
the right-sided approach can be used with crossover to the
left subclavian (Figure 7.17). For saphenous vein grafts, the
left TRA approach is more straightforward than the right

TRA approach. The multipurpose or jR4 catheters can be
used to cannulate right-sided grafts. Amplaiz left catheters
are well suited for grafts arising from the anterior or left
walls of the aorta.“

TRANSRADIAL PERCUTANEOUS

CORONARY INTERVENTION 
For coronary interventions, the 3.5 extra-backup curves
(EBU, KP, Voda) provide adequate support. Studies examin-

ing the physics of catheter engagement and positioning in the
ascending aorta indicate that the lltari catheter provides bet-
ter and stabler support for PCI than Judltins catheters."

  
Prevention and treatment of compartment syndrome after forearm hematoma formation. After a vascu—
lar perforation in the forearm with early hematoma formation, the forearm can be wrapped with elastic
bandage to prevent compartment syndrome. Once compartment syndrome develorts. it is treated With
fasoiotomy.
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“5&9”? Engagement of left internal mammary artery through right radial approach. A.A 4F llVIA catheter is
- ‘ " advanced to the left subclavian artery over a regular hydrophilic wire. B.Thewire is removed and the

catheter is carefully pulled—back and torqued until the LIMA is selectively engagedThIn, the LIMA
can be optimally injected and imaged.

An argument sometimes used against TRA PCI is the lack
of catheter support and inability to perform complex proce-
dures involving bifurcation stenting or large rotational ather-

ectotny burrs. Lack of backup support can be easily overcome
by using a guide catheter extension such as a Guideliner‘" (Vas-
cular Solutions inc, Minneapolis. Minnesota, United States),
a 5F softwtlpped 20 cm flexible catheter that is telescoped

through a 61-“ guiding catheter to deeply incubate the target
vessel. This device does not add complexity to the interven—

tion and provides extraordinary backup support for complex
interventions“ Regarding the need for large bore cathetersi
it is important to keep in mind that most interventions

nowadays can be performed through 6F guiding catheters,
including complex bifurcations and calcified lesions requir-
ing rotational atherectorny (maximum burr size S 1.75 mm).
However, in the minority of interventions that require simul—
taneous introduction of two stent delivery systems or rota-
tional atherectonty burrs of 2.0 mm or larger, a 7F catheter
can he introduced directly throngh the radial artery with-

out an introducer sheath. This is possible because the outer
diameter of a 7F guiding catheter is 2.31 mm, smaller than
the outer diameter of a conventional 6F sheath (2.52 mm)

(Figure 7.18). The sheathless technique can be performed
using standard guiding catheters or specifically designed cath-
eters with hydrophilic coating and a long central dilator that
extends beyond the distal tip of the catheter and tapers down
to the size of a 0.035 inch guidewire that allows for atraumatic

and smooth insertion of the system through the skin."'5° To
apply this technique, radial access is obtained using best local

practice with at SF sheath, then an exchange length 0.03531th
wire is advanced to the root of the aorta. Then the sheath is

removed and directly exchanged for the dedicated sheathr

less catheter-introducer system over the wire. Once the sys-
tem reaches the aorta, the introducer and wire are removed

and the target vessel cannulatcd with standard technique. In
the United States, where sheathless systems are not available,
From and colleagues have successfully performed TRA inter-
ventions using large-bore standard guiding catheters. To facili-
tate insertion and to avoid trauma to the skirt or the radial

artery by the leading edge of the guiding catheter, a “pseudo-
taper” can be Created with the insertion ofa long (125 cm) 5F
multipurpose diagnostic catheter or the dilator of a 110 cm

Shuttle sheath through the 7F standard guiding catheter."v”
Importantly, RAD is a significant limitation of using large-bore
guiding catheters, even when using sheathless techniques.“

RADlAL HEMOSTASIS—PREVENTION

OF RADIAL ARTERY OCCLUSION 
One important advantage of TRA is that the vascular sheath

is always removed at the end of the procedure regardless of
the intensity of anticoagulation or antiplatelet therapy Mul-
tiple methods for radial hemostasis have been described.

Gentle manual compression with one or two fingers at the
arteriotorny site is an effectiVe method. Alternatively, a rolled
piece of gauze can be placed longitudinally at the arteriotomy

————
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Shoathless transradial intervention using standard guide catheters. (From Catheter Cardiovasc interv
2010;7fii7l:911—915. doi:10.1002/ccd.22742.)

site and wrapped with an elastic bandage or a hemoband
around the wrist to maintain prolonged hemostatic pressure
The disadvantage of these methods is the complete inter-

ruption of arterial flow because of the inability to gange the
hetnostatic pressure, It has been demonstrated that the longer

the occlusive pressure the higher the rates of RAD.El In con-
trast, balloon—based hemostatic. devices that apply selective
pressure to the radial artery, such as the TR Band (Tet-unto

Medical, Somerset, NJ) allow fine adjustments of the hemo-
static pressure and direct visualization of the arteriotomy site

through the transparent balloon material. In addition, elastic
bandages and hemobands interrupt venous return resulting in

venous congestion of the hand. After a few minutes, the hand
becomes swollen and bluish, usually alarming the patient and
staff. Applying a pulse (mime-tar to the ipsilateral thumb pro—
vides reassurance by demonstrating intact arterial circulation.

RAD occurs in approximately 5% to 10% ot' transradial
Procedures, most likely due to vessel injury and thrombosis,
and usually manifests as aswnptomatic loss of radial pulse due
to the extensive collateral circulation in the hand from the

ulnar and interosseus arteries that prevent ischentia.52 How—
ever, hand ischemia after TEA procedures can occur and has
been described in a handful of cases. In most of these, RAD

was successfully treated with antegrade aitgioplasty53-5‘ In one

“DlOrtunate case, RAD resulted in amputation of the index
finBEI'.“ in other series, RAD has been associated with fore-

arm and access site pain without hand ischernia. Empiric short

courses of low-molecular weight heparin led to late recanaliza-
“FR-”"7 Lack of anticoagulation during the procedure, larger
diameter sheaths, multiple procedures through the same radial
artery. and prolonged occlusive compression for hemostasis
increase the risk of RAD. However, approximately 25% to 50%
Of RAD cases recanalize spontaneously at 30 days.“Wu

IRAQ can be prevented by using full anticoagulation
during lhfi procedure, usually with 50 to 70 lU/Kg up 10 El
Mammoth of 5,000 IU of unfractionated heparin. and by
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applying minimum pressure for less than 2 hours during
herriostasis.”5H The “patent" nonocclusive hemostasis tech—
nique described by Pancholy to minimize the occurrence of
RAD has become increasingly popular. With this technique,
a balloon—based device is positioned around the wrist with
the sheath in place and a pulse oximeter is attached to the
ipsilateral thumb. Then, while the sheath is being removed,
the balloon is fully inflated with 15 to 18 cc of air to corn—

pletcly occlude the radial artery. Subsequently, the device is
slowly deflated while occlusive manual pressure is applied
to the ulnar artery located at the Guyon canal, lateral to the
pisiforrn bone. Patent hemostasis is achieved when oxime-

try becomes positive and a plethysmographic waveform can
be visualized. This technique assures the presence of ante-

grade flow in the radial artery during hemostasis. Two hours
later, 5 cc of air can be released every 15 minutes until the

device is completely deflated and then removed. Using this
technique, late occlusion rates can be reduced to approxi-
mately less than 5%?" As part of TRA best practices, radial

artery patency should be confirmed with a reverse modified
Allen’s test in all patients after hemostatic device removal

and before patient discharge. In case of early RAD, occurring
on the same day of the procedure and/or before diacharge,
Bernat and colleagues demonstrated that applying 1 hour

of ulnar artery occlusive compression with a balloon-based
hemostatic device can increase peak velocity flow into the

radial artery with reestablishtnent of forward flow. In a study
including t+65 patients undergoing TRA catheterization, the
rates of RAD were reduced from 5.9% to 2.9% in patients

anticoagulated with 2,000 IU of unfractionated heparin and
from 4.1% to 0.8% in patients anticoagulated with 5,000 IU
of unfractionated heparin after applying ulnar compression.
Hence, with intense procedural anticoagulation, meticulous

patent hemostasis, and careful vigilance for early RAO trian-
aged with ulnar compression, RAD incidence can be reduced
to less than 1%6m (Figure 7.19). Even thongh most RAO
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cases are asymptomatic, institutional best practices should be
implemented to prevent this complication mainly because it
limits the possibilities for future transradial procedures, espe—
cially in patients with difficult arterial access, and the remote
possibility of hand ischeinia. Unfortunately, in current prac-
tice. radial patency before discharge is confirmed in less than
50% of cases and about a third of transradial operators are
unaware of the RAD rates in their own practices,“3 Table 7.1
summarizes current strategies for RAO prevention.

TRANSRADIAL ACCESS AND

RADIATION EXPOSURE 
Even though procedural times tend to be similar between tran-
sradial and transfemoral procedures, most randomized trials

have consistently shown longer fluoroscopy time {by approx—
imately 1 to 2 minutes), and modestly increased radiation

Radial occlusion rates improvement over time. (From Rao 5V. JACC: Cardiovasc interv 2012514446.)

exposure to patients and operators for transradial diagnostic
and in terventional procedures. However. most studies did not
correct for improved procedural dexterity and the shorter flu-
oroscopy times that may he realized with greater experience.6i
A large observational study including 5,954 cases adjusting
for patient factors (obesity and gender), technical difficulty
(presence of peripheral vascular disease or bypass grafts), and
operator experience demonstrated that radial access was an
independent determinant of patient radiation exposure with
an increase in fluoroscopy time from 3.82 minutes with femo—
ral access to 5.57 minutes with radial access. However, the
radiation dose was still below the threshold for deterministic

effects with either approach in this study.“
Concerns have been raised about increased operator

exposure with left TRA due to the position of the operator
leaning forward over the patient and the radiation source
located underneath the table to reach the left upper extremity.
However. in the TALENT trial that randomized procedures to

-‘ Strategies Associated with a Reduced Risk for Radial Artery Occlusion 
 Clearly Reduce Risk

Full anticoagulation

Patent hemostasis

Enoxaparin

Smaller sheath diameter {SF}  

Limiting the number of times the Limited duration of arterial
same radial artery is accessed compression

Likelv Reduce Risk. 
  

maintains sheaths

Routine use of spasmolytic drugs 

Sheath length

Sh eathless guide catheters 

  

Limited Effect

_____J
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the right or the left radial approach, the radiation exposure
to the thyroid, trunk. and shoulder, were similar with either

approach. Of note, there was increased radiation exposure to
the wrist of the operator with right compared to left TEA.“

in summary. the data consistently show slightly increased

fluot‘oscopy times and radiation closes with radial compared
with femoral access. but overall exposure remains well below
recommended thresholds. Diagnostic cases may demand
higher fluoroscopy times due to potential challenges in navi—
gating the upper extremity vasculature and in finding the
right catheter for selective cannulation of the coronary arter—
ies. However, once a guiding catheter is well positioned in the

coronary ostium. an interventional procedure can proceed as
if performed via transfemoral access.” Radiation exposure to
the operator can be further reduceri with the use of a mavahle
floor shield, at longer connecting tube between the manifold
and Ihe catheter, and by choosing left radial access in older

patients and when procedures are performed by less experi—
enced operators.2a

BRACHIAL VENOUS ACCESS FOR RIGHT HEART CATHETERIZATION

One of the arguments used against 'fRA catheterization is the
need for concomitant RHC. lnterventional cardiologists are
used to performing percutaneous Rl-lC through the femoral
vein, and therefore feel that if the groin is already accessed, it
just seems easier to perform left heart catheterization through
the femoral artery. There may be some safety concerns with this
approach in anticoagulated patients with high thromhoemholic

i'iSlt, such as those with prosthetic heart valves, hypercoagu—
lahle state, or atrial fibrillation. Bridging from oral to parenteral
anticoagulants is cumbersome and associated with increased

risks. costs, and longer length of hospital stay. Similar concerns

apply to cirrhotic patients with impaired coagulation who are
usually catheterized in anticipation of liver transplant.

RHC through the upper extremity is a simple procedure
and can be easily performed concomitantly with TRA left

heart catheterization through one of the large veins located in
the aniecubital fossa. The operator needs to keep in mind that
there is significant anatomic variability in the upper extrem-
ity venous System with multiple collaterals and redundant
passages. in comparison with arteries, veins are distensible
and spasm is not a problem.

Venous access with an 185 catheter can be obtained by a

nurse in the holding area in anticipation of the procedure. in
the catheterization laboratory, the 1V catheter is exchanged for
a 51*" sheath using a short 0.021 inch wire. Then, 3 SF 120 cm

long balloon-tipped catheter is advanced into the superior vena
two with or without the use of a 0.025 inch guidewire, Once
the tip of the catheter is located in the chest, the balloon can
be inflated and the catheter is flow—directed into the pulmonary
arterym-ms Passage of the catheter is usually straightforward and
can be performed without fluoroscopy by observing the hemo—
dynamic waveforms. In case of venous anatomical variation or
tortuosity, a 0.014 inch coronary guidewit‘e can be used to facili—
tate catheter navigation. A comparison of right and left cardiac
catheterizations performed through the femoral artery/vein ver—
sus radial artery/brachial vein showed that the latter vascular
aCCESS approach was associated with significantly shorter proce-
dural and fluoroscopy times with lower complication rates with
the upper extremity approach.“7 In a case series of 81 cirrhotic
patients with high INR values, the median fluoroscopy time was
8.3 minutes and the volume of contrast used was 90 mL.“

[fa peripheral vein cannot be cannulated before the pro-
cedure, the brachial vein can be punctured with a 2 inch long
186 stainless steel needle using ultrasound guidance in the

catheterization laboratory (Figure 7.20). A tourniquet has
to be placed in the upper arm to facilitate visualization of

 
m Ultrasound—guided access and setup for brachial venous transradial catheterization.
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the vein with ultrasound. Usually two brachial veins can be

identified in close proximity to the brachial artery. The vein

is usually elliptical and easily compressible in contrast to the
artery, which is round and pulsatile.

TRANSRADIAL ACCESS

AND OUTCOMES 
Over the past two decades, the treatment of coronary disease
has evolved significantly and PCI has become an integral

management component along with modern pharmacological
therapies. In the appropriate setting, PCl is associated with a
reduction in morbidity and mortality, in particular in higher»

risk patients with acute coronary syndromes. Advances in
technology and antithromhotic therapies have allowed the
application of PCI to a wide range of patients across the
spectrum of risk, with high procedural success and minimal
ischemic complications.” Over the past decade, it has been
recognized that bleeding after PCI has a significant unfavorable
effect on short- and long-term outcomes. As a consequence,

the management focus has shifted from the prevention of isch—
emic complications to the prevention of bleeding.m Access site
is an important source of bleeding after diagnostic and inter-
ventional catheterization.“-” A number of clinical trials of

relatively modest sample size have consistently demonstrated
significantly decreased bleeding risk and vascular complica-
tion rates with TRA in comparison with transfemoral access,

An early systematic overview of 12 randomized trials (n =
3.224) demonstrated a significant reduction in vascular access

complications with the radial approach (odds ratio [OR] 0.20;
95% confidence interval [CI] 0.09 to 0.42), yet significantly

higher procedural failure compared with femoral access (OR
3.30; 95% Cl 1.63 to 6.71).” However, with advancements

in vascular access equipment and catheter technologies, more

contemporary trials have shown significantly decreased failure
rates. A large Canadian observational. registry of PG for broad
indications suggested a significant reduction in transfusion by

approximately til-0% with IRA associated with a decrease in
mortality at 30 days (adjusted OR 0.71, 95% CI 0.61 to 0.82)
and 1 year (adjusted OR 0.83, 95% Cl 0.71 to 0.98).Er More
recently, the intemational multicenter Radial Versus femorAL
access for coronary intervention (RIVAL) trial randomized
a large patient population with acute coronary syndromes

undergoing PCI to radial (n = 3,507) versus femoral access
(rt = 3,514). There were no significant differences in the pri—

mary outcome, a composite of death. myocardial infarction,
stroke, or non-CABS bleeding at 30 days with radial com-

pared with femoral access (3.7% versus 4.0%. F = 0.50). Of
note, all procedures were performed by high—volume opera-
tors at high—volume centers with very low rates of major

bleeding complication of 0.5% in both arms, significantly
lower than the bleeding rates reported in similar populations
recruited in observational studies. Major vascular complica—

tions were significantly lower with transradial versus trans-
l'emoral access (1.4% versus 3.7%, P at 0.0001). interestingly.

 

subgroup analyses showed a statistical interaction for patients
treated at the highest tadial—per—operator volume centcr5(}1‘lfi
PCUyear/operator) and S'Ilelevation myocardial infarction
(STEMI) patients, favoring transradial over transfemoral
access in these subgroups."

TRA has been also been tested in primary PCI for STEMI
in a number of modestly sized studies that showed a similar

mortality benefit as the EMU. trial in this population."""
These results were confirmed in the Radial Versus Femoral

Randomized Investigation in ST‘Elevation Acute Coronary

Syndrome (RIFLE STEACS) trial. A total of 1.001 patients
with STEMI undergoing primary or rescue [-‘CI were ran-
domized to radial versus femoral access at ‘l‘ high-volume
centers. Inclusion criteria for RIFLE STEACS were broad.

Approximately 10% of the patients were in acute pulmonary
edema or cardiogenic shock, and 8% required intraaortic bal-
loon pumps. Door-to-balloon time was 7 minutes longer with
IRA but the difference was not statistically significant (53
versus 50 minutes, P = 0.175), and SF catheters were used

more frequently with TRA than transfemoral access (10.2%
versus 9.2%, P < 0001). Access failure rates were 6% in the
radial arm and 1% in the femoral arm. Final “flit/11 flow grade
2 or 3 was achieved in more than 95% with both vascular

access strategies. The study primary endpoint, net adverse
clinical events, a composite of death, myocardial infarction,

stroke, target; lesion revascularization and non—CAEG bleed-
ing, occurred in 13.5% of patients in the radial arm and 21%
in the femoral arm. (P = 0003). Unlike other studies com—

paring radial versus femoral access, where the difference in
composite endpoints is usually driven by the reduction of
access site bleeding afforded by TRA. in the RIFLE STEACS
trial, ischemic and bleeding endpoints were equally reduced.

Major adverse cardiac and cerebrovascular events were 7.2%
and 11.4%, with radial and femoral access, respectively
(P = 0.03). while non—CABG bleeding rates were 7.8% and
12.2% respectively (P = 0.03). Moreover. there was a car

diac mortality difference favoring radial access (5.2% “21"
sus 9.1%, P = 0.02), which was attributed to the significant
reduction in access—related bleeding.m Of note, in this trial.

approximately 50% of bleeding events were not accesa
related, similar to the bleeding patterns described in other

studies including patients with acute coronary syndromes,
who are usually exposed for longer time to potent anti-

thrombotic agentsml
in summary, outcome data suggests that TRA affords

similar. if not better, PCI outcomes as transfemoral access.

The benefit appears to concentrate in sicker patients, such as
those with STEMI, and patient treated by operators at high.-
volume centers. 11 is expected that these results will trans—

late into practice and more patients will be treated for STEMI
using radial artery access. The potential concerns related to
delays in obtaining radial access and cannulating the coro—
nary arteries appear to be offset by the decreased incidence of
major bleeding, vascular complications, and overall adverse
effects. However, it is important to keep in mind that TRA
for primary PCI in unstable patients should be performed by
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operators experienced in this approach. and that the femoral
artery access site should be prepared in case of need for left
ventricular assist devices.

ECONOMIC ASPECTS—SAME—

DAY DISCHARGE PERCUTANEOUS

' CORONARY INTERVENTIONS 
It has been estimated that a severe bleeding eyent has an
incremental cost of$4.000 to $6.000. a unit of blood transfu-

sion an approximate cost of $2.000, and a vascular compli-
Cation a cost of $6.400. adding 3 additional days of hospital
stay.""“’ By decreasing access-related bleeding and vascular
injury. TRA can save costs for the health care system. Dedi—
cated cost analyses comparing vaScular access sites have
consistently shown a significant reduction. in hospital cosm
with TRA. In an early randomized study including diagnostic
catheterization procedures, TRA was associated with a cost

saving of approximately $290 per case. drivan by lower nurs-
ing utilization and decreased pharmacy costs.‘ The savings
observed with diagnostic catheterization are even larger after
PCl due: to the higher risk of bleeding associated with potent

antithrombotic therapies. In a small randomized study of
142. patients undergoing PC] for acute coronary syndromes,

postprocedure length of stay was reduced by approximately
1.5 days and total hospital charges decreased from 523.389

to $20.476 with TEA.“ A recent metaanalysis including 14
studies examined the cost—benefit of TRA from the hospital
standpoint. The main question was whether the savings asso-
ciated with decreased procedural complications and shorter

hemostast's times can offset the potentially higher cost of
longer procedural times and higher access crossover rates
observed with TRA. The overall result demonstrated that

TEA resulted in an estimated enst saving of $275 per patient.
which was mainly driven by a reduction in complication
costs. According to this analysis. the risks of transfemoral

catheterization would have to be reduced by 50%. in order to
be Cost-equivalent to ”IRA,”

In addition to direct cost savings, TRA can result in

Significant downstream savings by optimizing the flow
and reducing the workload and staffing needs of the cath~
eterizatiort laboratory. Staffing requirements following TRA
PI'Ocedures can be reduced due to fewer access—related com-

plications. immediate sheath removal. and faster and more
independent patient mobilization.”

An added value of short patient recovery associated with
TEA is the possibility of safe same-day diSCharge after elec—
ili'c PCI. interventions] procedures have become safer and

l the hazard of complication decreases abruptly within the
first 4i to 6 hours after the procedure.‘M Same—day discharge

l after transfemoral elective PCl has been studied in a Dutch
S‘Udl’ including 800 patients randomized to overnight stay
Wis-us same—day discharge after 4 hours of observation.
Strict criteria established in the protocol to identify patients
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requiring extended observation included angiograpbic com—
plications, clinical instability. and problems with hemostasis.
Of patients randomized to same-day discharge. 18% required

extended observation. More importantly. after hospital dis—
charge no events occurred within 24 hours in the same—day
discharge group. Only one patient had to be readmitted for
a femoral access-related complication [pseudoaneurysml
The same-day discharge strategy resulted in significant cost
savings.” A Canadian study randomized 1.005 patients after
TRA PCI to same-day discharge versus overnight stay. All
patients were randomized after the procedure and rcceivad
abciximab either as bolus alone or as bolus plus infusion.
Same—day discharge patients were observed for 4 to 6 hours
prior to discharge. All major bleeding events were unrelated

to access and occurred in five (40.5%) patients. Of patients
assigned to same—day discharge, 88% were successfully dis—
charged as planned and did not have higher repeat 30-day
hospitalization rates compared to patients who stayed over-
night (5% with same-day discharge versus 3% with over-

night stat/l.“s A very detailed economic analysis of this study
showed that postprocedural hospital care was significantly
less costly for the same-day discharge group ($459) than the
overnight stay group ($1.618). There were no differences
in i'ollowrup costs, physician services. or medicatiOns. The
overall cost difference was $1.141 per patient and driven
by the extra night stay post-PCI. This could result in over

$1 million in savings per 1.000 outpatients." An analysis of
Medicare beneficiaries including more than 100.000 stable
patients demonstrated that across the United States, same—

day discharge occurs very infrequently in only 1.25% of

elective PCI cases, Of note, a higher proportion of patients
discharged on the same day underwent TRA PC] or had vas-
cular closure devices (3.14% versus 1.56%, P sf 0.001).

In summary, implementation of a TRA catheterization

offers significant cost—saving opportunities for individual
institutions and the health care system as a whole.

CONCLUSION

TRA has become the standard approach for cardiac catheter—

ization and PCI in many parts of the world, and is slowly
gaining ground in the United States. TRA implementation
requires a learning curve of approximately 50 to 100 cases

and is associated with slightly increased fluoroscopy time and
access crossover rates. However, once mastered and imple-
mented as an institutional program. IRA is associated with
less access—related bleeding. less vaseular injury. improved
patient comfort. and significant cost savings for the health
care system.

Staff training and development of institutional policies
and best practices are crucial for the implementation of a suc—

cessful TRA program. A guidance document and multiple
training Opportunities are now available for established U.S.

operators through efforts of professional societies.“
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Percutaneous Balloon Angioplasty
and General Coronary Intervention
 

ABHIRAM PRASAD and DAVID Fl. HOLMES

Dotter and Judkins' were the first to propose the concept
of translnminal angioplasty—enlargement of the lumen of
a stenotic Vessel by a catheter—technique in 1964. Their
technique used a spring-coil guidewire over which a series of
progressively larger rigid tlilators were advanced to dilate the

atherosclerotic arterial stenosis, While the Dotter technique
proved effective in peripheral arteries, the need to insert

large—caliber rigid dilator-s through the arterial puncture (and

the high shear forces applied by the dilators as they crossed
the atherosclerotie lesion) ultimately restricted its clinical
application. Gruentzig‘s pioneering work in 1974‘2 replaced
the rigid dilators with an inflatable nonelastomeric balloon
mounted on a comparatively smaller catheter shaft which
could be introduced percutaneously, advanced across a vascup
lat“ stenosis in its smaller (collapsed) state, and then inflated
With sufficient force to enlarge the stenotie lumen. Although
others had speculated about the possibility, Gruentzig was the
first to refine balloon angioplasty into a usable clinical tool,
through a series of experiments in animals, cadavers. periph-
eral arteries, and the corortary arteries of patients undergo-
ing bypass surgery. This culminated in the first percutaneous

627

transluminal coronary angioplasty (PTCA) of a steno tic coro—
nary artery in a conscious human (September 16, 19W).3

Balloon angioplasty remained the only catheter-based
revaseularization technique in widespread use until the [Hide

19905, when other modalities including athereetomy and
steers (see Chapters 29 and 31) were introduced. Accord—

ingly, the technique is now more commonly referred to as
percutaneous coronary intervention (PCl). This chapter will
review the basic equipment, techniques, and results of coro-

nary angioplasty as a historical and conceptual foundation for
the entire field of catheter-based PCI.

' Hisroar 
Gruentzig’s new technique of balloon angioplasty was initially
met with a great deal of skepticism by many cardiologists, huL
a small group around the world recognized its great poten—
tial.4 In 1979} these early adopters met to form a registry of all
coronary angioPlasty cases worldwide under the sponsorship
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of the National Heart, Lung, and Blood Institute (NHLBI)
which had enrolled 3.000 cases by 1981. Over time. progres-
sive improvements in equipment and technique have pro‘
duccd dramatic growth in PTCA and transformed it into the
dominant form of coronary revascularization (Figure 28.1).

in 2009, approximately 596,000 PCl (in—patient) procedures
were performed in the United Statess; also it is one of the

most common procedures used worldwide.
Over the past 15 years or so, the role ofballoon dilation

has become much less prominent as a standalone treatment.

In current practice. it serves predominantly as an ndiunctive
therapy for preparing (i.e.. predilating) or optimizing (i_e.1

postdilating) stent placement. Despite the fact that PO is
being performed in increasingly more complex lesions and
patients. the advent of the stems and other new interven~

tional devices, as well as adjunctive antithromboiic pharma-
cology (see Chapter 5), has improved the procedural success

rate of PCI to approximately 95%, the procedural mortality to
approximately 1%, and the emergency bypass rate to €0.5%
among an unselected cohmt.‘5

EQUIPMENT

A coronary angioplasty system consists of three basic com—
ponents (Figure 28.2): (a) a guiding catheter, which provides
stable access to the coronary ostiurn, a route for contrast
administration, and a conduit for the advancement of the

equipment; (b) a guidewire that can be passed through the
guiding catheter. across the target lesion into the distal coro-
nary vasculature to provide a rail over which therapeutic
devices can be advanced; and (C) a balloon dilatation catheter
filled with contrast medium.

Guiding Catheters
The original guiding catheters were thicltawallecl lOF— or
llF—outer diameter tubular structures that had small lumens,

minimal torque control. and traumatic edges. In Contrast.
current guiding catheter designs more closely emulate the

performance of diagnostic coronary angiograpbic catheters.
To allow passage of therapeutic instruments, however, guid—
ing catheters must have a lumen diameter at least twice that

of a typical diagnostic catheter (cg, 0.076 inch [2 mm] ver—
sus 0.033 inch [1 mm]). To achieve this lumen in a catheter

of outer diameter as small as 6]", the catheter walls must be

very thin ((0.12 mm, or 0.005 inch}. Yet the catheter must

still incorporate a Teflon liner to reduce friction, metal or
plastic braid to transmit torque and provide sufficient stiff—
ness to offer backup support during device advancement. and

a smooth outer coating to resist thrombus formation. The
complexity of this design goal requires use of special mate-

rials the properties of which are typically varied along the
length of the catheter to optimize the balance between sup_
port and flexibility at each point. Most guiding catheters now

also include a very soft material in the most distal 2 mm of the

catheter to reduce the chance of vessel trauma during Engage.
merit of the nontapered tip.

Guiding catheters are available in virtually all of the Com

ventional Judltins and Am‘platz curves, as well as in a Wide
ran e of custom sha es (extra backu (XE), hocke 5

muiipurpose, Vodafinc.) designed trig ease engageriieritlcilfi
provide better support during balloon advancement. As Litin-
wall technology has improved and balloon Shaft diameters
have decreased, the size of the guiding catheters needed to

perform PCI has fallen progressively. In the 19805 and 19905.
9F and 8F/7F guiding catheters predominated, respectively
Although larger guiding catheters are sometimes still needed
for rotational atherectomy, or treatment of bifurcation lesions
UP for kissing balloons and. BF for two stents) or chronic
total occlusions, most procedures in current practice can be
completed through 6F guiding catheters. Also available are

5F guiding catheters, but they offer no major advantage and
are not routinely used.

To function adequately, the guiding catheter must be able
to selectively engage the ostium. This requires the selection

of an appropriate catheter shape and the ability to manipulate
the catheter under fluoroscopic guidance (see Chapter 15).
Engagement of the desired vessel, however, should not inter.

(etc with arterial inflow. This is routinely possible in the left
coronary artery, but damping of the guiding catheter pregsure

when the right coronary artery ostiurn is engaged was once a
common and vexing problem. This has been overcomc by the
smaller—diameter (e.g., 6F) guiding catheters and by the intro—
duction of guiding catheters equipped with side holes that
allow ongoing perfusion despite wedged engagement. Since
the guiding catheter is also used to deliver small boluses of

contrast medium into the target vessel (as needed to visualize
vascular side branches and the target lesion for angioplasty),
contrast flow out of such side holes may increase the total
contrast volume used during a procedure. Also, use of cath—
eters with side holes may provide a false sense of security
by showing a normal pressure tracing in the face of reduced
coronary perfusion. For these reasons, their use should be
minimized.

A second important function of the guiding catheter is to
provide adequate support for advancement of interventiotifil
devices across the target stenosis. This support is derived
from the intrinsic stiffness of the guiding catheter, the shape
that allows it to buttress against the opposite aortic wall, and
deep engagement of the guiding catheter into the coronary
ostium (Figure 28.3). While deep engagement of the guiding

catheter is sometimes required in challenging cases, it is also
well—recognized as a potential cause of complications (ca.
ostial or proximal coronary dissection). This complication has
become far lees frequent with incorporation of an atraumEliiC
tip on most guiding catheters and the performance of deep
engagement only by relying on coaxial advancement over
the balloon catheter. After a deeply engaged guiding catheter
has been used to position a dilatation balloon or other device
across the lesion, it is important to then withdraw the guiding

 
Page 33

Teleflex Ex. 2167

Medtronic v. Teleflex



 
Page 34

Teleflex Ex. 2167 
Medtronic v. Teleflex 

 

  

Page 34

14°“

1200

touu '

sou -_-

600 --ProceduresinThousands
400 v

200 -

1979 1955

+Calhetorizalions +Bypass

WI—-—l—-—a——-—-—i—-—+—‘-l-—-—l
1990

Ari-POI +Cerolid Endarterectomy

_ "6219‘

Trends in cardiovascular procedures, United States: 1979-2009.

1995 2000 2005 2009
Years

hill-Pacemakers

Writing Group Members at al. Clrculatlon 2012;125:e2-a220
 

 " Trends in cardiovascular procedures, United States: 1979—2009. PCI indicates percutaneous coronary
‘ intervention. Note: Inpatient procedures only. Source: National Hospital Discharge Survey, National

Center for Health Statistics, and National Heart, Lung, and Blood Institute. (Roger et al. Heart dis-
ease and stroke statistics—2012 update: a report from the American Heart Association. Circulation
2012;’l25:e12—e230.l

catheter back to avoid its migration into an even deeper posi—
tion as the device is withdrawn. In this sense, the ability to

actively use the guiding catheter constitutes one of the impor—
tant skills required for effective management of the overall
angioplasty equipment system.

Guidewires

The original dilatation balloon designed by Gruentzig had a
short fixed segment of guidewire (spring Coil) attached to its
tip to lead the balloon in the vessel lumen and help avoid

subintimal passage as the catheter was advanced across the
stenosis (see Figure 28.2). These devices provided the opera-
tor no control over whether the catheter followed the desired

path or was diverted into one or more side branches proximal
to the lesion. because neither the shape nor the orientation

of the leading wire could be modified. in the early 19805,

Simpson designed a movable guidewire system in which a
0.018 inch Teflondcoated wire extended and moved freely

through a central lumen within a coaxial dilatation catheter.’

II" this guidewire selected the desired vessel‘ it was advanced
until it crossed the target lesion. if the guidewire instead
selected a more proximal side branch, the balloon catheter
was advanced to a point just before the side branch and the
wire was withdrawn and reshaped in an effort to choose the

desired path beyond. By a series of such iterative advance-
ments of wire and dilatation catheter, many lesions could he

crossed by the guidewire and then by the dilatation catheter.
in 1983, this concept was advanced further with the introduc-
tion of the first steerable guidewires. the rotational orientation
of which could be controlled precisely using a ”torquer" (pin
vise) attached to the proximal end of the wire.

in contrast to crude early guidewircs, modern guidewires

are designed to combine tip softness, trackability around
curves. radiographic visibility1 and precise torque control,
which together allow the guidewirc to be steered past vasCu-
lar side branches and through tortuous or stenotic segments.
With these refinements. crossing a subtotal lesion with the

guidewire has become a task that takes seconds rather than
minutes to hours, opening up all portions of the epicardial
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Components of the coronary angioplasty systemThe original Gruentzig fixed guidewire balloon
(A) is compared with the steerable guide wire system (Bl. Although both are advanced through a
guiding catheter positioned in the coronary ostium, neither the wire shape nor its orientation could
be changed once the original Gruentzig catheter was introduced, whereas the steerable design allows
the guidewire to be advancad. withdrawn, and reshaped. and steered independently of the balloon
catheter to select the desired vessel. Once in place in the distal vessel beyond the target lesion, the
guidewire serves as a rail over which the angioplasty balloon or other device can be advanced.

 

coronary circulation to a variety of interventional devices the wire is steered around the series of bends located in the l

The basic guidewire consists of a solid cote (stainless steel or guiding catheter and proximal coronary anatomy and allows
supet‘elastic nitinoi) that is ground to a progressive taper in the stiffer proximal portions of the wire to follow the soft tip
its distal portion This taper helps retain torque centroi when into side branches. This core is generally covered. by a spring ‘
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Use ofdeep guiding catheter engagement to facilitate Coronary intervention. Left. Complex lesion

' in the right coronary artery including aneurysm (dark arrow) and diffuse distal disease (open curved
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arrow). Center. Left Ampletz guiding catheter (AL—1) is deeply engaged to provide optimal support
for stent placement. Right. After stent placement, the vessel is widely patent, but replacement of the
Ampiatz catheter with a conventional right Judkins catheter iJFid) shows how effective the Amplatz
has been in straightening out a severe upward bend (shepherd's hook) in the proximal right coronary
artery. Although progressive impmvement in device profile and trackability has made such deep
engagement less necessary, the technique is still of great value in selected cases. Deep seating of the
guiding catheter needs to be done with great care and by coaxial advancement of the guiding cath-
eter over a balloon catheterto avoid injuring the proximal coronary artery.

coil, and a coating (cg, Teflon, Silicone) is generally applied
to the body of the wire. Radiopaque platinum is often applied
to the distal. 3 to 25 cm. A family of hydrophilic polymer cov-
ered tip guidcwires are also available to aid in crossing vessels

with extreme tortuosity, calcification, side branches through
stcnt struts, and total occlusion. It must be remembered that

hydrophilic wires allow rcduccd tactile feel and are more
likely to cause dissections or perforations.

There is substantial choice of tip stiffness, driven by the
way the tapered core wire is attached to the outer coil at the
wire tip. In soft wires, the tapered core is generally welded
to the coil via a flattened intermediary shaping ribbon that
allows the operator to kink or bend the tip of the wire into
a shape that is appropriate for navigating the vessel features
it must pass while maintaining the required level of atrau-
matic softness. Even with soft "work horse" wires, it is still

important to heed the advice ofDotter andjudkins' that "the

guidewire is pesstd across the athcromatous block more by the
application cfjttcigment than efforts." Wires with preshapcd
tips are generally used for the majority of cases in contempo-
rary practice, but the tips may be manually shaped, particu—

larly to meet the challenges of anatomic navigation. Longer
primary tips or a secondary bend are used for large—diameter
arteries and for entering tortuous segments. Short and less-

angulated tips are best suited for entering diffusely diseased
and chronically occluded arteries.

When larger probing force is required (cg, for crossing
a chronic total occlusion), stiffer tip designs are available.
These “core—toptip" guidewires are often graded by the force

that the Straight guiclewire tip can apply to a strain gauge front
a distance of 1 cm. Wires are available with force increments

of 3, 4.5. 6, 9, and 12 g in the United States, though wires
with even higher tip stiffness are available in other countries.
The core—to—tip design also provides better torque control.
Use of these. stiff—tip guidcwircs requires a high degree of skill
and feel to avoid unintentional vessel injury (dissection or
perforation), and in general, less experienced operators are
well advised to start with softer guidewires and work up to
the stiffer wires progressively.

Independent of the tip stiffness, advancing certain
devices around hands may take more shaft support from the
guidewire. This is provided by extra—support wires, which

have a thickcr‘and firmer inner cere. Alternatively, some
operators prefer to place a second guidewirc across the lesion
in parallel (a “buddy” wire) to straighten vessel bends and

facilitate device passage. With the wide variety of choices in
0.014 inch guidcwires, it is currently rare to use larger-diame-
ter guidcwires in coronary worlc, although wires of 0.016 and

0.018 inch were previously used for this purpose (requiring,
of course, the use of matching devices with larger internal
lumen diameters). Guidewires with a diameter of <0.0l‘i

inch offer little advantage except with certain devicas such

as the 0.009 inch Rotablator wire (see Chapter 29), but some
specialty chronic total occlusion guidcwircs have a tapered

tip (0.014 inch to 0009—0012 inch) to help penetrate the
plaque and find niicrocliannels.

Standard coronary guidewircs are approximately 190 cm
long, that is, some 50 cm longer than the average balloon
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catheter shaft. This allows the wire to be advanced across
the lesion while the balloon catheter remains in the guid-

ing catheter, but does not generally offer sufficient length for
exchange of one “over—the—wire" (OTW) device for another.
Most guidcwires are therefore also available in a 300 cm
exchange length, or are extendable to that length by attach-
ment of an extension, Such wires can be passed through the

guiding catheter and across the target lesion and remain in
place as a series of OTW devices (balloons, rotational ather-
ectomy burrs, stents) are delivered or removed without the
need for recrossing the lesiona OTW devices have largely
been replaced by rapid—exchange (Rx) or monorail balloon
catheters and stent delivery systems compatible with shorter
guidewires.

Dilatation Catheters

The dilatation catheters for coronary angioplasty have under—

gone radical evolution since 1977. As described above, the
original Gruentzig catheters were designed with a short seg-
ment of guidcwire permanently affixed to the catheter tip to
decrease the risk of subinu‘mal passage during advancement

down the coronary tree. The shaft of these catheters had two
lumens—one for inflation and deflation of the balloon and

one for distal pressure measurement andlor contrast injection.
This reflected the initial reliance on monitoring trans-stenotic

(Le... aortic root to distal coronary) pressure gradient as a way

of assessing lesion severity, since it was very difficult to per—

form adequate contrast injections through small—lumen guid-
ing catheters around the large (4-35 1.3 mm) shafts of early
balloon catheters. In contrast, contemporary catheters are

delivered over independently movable andfor steerable guide—

wires (see Figure 28.2). The central lumen of such dilatation
catheters must have a sufficient caliber to allow free movement

of the guidewirc, but are no longer used [or either pressure
measurement or contrast injection Howeveri it is of interest
that the measurement of trans-stenotic pressure gradients to

evaluate the significance and completeness of correction of
coronary stenoses has evolved into pressure measurement

guidewires (see "Fractional Flow Reserve.“ Chapter 24).
An important characteristic of the dilatation catheter

is the diameter of the smallest opening through which the
deflated balloon can be passed (its profile). The original Gru-
entzig catheters had a 0.000 inch (1.5 mm) profile. but cur—
rent dilatation catheters have profiles as small as 0.020 inch

(0.5 mm). To preserve the best balloon profile. a “negative"

or “aspiration“ preparation should be performed in which a
contrast—filled 20 mL syringe is attached to the balloon infla-

tion hub, the plunger is pulled back to apply a vacuum, and
gently released to allow the balloon to draw in a small volume
of dilute (1:2 dilution with saline} contrast. The crossing pro-

file increases significantly after a balloon is used, and this may
be relevant when one attempts to reuse a previously inflated
balloon to cross a second lesion and finds that the secondary

(or rewrap) profile is far less satisfactory than the primary
(prior to inflation) profile.

Balloon angioplasty catheters are available either as
OTW catheters in which the guidcwire runs through a cen-

tral lumen in the shaft throughout its entire length or as
monorail Rx catheters in which the wire is contained within

the balloon shaft onlyr over its distal 25 cm and then runs
outside the balloon shaft more proximally. The latter type
of catheters can be exchanged quickly by a single operator

over a standard-length (190 cm) guidewire and generally
have smaller shaft profiles to allow better contrast injection
or simultaneous placement of two balloons for the treatment
of bifurcation lesions. Fixed—wire devices, which consisted of

a balloon mounted directly on a steerable wire core (deflated

profile of 0.020 inch or 0.5 mm). were widely used in the late
19805‘ but are no longer in use today.

Although profile is important, the ability of the balloon
to bend so as to advance easily through tortuous vascular

segments (trachttbility) and the presence of sufficient shaft
stiffness (pushrtbillty) to force it through the. stenosis are also
important. Delivery of the balloon is also aided by the incor—
poration of a friction—resistant coating to improve surface
lubricity. Specialized balloon catheters include perfusion bal-
loon catheters. which have a series of side holes in the shaft

proximal and distal to the balloon segment or a spiral chan—
nel within the balloon to allow ongoing antcgrade blood flow

and thereby mitigate myocardial ischemia during prolonged
balloon inflations. in an era when stean provide definitive
control of elastic recoil and dissection. however. the use of

perfusion balloons has become rare except for controlling
hemorrhage from a coronary perforation without producing
severe distal myocardial ischemia (see Chapter 4). Some spe—
cial balloons exploit the concept offocused force angioplasty
in which a wire (Angiosculpt balloon, AngioScore, Fremont,
CA) or microblades on the balloon surface (cutting balloon,
Boston Scientific, Naticlt, MA) concentrate the delivery of

dilating force from the balloon to the lesion to lower stenosis
resolution pressure and reduce balloon slippage forward or
backward during inflation (the so-called watermelon seeding
effect). These technologies have not. howeverI improved the

long—term patency as compared with conventional PTCA,“-‘°
and the cutting balloon carries a small but real risk ofpcrfora-
Lion when oversized. These devices have been promoted for

use in ostial lesions or in—stent restenosis owing to neointi—

trial proliferation. but there is no definitive evidence that they
improve procedural outcomes.

Other than these factors, the most important characteris-
tic of the dilatation catheter is its ability to inflate to a precisely
defined diameter despite application of pressures that over-

age 10 to 16 atm. This was not possible with early balloons
manufactured from polyvinyl chloride (PVC): their compll‘
ance led to balloon. oversizing and rupture at pressures as low

as t3 atm. More suitable performance can be readily achieved

today using balloons manufactured front high—density poly-
ethylene. polyethylene terephthalatc (PET). or nylon, despite
balloon wall thicknesses as low as 00003 to 0.0005 inch

(7.62 to 12.? um). Based on material and wall thickness, each
balloon has an individual compliance characteristic reflecting
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the pressure at which the balloon reaches its specified (nomi-
nal) diameter and how much that diameter increases as the
balloon is inflated to even higher pressures. More compliant
balloon materials tend to reach their nominal diameter at

6 atm and then grow by 520% above their nominal size (i,e..
a 3.0 mm balloon growing to 3.5 mm) at 10 atm. Semicom-

pliant. balloon materials such as high—density polyethylene or
nylon grow by <10% over this pressure range. whereas truly
noncompliant balloon materials such as PET can retain their
defined diameter up to 20 aim to allow dilatation of calcific
stenoscs or full expansion of coronary stents (Figure 28.4).

Balloon compliance characteristics must be kept in mind
especially when inflating a compliant or semicotnpliant bal—
loon to pressures above nominal (usually roughly 6 to 10 atm)
to avoid overdistending the adjacent normal vessel. Noncom—

pliant balloons are desirable when high pressure inflation is
needed (resistant lesions and postdilation of stents) so that

the dilating force is applied to treat the stenosis rather than in
enlarging the balloon.

Regardless of which balloon type is used. it is important
to stay within the stated range of inflation pressures in order
to avoid balloon rupture. This pressure range is specified in
terms of the rated burst pressure (i.e., an inflation pressure

at which the probability of balloon rupture is <O.l%). Tak—
ing any balloon catheter above its rated burst pressure (usu—
ally 16 to 20 atm) increases the risk of balloon rupture. with
the potential for air embolization (if the balloon was incom—
pletely purged). vessel rupture. local dissection. or difficulty
in removing the balloon from an incompletely dilated lesion. ”
This risk grows further with pressures above the rated burst
pressure to which the balloon is inflated. until it reaches 50%
risk of rupture when the maximum burst pressure is reached.
Instead of relying solely on high balloon inflation pressures.
we recommend the use of rotational atherectomy for treating
resistant lesions which are invariably associated with severe
calcification. An uncommon exception to this rule is stent

postdilatation in a calcified or fibrotic lesion that has not been
adequately predilatcd or pretreated with rotational atherec-
tomy before stent placement. and where there is no alterna-
tive for achieving full stent expansion.

Various manufacturers currently provide dilatation. cath—
eters that meet these design specifications with inflated diam-
eters of 1.25. 1.5. 2.0. 2.5. 3.0. 3.5. and 4.0 mm to match the

size of the coronary artery in which the stenosis is located.
Larger balloons fie. 4.5. 5.0. and 6.0 min) are occasionally
needed for treatment of large right coronary arteries or saphe-
nous vein grafts. Quarter—sized balloons (cg. 2.25. 2.75, and
3.25 mm) are also available. but that degree of precision prob-

ably exceeds the operator’s ability to gauge vessel size, and
stocking quarter-sizes tends to unfavorably increase the size
ofa laboratory‘s balloon inventory. The typical lesion requires
a predilation balloon that is 12 to 15 mm long. but balloons
are also available for shorter (8 mm for dilating or postdilao

ing focal lesions) or longer (20 or 30 mm for dilation of a
diffusely diseased segment) diffuse lesions.u Although most
lesions can be dilated effectively with balloon catheters from

 

 
Successful dilatation of a rigid calcifio
lesion larrows).This rigid lesion (top)
in the midlei‘t antIrior descending
coronary artery of a postbypass patient
(note surgical clips) resisted dilatation
at 300 Iblina (20 atm), but yielded to an
inflation pressure of 330 lbfin? (22 atm;
middle two views) with reduction in
the stonosis (bottom). Such pressures
are obtainable only with high-pressure
noncompliant balloons. in current prac-
tice, such "nondilatable" lesions would
most appropriately be treated by rota—
tional atherectomy (see Chapter 29).

any of the several manufacturers, subtle differences in perfor—
mance characteristics can make the difference between suc—

cess and failure; therefore. each interventional laboratory still
needs to stock a variety of balloon types. Although balloon

prices were once nearly $700. competition and widespread
use have brought current prices down to approximately $150.
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giving little incentive for resterillzation and reuse, with the
risk of infection, prolonged procedure time, and device failr
tires with restcrilized products.”M

PROCEDURE

A coronary angioplasty procedure beats a soperficial resent:
blance to diagnostic cardiac catheterization in that cath-
eters are introduced percutaneously under local anesthesia,

However, since angioplasty involves selective cannulation of
coronary arteries with guidewires and balloon catheters, tem—

porary occlusion of antegrade coronary artenal flow, as well
as manipulation of the culprit lesion by balloon inflation and}

or stem deployment, the procedure is significantly more com—
plicated and entails approximately 10—fold higher risk (Le,
l% versus 0.1%) as compared with a diagnostic catheterlza—
lion. ‘5 However. the risks of coronary angioplasty vary widely
with the baseline clinical condition of the patient, the char—
acteristics of the lesion to be treated, and the techniques used

(see “Complications" below and Chapter 4).
When obtaining informed consent, the intimated indi—

vidual risks together with the potential benefits, alternatives,
and goals should be discussed in detail with the patient and
family prior to the procedure. To mitigate the very real risks
of major complications, angioplasty should be attempted
only by experienced personnel and generally only in a set-
ting where full cardiac surgical and anesthesia support is
available.” One exception is the performance of primary PCI
for the treatment of acute ST—elevation myocardial infarc-
tion (STEMI), where the need for rapid revascularizauon has
led to the allowance of such procedures in approved cath—
eterization laboratories staffed by experienced interventional

operators, even when onsite cardiac surgery is not available.
An expert consensus document from the Society for Cardio-
vascular Angiography and Interventions details the require-
ments for establishing a PCI program without onsite surgical

backup.” The practice of elective angioplasty without onsite
surgery, however, remains outside the recommendations of

PCI guidelines at this time, though it is performed in some
hospitals in the United States and Europe that have appro—

priate program development using clinical and angiographic
criteria for patient selectionm'”

Historically patients were admitted the night before elem
tive angioplasty, but currently elective patients are admitted
on the morning of the procedure. Details of patient evalu—
ation, informed consent, and preprocedure laboratory work
will thus generally have been completed in a separate out;

patient vlsit or be compressed into a very brief encounter
immediately prior to the procedure. This is particularly true
for patients who come to catheter-based intervention at the
conclusion of what began as a diagnostic catheterization that

progressed to coronary intervention (the so—called ad hoc
PCB.” Although a major proportion of PCI is now performed
in the ad hoc fashion, consideration of staging is important in

case of the following situations: (a) high anticipated proce-
dural risk or technical complexity (cg, chronic total occlu—
sion) making surgical consultation or additional discussions
with the patient and family desirable before proceeding with

a nonemergency intervention; (b) Nonavailability of PCI at
the diagnostic catheterization facility; and (c) the likelihood
of the combined procedure leading to a large volume of con—

trast being used. Similar considerations apply to the decision
to stage a complex multivessel procedure into two or more
sessions leg, patient tolerance, clinical stability, total con—
trast load, stability of the initial treatment results), but cur-
rent techniques generally make staging (between diagnostic
and interventional procedures, or between treatment oisome
lesions and others) an uncommon clinical necessity. Finally,

patients should he counseled on the need for and risks of
dual nntiplatelet therapy before placement of intracoronary
stems, especially drug eluting stents, and alternative thera-
pies should be pursued if patients are unwilling or unable to
comply with the recommended duration of dual antiplatelet
therapy.

Oral intake should be restricted after midnight on

the evening prior to the procedure, and the patient Should
be pretreated with aspirin 325 mgfday to diminish platelet
deposition on the disrupted endothelium?“ Patients not on
aspirin therapy should be given nonenteric aspirin 325 mg,
while those already taking daily aspirin therapy should
receive 81 to 325 mg before PCI. In the aspirin-allergic patient

requiring an elective PCI, a gded aSpitln desensitization
protocol21 may be considered prior to the procedure. An oral
platelet ADP-receptor antagonist (such as clopidogrel, prasug~
rel, ticagrelor) should generally be administered prior to the

procedure,12 supplemented by intravenous platelet glycopro-
tein [lb/111a receptor antagonists in patients with acute corn-
nary syndromes,” to reduce the incidence of periprocedural

myocardial infarction or repeat emergency tcvasculariztttion
for vessel closure or stent thrombosis. Since aspirin reduces
late Cardiac mortality in patients with coronary disease, it is

generally continued indefinitely after the procedure. Similar
data now exist [or longer—term clopidogrel treatment, and
hence ADP—receptor antagonists may be used as an alternative
to aspirin in patients with aspirin allergy.“ Statins appear to
have some benefits when pretreatment is initiated from 7' days
to just prior to PCI, especially in statin naive patients. Hence.
it is reasonable to administer a high dose of statin before FCl
to reduce the risk of periprocedural M1.“ Patients with a

past history of an hypersensitivity reaction to contrast media
should receive steroid and antihistamine prophylaxis; this
prophylaxis is not beneficial in patients with a prior history
of allergic reactions to shellfish or seafood.m Finally, patients
should be assessed for risk of contrast-induced acute kidney

injury (nephropathy). Important risk factors for contrast—
induced acute kidney injury include advanced age, chronic
kidney injury, diabetes mellitus, congestiVe heart failure, and
the volume of contrast used during the procedure. The risk

may be estimated using a scoring system.” Adequate hydra—
tion and. minimizing the volume of contrast administered are
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the only interventions demonstrated to reduce the rislt of

contrastninduccd acute kidney injury (see Chapter 4). It is
most important to do so in. patients with creatinine clearance
of <60 nit/minute. There is now good evidence demonstrat—

int!I that administration of N-acetylcysteine is not beneficial.
The 201] PCI guidelines advocate that a “time-out“ is

performed before all PCI to verify that the correct patient
is having the intended procedure.“5 The aim of this process
is to improve patient care by collective discussion of the ease

immediately prior to the procedure. The timeout may be
checklist driven or conversational, depending on each labo-
ratory’s established practice.2R

PCI is performed either via the femoral or via the radial

approach, based on considerations about potential compli—
cations related to vascular access. as well as operator and
patient preference. The 2011 FCI guidelines state that it is
reasanable to use radial artery access to decrease access site
complications. However, femoral access remains the most

commonly used approach in the United States. Vascular com-
plications via the femoral approach may be minimized by the
use of fluoroscopic landmarks or ultrasound guidance. Low
punctures are associated with hematomas and other vascu—

lar complications while high punctures increase the risk of
retroperitoneal hemorrhage. Most catheter-based interven~

tions are performed safely without right heart catheteriza-
tion. but occasionally venous access is also required for the
initiation of ventricular pacing. although placement of a pro-
phylactic pacemaker is seldom needed except in cases of rota«
iional atherectomy of the right coronary artery or rheolytlc
thrombectonty (see Chapter 29). in addition, there are some
high-risk procedures in which measurement of right heart
pressures may aid in fluid management.

After placement of the arterial sheath, intravenous auti-

thrombin therapy is initiated (see Chapter 5). The most com-
mon agent is still unfinctionated heparin (7O Ufkg), which
may he reduced to SD U/ltg' when there is concomitant admin—

istration of a platelet glycoprotein llb/lila receptor antago—

nist. Alternatives include low—molecular weight heparin ie.g..
cnoxaparin) in patients who have been on such agents pre—
pl'ocedure” or a direct tltroinbin antagonist (cg, bivalirudirt

[Angiomax. the Medicines Company, Parsippany. N_]l).’°i“ if
unfractionated heparin is used, it should be noted that there
is wide patient-to-pauent variability in heparin binding and

activity So. ACT (activated clotting time) should be measured
and additional heparin administered as needed to prolong
the ACT to 275 to 300 seconds (reduced to 2'50 seconds if a

platelet glycoprolein lib/Illa receptor blocker is to be given)
lchore any angioplasty devices are introduced. Additional doses
or an infusion of the antithrombotic agent may he required
to maintain the ACT at this level throughout the case—ACTS
{250 seconds are associated with a marked increase in the

incidence of occlusive complications unless an adjunctive
llbfllla receptor blocker is used. whereas ACTS 33-300 to
350 seconds tend to increase the risk ofbleeding.” ACTS may
also be used to monitor the effect of direct thrombin inhibi—

tors such as bivalirudin, which have found increasing use

during PC] based on more predictable dose—response char-
acteristics than that of heparin, greater efficacy against clot—

bound thrombinI reduced platelet activation, less bleedingI
and lack of cross-reactivity in patients with heparin-induced
thrombocytopenia (HIT, Chapter 5). Since low-molecular

weight heparin has relatively more activity against Factor Xa
than against tht‘ornbin. it causes less prolongation of the ACT
so that specialized antiPXa assays are required to monitor low-

inolecular weight. heparin effects.
Baseline angiograms are then obtained of one or both

coronary arteries using either a standard diagnostic catheter
or the angioplasty guiding catheter. Baseline angiography

serves to (a) evaluate any potential changes in angiographic
appearance (interval development of total occlusion, throm—
bus formation) since the previous diagnostic cathetcrization,
Cb) permit the selection of the angiographic views that allow
optimal visualization of the stenoses, and (c) aid in planning
of the detailed interventional strategy. Coronary injections
should be repeated after the administration of sublingual or
intracoronary nitroglycerin to demonstrate that spasm is not
a significant component of the target stenosis and to mini—

mizc the occurrence of coronary spasm during the subse-
quent angioplasty. Occasionally, unnecessary intervention is
avoided when the intended target of a catheter-based inter—
vetttion resolves with nitroglycerin (coronary spasmll This
is more frequent with lesions of the ostiurn of the RCA. In

this setting, at the time of diagnostic angiography catheter-
inrluced spasm may occur. If the patient returns at a later time

for intervention. this ostial “stenosis” may prove to have been
unrecognized catheter spasm.

The best working views that show the target lesions and
the adjacent side branches most clearly and with the least

foreshorteuing are recorded and transferred to the roadmap
monitor for reference during the procedure. The approxi—
mate reference diameter and length of each target lesion is

estimated by comparing it to the diagnostic catheter (gen—
erally 5F or 1.65 mm) or selected guiding catheter. Deci-
sions are then made regarding the sequence of lesions to be
approached (integrating lesion severity, myocardial territory
involved, and noninvasive test data) and the specific inter-
ventional approach that will be used. For example, a bifurca—
tion lesion that may require kissing balloon inflations and/or
a two—stem approach (see Chapter 31) may warrant use. of a
guiding catheter that is larger than SF.

The appropriate guiding catheter is connected to the
pressure manifold (see Chapter 15) by way of an exten—
sion tithe and a rotating hemostatic valve. (e.g.. Tuohy—Borst
valve). and positioned in the appropriate coronary ostium.

The hemostatic valve contains an adjustable O—ring that
allows introduction and free movement of the PCI devices

while maintaining a sufficient seal around the shaft to pertnit
pressure measurement and contrast injection while minimiz-
ing blood loss. The angioplasty guidewirc is first introduced

into the guiding catheter, either through a needieiike guide—
wire inlroclucer (lame-wire technique for Rx systems) or, less
frequently; loaded into an OTW balloon or support catheter,
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and then steered across the target lesion. The guidewire is
advanced across the lesion with the aid of puffs of contrast

material through the guiding catheter as the vessel is imaged
fluoroscopically in a projection that shows the desired path
free of foreshortening or overlapping side branches. Once the

position of the wire tip in the distal vasculature has been con-
firmed by contrast angiography, the desired angioplasty bal-
loon or other device is selected.

Optimal stand-alone angioplasty results are obtained
using a balloon with a diameter that closely approximates
the diameter of a presumably nondiseased reference seg—

ment adjacent to the site being treated (balloon/artery ratio
0.91.1)?” Slightly larger balloons (approximately 1.1 to
1.2 times the size ofthe rcferenc: lu men) may be used ifi‘t'ttt'a—

vascular ultrasound (see Chapter 25) is used and shows that
the outer vessel (external elastic membrane [EEMD diameter

in the reference segment is significantly larger than the refer-
ence lumen (diffuse disease without a true normal reference

segment). On the other hand. slightly smaller initial balloons
are used when it is difficult to estimate the correct reference

size of a diffusely diseased or rapidly tapering vessel. when
difficulty is anticipated in crossing the lesion. or if the risk
of complications must be minimized in a patient Who cannot
receive a stent. in the era when stunting (especially drug-elut-

log stenting) has beCome the definitive treatment. however, it
is routine to predilate the target lesion with a balloon that is

slightly undersized relative to the reference vessel and roughly
the same length as the target lesion (see Chapter 31). Modern

low-profile stents can often be delivered Without predilation
of the target lesion (the so-called direct stenting). but predi~
lation makes delivery and accurate placement of the stent
within the lesion easier. facilitates the selection of the correct

stent diameter and length (by comparison with the diameter

and length of the inflated predilating balloon). and ensures
that lesion compliance is sufficient to allow full expansion of
the stent without pretreatment by rotational atherectoiny (see

Chapter 29). Predilation is particularly important if a short
stent is used, to avoid “missing" the lesion during stenting if
“watermelon seeding" is felt likely.

Once the dilatation. catheter has been positioned within

the target stenosis. the balloon is inflated progressively using
a screwrpowered hand-held inflation device equipped with a

pressure that. At low pressures (i.e.. 2 to *i aim). the balloon
typically exhibits an hourglass appearance owing to central
constriction by the coronary stenosis being treated. in soft
lesions, this constriction (or "waist") may expand gradually

as the inflation pressure is increased, allowing the balloon to
assume its full cylindrical shape. In more rigid lesions. the
constriction may remain prominent until the balloon expands
abruptly at a stenosis resolution pressure that may be as high
as 20 atm.” Some operators prefer to increase pressure rap-

idly until all ballan deformities resolve, but this increases
the risk of dissection when a fibrotic or calcified plaque yields

suddenly or when the ends ofa somewhat compliant balloon
grow to excessive diameter on either side of the resistant
lesion. [fa calcified plaque resists balloon expansion at 10 to

14 atm, one may thus prefer to consider use of a Rotablator

(see Chapter 29) rather than inflating the balloon to the very
high pressures (220 atm, Figure 28.4) that may be required
for full dilation.

At the other extreme. elastic (usually eccentric) stenoses

may allow full balloon expansion at low pressures but then
tend to recoil promptly once the balloon is deflated. This type
of lesion was once treated by repeated inflations. cautious use
of oversized balloons, or directional atherectomy, but stent

implantation is now the routine treatment. Focused force
dilation (with a cutting balloon or the Angiosculpt balloon)

may also be helpful in dilating the fibrotit: 01' elastic lesion
effectively (see below). There is little objective evidence that

slower speed of inflation or prolonged (1 minute or more)
inflations offer more benefit than offered by the 30—second
inilations.‘a

Whatever inflation strategy is adopted. the response of
each lesion to balloon dilation must then be assessed individu-

ally so that the dilation protocol can be tailored to achieve the
best possible result. The most common way to assess lesion
response to balloon dilation is repeat angiography. Complete
normalization of the vessel lumen would be the ideal end

result of coronary angioplasty. but a typical result of even a
successful angioplasty is a 30% residual diameter stenosis
(i.e.. a 1.9 mm lumen in a 3 mm vessel) with some degree
of intimal disruption (reflected as localized haziness, filling
defect, 01' dissection) Although this once created a dilemma

about whether to persist with additional balloon inflations

(weighed against the risk of creating a vessel dissection), the
need to obtain a perfect result with balloon angioplasty is now
moot in the stent era—tiny lesion that can be stented is gener—

ally stentecl. in the current vieW. the best position for stand—
alone balloon angioplasty is thus in lesions that are poorly
suited to stenting owing to vessel size below 2 mm or branch
ostial disease where bifurcation stenting is not contemplated.

Given the importance ofachieving the best acute. angio-
graphic result. and the uncertainty inherent in angiographic
assessment of the irregular lumen postangioplasty. a num—
ber of other techniques have been used to grade the qual-

ity of an. angioplasty result. Initially1 PTCA operators relied
heavily on the Lt‘ans-stcuotic gradient as an. index of dilata~
Lion adequacy, seeking a postdilation pressure difference of
<15 mini-lg between the aortic pressure (measured through
the guiding catheter) and the distal coronary artery pressure
(measured through the tip of the dilatation catheter). in prac—
tice. such measurements were complicated by the presence of
the dilatation catheter within the stenosis and the small size
of the dilatation catheter lumen, which led to abandonment

of the gradient measurement by 1988.“ There has been some
recent reawakened interest based on the availability of newer

solid state pressurewmensttring guidewires that can be used to
assess the trans—stenotic gradient at baseline flow and during

maximal hypercmia"3 (see Chapter 24). The goal is to achieve
a fractional flow reserve (FWD—defined as the ratio of dis-

tal mean coronary pressure to aortic mean pressure during
adenosine-induccd hyperemia—ol' )095 in a successful
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PCi. Physiologic assessment can also be dome using Doppler
flow~measttring guidewires to assess the coronary flow reserve
(CF11) as an index of baseline lesion significance and a corn
firmation of adequate dilation. However, this technique is no
longer used in PC! owing to the superiority of FFR as index of

Stetiosis severity, which unlike CFR, is generally not impacted
by the presence of microvascuiar dysfunction. Alternatively,
intrnvascuirtr ultrasound (NUS; see Chapter 25) or optical
Coherence tomography (OCT) can more accurately measure
lumen diameter and cross-sectional area after dilation, and

can detect vessel dissection or hematoma more accurately.
Although IVUS has provided important mechanistic insights
into balloon angioplasty, it is not used in more than 5% to
10% of routine clinical cases because ofthc added procedural
time and expense. In most laboratories, the postdllation
angiogram thus remains the gold standard to assess whether
or not an adequate result has been obtained.

Once adequate dilatation is deemed to have been
achieved, it is common to withdraw the balloon catheter

completely from the guiding catheter, leaving the guidewire

across the dilated segment to allow observation of the treated
vessel for signs of angiographic deterioration. With more pro—
dictable interventions such as stenting, however, a single set

of postprocedut'e angiograms in orthogonal views with the
guidewire removed is usually sufficient to document a suit—
able result in the treated lcsi0n and the absence of dissections,

branch occlusions, or guidewire perforations iii the adjacent

portions of the vessel. At that point, other significant lesions
may be dilated, if needed, or the procedure may be concluded

and the patient transferred to the recovery area.
Radiation safety is an integral component of PG, and

processes to minimize exposure of the patient and staff must

be stringently followed” (see Chapter 2). The informed con—
sent process ought to include a discussion on the potential
adverse effects of radiation, particularly for those likely to
receive high doses from complex procedures. Following the

procedure, the patients radiation dose (cg. cumulative skin
dose, fluoroscopy time, number of cine images) should be
recorded. it is recommended that, for the management of
patients who receive a high procedural radiation dose, each
laboratory define a threshold dose above which follow-up
protocols are initiated.

F‘OSTFROCEDURE MANAGEMENT 
Postprocedure management after PCI has been progres-
sively streamlined." It. was once cotnmon to leave the arterial
sheath in place overnight with continued heparin infusion,
while perfusing the sheath lumen and monitoring for distal
limb ischemia. This practice allowed prompt vascular reac—
Cess should delayed abrupt closure occur.“ With the advent
of stenlirtg and glycoprotein llbr'llla receptor antagonists,

such delayed abrupt closures occur so infrequently that the
practice shifted to removal of the sheaths later the same day

H633:

as soon as the heparin effect wore off (ACT €160 secondS).
with no postprocetlul‘c heparin infusit'm.ml In fact, now with
the wide adoption of femoral puncture site closure devices
and radial access, it is common to remove the arterial sheath

in the catheterization laboratory at the end of the interven-
tional procedure, despite a fully anticoagulated state.

After sheath removal, the patient typically remains at bed
rest for 6 hours and then ambulates before discharge. The

time to atnbulation is reduced significantly, however, ifa fem—
oral closure. devicc has been used. if a glycoprotein lib/Illa

receptor antagonist is used intraprocedurally, it is commonly
infused for approximately 13 hours postprocedure, though
there is a trend toward shorter infusions in order to reduce

the risk of bleeding.“ Aspirin (81 to 315 rug/day) is contin—

ued indefinitely, and patients who have received a stent are
given clopidogrel 600 mg (or Prasugrel 60 mg, 'i‘icagrelor

180 mg) as a loading dose (300 mg with 24 hours of fibrino—
lytics) during or prior to the procedure. lf'l'icagrelor is used,
typically the dose of aspirin is reduced (see Chapter 5). The

duration of dual antiplatelet therapy varies depending on
type of stent, technical factors (left main or bifurcation stent-

ing), clinical factors [stable versus acute coronary syndrome),
and the potential risk of bleedingla'n'” (Table 23.]; see also

Chapter 5), Patients should be counseled on the importance
of compliance with dual antiplatelet therapy and that ther—
apy should not be discontinued without consultation with
their cardiologist. Proton pump inhibitors should be used
in patients with a history of prior gastrointestinal bleeding
who require dual antiplatelet therapy, and it is reasonable to
prescribe those for patients at increased rislt for bleeding If
the risk from bleeding outweighs the potential benefit of the
recommended duration of dual antiplatelet therapy. earlier
discontinuation is reasonable.l5

With a good angiographic result in the treated lesions,
marked relief of ischemic symptoms should be expected

unless other significant disease has been left untreated. in
the patient with significant multivesscl disease (see below),
it may thus be particularly helpful to measure the FFR across
any indeterminate lesion using a pressure wire at the time
of the procedure or perform a maximal exercise test in a few
weeks after discharge. Earlier (to, predischarge) exercise

testing was once performed on a routine basis. but has now
been abandoned owing to the potential of groin rebleeding,

delay of discharge, or the small risk of precipitating throm—
botic closure of the dilatation site. Patients may return to full

activity within 72 hours, by which [line the groin puncture
site should have healed sufficiently to allow even brisk physi-
cal activity.

Patients should expect to have no or minimal angina]
symptoms early after discharge—ongoing angina] symptoms
after discharge suggest persistent untreated disease or a poor
result at the treatment site. A good initial result, with recurs
rent symptoms within the first weeks or i to 2 months may

suggest subucttle steitt thrombosis, which usually presents as an
acute STEMI requiring emergency recatheterization. On the
other hand, initial symptomatic relief followed by recurrence
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-' Recommended Duration ofDualAntipi-eteletThar-apy-Following Sientlm'ii'lbht'aftion '
I Bare-metal stent:

I For stable coronary artery disease patients. a minimu
{unless the patient is at increased risk of bleeding, in

m 0H mo and ideally up to 12 mo of clopidogrel 75 mg
which case it should be given for a minimum of 2 wki‘.

I For acute coronary syndrome, at least 12 me after PCI. Options include clopldogrel 75 mg daily, prasugrel
10 mg daily‘. and tlcagreior 90 mg twice daily”. if the risk of significant bleeding outweighs the anticipated
benefit. earlier discontinuation shoul

   

I Drug-aiming stents:

d be considered“.
 

I For stable coronary artery disease patients, clopidcgrel 75 mg daily for 12 me, if patient not at high risk
of bleeding.

I For acute coronary syndrome. at least 12 months after PCi. Options include clopidogrel 75 mg daily. prasugral
10 mg daily“. and ticagreior 90 mg twice daily”.

'Presugrel should not be administered to patients with a prior history of stroke or transient lschernlc attack.
"Use with aspirin 81 mg daily.
”Use of proton pump Inhibitors ls indicated in patients with a prior history of gastrointestinal bleeding. and reasonable int those at increased risk lea»
advanced age. concomitant use of wartarin, steroids. NSAle‘ Haiicobacier pylori infection).
Continuation of dual entlplatelet therapy beyond 12 months may be considered in a few patients undergoing DEB implantation and in patients with left
main and bifurcation i2 stent) stenting.

of symptoms between 2. and 6 months suggests restcnosis of
the dilated segment. (Clinically significant restcnosis has been
reduced markedly from 30% with PTCA to 15% with bare—
metal slanting and to <5% with drug-eluting stenting.) When
symptoms recur l or more years after successful angioplasty.
it generally suggests progression of disease at another site.‘H

Along with educating the patient and family regarding
these possibilities and their proposed management (including
additional catheter intervention or bypass surgery, as needed),
the acute angioplasty admission should also be viewed as an
opportunity to educate about changes in lifestyle (smoking
cessation, exercise, weight loss) or drug therapy (for hyper-
tension and/or hyperlipidemia) to reduce the risk for the pro-
gression of atherosclerotic disease.” Current lipid guidelines
call for achieving 3 LDL level of <70 mg/dL in patients with
proven coronary artery disease. as would be the case for the
post-PC] patient.“ Medically supervised exercise programs
(cardiac rehabilitation) should be recommended to patients
after PCl. particularly for patients at moderate to high risk.
Treadmill exercise testing is reasonable for patients entering
a formal cardiac rehabilitation program after PCl. but rou—
tine periodic stress testing of asymptomatic patients after PCI
without specific clinical indications should notbe performed.

  
  

 MECHANISM OF PERCUTANEOUS
TRANSLUMINAL CORONARY

ANGIOPLASTY

According to the original explanation proposed by Better and
Judkins' and by Gruentzig at al.,3 the enlargement of the vas—
scl lumen following angioplasty was ascribed to compression
of the atliercrnatous plaque—akin to footprints in the snow.
In fact, true plaque compression accounts for a minority of

the observed improvement.“ Extrusion of liquid compo-
nents from the plaque does permit some compression of soft
plaques but contributes minimally to improvement in more
fibrotic lesions, even when balloon inflation is prolonged to
1 minute. in the absence of significant reduction in plaque
volume. most of the luminal improvement following PTCA
seems to result from plaque redistribution—more like foot—
prints in wet sand. Some of this takes place by longitudinal
displacement of plaque upstream and downstream from the
lesion. but maximum improvement in the lumen following
balloon angioplasty or stenting results from controlled over-
stretching of the entire vessel segment by the FTCA balloon.
This stretching leads to fracture of the intimal plaque and par—
tial disruption of the media and adventitia, with consequent
enlargement of both the lumen and the overall outer diameter
of the vessel” (Figure 28.5).

Although use of a full-sized balloon (balloon/artery
ratio of 1:1) should theoretically eliminate all narrowing at
the treatment site. the overstrctchcd vessel wall invariably
exhibits elastic rccoil"9""’ following balloon deflation and
some degree of local vasospasm.” These processes typically
leave the stretched vessel with a residual stcnosis. A typical
balloon angioplasty result also shows evidence of localized
trauma to more superficial plaque components as an almost
universal hazincss of the lumen.5L Higher degrees of disrup-
tion are reflected by intimal filling defects (Figure 28.6 ), con-
trast caps outside the vessel lumen, or spiral dissections that
may interfere with antegrade blood flow (Figure 28.7). Such
local disruption has been seen on NUS. angioscopy. and his—
tologic examination of postmortem angioplasty specimens.
and its extent correlates with the risk of an occlusive com-

plication.52 In contrast, stcnting or directional atherectomy
reduces or even eliminates this elastic recoil, dissection, and
vascular tone. and thereby provides lower (0% to 10% rather
than 30%) postprocedural residual stcnosis, and a smooth

—————d
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 Proposed mechanism of angioplasty. A. Deflated balloon positioned across stenosis. B. Inflation of
' the balloon catheter within the stenotic segment causes cracking of the intimal plaque, stretching of

the media and adventitia, and expansion of the outer diameter of the vessel. C. Following balloon
deflation, there is partial elastic recoil of the vessel wall, leaving a residual stenosis and local plaque
disruption that would be evident as haziness of the lumen contours on angiographv.

and uniform lumen by angiography or lVUS, with less chance
of acute or delayed closure.

Given the amount ofvascular injury that takes place dur—
ing balloon dilation. it is remarkable that dislodgment and
clinically evident distal embolization of plaque fragments
seem to be infrequent both in experimental studies“ and
in most clinical angioplasty procedures. There is increasing
evidence, however‘ that subclinical distal atheroemboliza-

 
a

Lion during balloon angioplasty and stent placement occurs
frequently. the is most clearly established in patients under—
going dilatation of a saphenous vein bypass graft or patients
with large thrombi adherent to the lesion. Distal embolization
of large {>1 mm) plaque elements is usually manifest as an
abrupt cutoff of flow in the embolized distal vessel.“ In con-
trast, micmembolization of plaque debris or adherent throm—

bus niay contribute to postprocedurc chest pain, enzyme

 
Normal healing at PTCA~releted coronary dissection. As compared with the baseline angiogram
(A), the immediate post—PTCA angiogrsm {Bl shows enlargement of the left anterior descending lLADl
lumen with two small filling defects typical of an uncomplicated ccronary dissection larrowi. Follow-
up angiogram 3 months later (C) shows preservation of luminal caliber with complete healing of the
localized dissection (arrow). (From Baim DS. Percutaneous transluminal coronary angioplasty. in
Braunwald E, ed. Harrison’s Principles ofinternai Medicine: Update Vi. NewYork: McGraw—Hill: 1935.)
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Coronary dissection leading to abrupt closure.The appearance of a right coronary stenosis prior to
(Al and immediately following (Bl coronary angioplasty, with an evident localized dissection. Within
15 minutes following removal of the dilatation catheter, the patient experienced chest pain associ-
ated with inferior ST—segment elevation and angiographic evidence of progressive dissection with
impeded antagrade flow (0). Standard management in 1980 (when this case was done) consisted
of emergency bypass surgery, which was accomplished without complication. Current practice is to
attempt to recroes the lesion and treat the dissection with angioplasty and stems. (From Balm DS.
Percutaneous trensluminal angioplasty—“analysis of unsuccessful procedures as a guide toward
improved results. Cardiovasc inter-vent Radial 1982;5:186.)
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elevation, or the no-reflow phenomenon in which there is
dramatic reduction in antegrade flow with manifestations of
severe ischemia (chest pain and ST—segment elevation), in the
absence of epicardial vessel stenosis, dissection, or macroerna
bolic cutoff.“ Nowreflow can usually be improved by distal

intracoronary injection of an arterial vasodilator (adenosine
12—50 pg; nitroprusside 100 pg; veraparnil 100 pg; diltiazem
250 pg; nicardipine 200 ugwbut not nitroglycerin, which is
more of an epicardial than arteriolar vasodilator). But such
treatment does not prevent periprocedural myocardial infarc-
tion. In contrast, the use of a distal embolic protection system

in vein graft interventions (see Chapter 29) recovers athero-
embolic debris and reduces the incidence of these complica-

tions by nearly half. The SAFER trial of vein graft stenting
thus showed that such enzyme elevations occurred in 17% of
lesions, with evidence of no-reflow in 8% of lesions, which
were reduced to 9.7% and 3.3%, respectively, through the use

of distal embolic pro tection.“5 Similar benefits have now been
seen with distal embolic filter devices,” and in other vascu-
lar beds (carotid). However, they have not been shown to

improve outcomes in native coronary arteries, but are selec-
tively used by some interventionists in the presence of a large
thrombus burden at the site of the culprit lesion.Ea

Although it is a theoretical possibility with sufficient
local stretching trauma, frank vessel rupture fortunately has
turned out to be a rare consequence during conventional

balloon angioplasty, barrlng the use of significantly over—
sized balloons.” Vessel perforation is actually more common

(approximately 1% incidence) when atherectomy devices

 

are used“ (see Chapter 29), when stems are postdilated at

high prcSSure (“918 atm) with oversizcd (fillzl) balloons,
or when stiff or hydrophilic wires are advanced into small
distal branches. Local vessel perforation or distal guidewr’re per-

foration in a patient treated with rt glycoprorein lib/lilo antago-
nist usually constitutes a medical mergency requiring prompt

occlusion of the perforation site with a balloon, drainage of

hemopericardiurn if cardiac tamponade is present, and defini-
tive sealing of the perforation site with prolonged balloon
inflation, a covered stent, an embolic coil, or emergency sur-

geryfi‘i-m (see Chapters 4 and 44).

ACUTE RESULTS OF ANGlOPLASTY

Early published data on coronary angioplasty success derive
mostly from the 3.000-patiertt NHLBt Angioplasty Registry,
which collected all procedures performed between 1977 and

September of 1981."2 Although case selection in the registry
focused on “ideal" PTCA candidates—those with proximal.

discrete, concentric, subtotal, noncalcified stenoses of a single

vessel—the primary success rate of 61% would be considered
disappointing by current standards. The main explanations for
the low primary success rate in the registry were failure to cross
the lesion with the dilatation system (29% of cases) and fail-
ure to dilate the lesion adequately once having crossed (12%
of cases). These failures were a result of two factors: the rela-

tive laclt of experience of operators contributing cases to the
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registry (the learning curve) and the use of original Gruentzig
fixedwvire dilatation catheters with limited maneuverability,

a comparatively high deflated balloon profile, and a low peak
inflation. pressure. Also sobering was the nearly 9% incidence
of major complications, including a 6% incidence of emer-
gency bypass surgery to treat abrupt vessel closure owing to
local dissection, a 4.9% incidence on-wave myocardial infarc-
tion, and a 1.5% mortality rate.

Despite the inclusion of patients with more difficult
coronary anatomy, progressive improvement in equipment

(including the widespread availability of steerable guide—
wires since 1983) ensured that the Second PICA registry
(1985~1986)“'°1 had a success rate of 78%, with reduction in

the incidence of major complications to 7%, including emer-
gency bypass surgery 3.5%, Qawave myocardial infarction
4.3%, and the mortality for patients with single-vessel disease

(from 0.85% to 0.2%). Overall procedural mortality, however,
remained close to 1% because of the inclusion of larger num-
bers of patients with multivessel disease in the 19854986
registry.

Following the introduction of stems and better antico—
agulant and antiplatelet regimens, there has been a steady
decline in major adverse event rates: Acute procedural sue-
case is approximately 95% and the rate of major adverse car—

diac events has fallen to roughly 3% (death 1%, emergency
surgery 0.3%, and Q—wave or large non—Q-wave M1 1.5%).63
But it is important to remember that significant complications

continue to occur. and the burden remains on the operator to
select patients carefully, choose the best approach, execute it
well, and respond quickly to evolving complications to mini.-
mize their ultimate scope and clinical impact.

COMPLICATIONS

As a specialized form of cardiac catheterization, coronary
angioplasty is attended by the usual risks related to invasive
cardiac procedures (see also Chapter 4). In contrast with

diagnostic procedures, the larger—caliber guiding catheter
used for angioplasty is more liltcly to result in damage to the

proximal coronary artery and cause local bleeding complica-
tions at the catheter introduction site. Selective advancement

of guidewircs and dilatation catheters into diseaSed coronary
arteries may lead to vessel injury if they are manipulated too
aggressively

Several systems have been devised to predict risk, which
may be useful in preprocedural discussions with the patient

and family or in monitoring how actual procedural outcomes
over time compare with what is predicted (risk adjustment,
looking at the observed versus expected complication rate
ratio). The risk of procedural or in-hospital mortality is driven
mostly by clinical factors such as age, cardiogenic shock,
Congestive heart failure, renal failure, and urgent or emer—
gency PCIGG'“ (Table 28.2). An example of a contemporary
risk model for estimating the probability of cardiovascular

complications from PCI using clinical variables alone is shown

in Figure 28.8. Procedure success and overall complications,
however, tend to be driven by lesion-related features. The

original AHNACC Type A, B, and C lesion categorization“
{Table 28.3) was modified by Ellis” to discriminate between
131 and B2 lesions (i.e., those with one or more than one

B characteristic), but the continued validity of this classifi
cation scheme has come into question in the stent era. The

Society for Cardiac Angiography and Intervention has thus
proposed a simplification into four risk categories (based on

whether or not the lesion has a type C feature and whether
it is patent or occluded).u This offers a somewhat bet—
ter predictive value for both procedural success and major

complications (death, myoeardial infarction [CK elevation],
emergency surgeiy, or emergency repeat angioplasty) and

shows the patent effect of stealing in reducing those compli—
cations across the board (Figure 28.9).

The potential effect of stenting (and potentially of plate;
let glycoprotein lib/Illa antagonists) on reducing the need for
emergency surgery is shown clearly in an analysis from the
prospective Mayo Clinic registry report of 24,410 consecu—
tive PCls performed from 1979 through 2004.5 in the stent
era, emergency surgery was required in approximately 0.5%
of cases. The prevalence decreased from 1.6% of PCI in the
early 19905 to 0.4% in 2003—2004 (P *C 0.001), in parallel
with increased stent use [Figure 28.10). Similarly, in—hospi—
is] major adverse cardiovascular events and death decreased
from 5.1% to 4.0% and 2.6% to Lil-1%. respectively, during the
same time periods. in contrast, an increase in Q—wave myo-
cardial infarction and stroke rates was noted: 0.9% to 1.8%

and 0.2% to 0.6%, respectively. '1‘he reversal in the favorable
trend, with an increase in these two endpoints, is a reflection
of the fact that PC] is increasingly being performed in patients
with. greater acuity and more complex lesion anatomy, with
the use of more potent adjunctive anticoagulant and anti-

platelet therapies in contemporary practice. Nevertheless, the
event rates in selected patients with stable coronary artery
disease in current practice are exceedingly low with the rates
for emergency CABG, in—hospital death, Q—wave myocardial
infarction, stroke, and the composite of major adverse events
being 0.3%, 0.1%, 0.1%. 0.2%, and 3.6%, respectively.73

Periprocedural Myocardial Infarction
The universal definition of myocardial infarction defines PC1—
related injury (type 4a) as an elevation of "33-5 X URL within
48~hours of the procedure together with either (i) evidence
of prolonged (2320 minutes) ischemia as demonstrated by
chest pain, or (ii) lschernic ST changes or new pathological
Q waves, or (iii) angiographic evidence of a flow limiting
complication, such as of loss of potency of a side branch, per-
sistent slow—flow or no-reflow, embolization, or (iv) imaging
evidenCe of new 1055 of viable myocardium or new regional
wall motion abnormality and recommends that cardiac tro-

portin be used as the preferred biomarlter which, given the
advent of high sensitivity assays, establishes the threshold for
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- Multivariabla Predictors of Mortality in Varioits Published Interventional Models
 
  

  

 

 

 

 

 

 

  

 

 

  

 

 

 

Database New‘i’ork SCAI 5 US NNE 9 Michigan ACC-NCDR BIaumont
source hospitals hospitals

Years of 1991—1994 1992 19993994 1994—1999 19974999 1999-2900 1999—1993treltment

Number of 62,670 10,622 12,935, 15,931 10,729 190,253 9,954
patients

Age x x x x x x x

Ml <24 h X x x x X X X (14 d)

ShOCk x x x x x >4

LV function x X X X

Female X x X

Lesion x "x x _ ,.-,_.._ ><
complexity

Diabetes ' x x

Renal failure x x x x a x

I Left main - Xdisease

Proximal “I, ‘ - -_ x —LAD

Urgent x X
procedure

PrIproce- W - x Xdure IABP

"REX—"m X X '

Multiveseel )4 >2 _ x —d—“'disease

For each model, the multivariabie correlates of mortality found are indicated by the X symbol.
ACC—NCDH, American College of CardiologyuNatlonsl Cardiovascular Device Registry; IAElP, intreeortlc balloon pump; LAD, left anterior descending; LV,
left ventricular; Ml, myocardial infarction; NNE, Northern New England: F'VD, peripheral vascular disease: SCAI. Society for Cardiac Angiography andInterVenlion.

[From CUtliP DE: H0 KKL, KURT: RE: Bairn '35- Hi5k 355°99'95"“ for PEFGUWHEDUS coronary interventlon—our verslon of the weather report? JAm CollCordial 2003;112:1986—1999. i

PMI at very low levels of myooecrcsis.” Based On this defini-

tion, 20% to 30% of patients have evidence of periprocedural
myocardial infarction,75 most of which occurs either due to
side branch occlusion or due to distal microembolization,

The definition is supported by studies correlating the mag-
nitude of biomarker elevation to the extent of irreversible

injury in the myocardiurn on magnetic resonance imaging
and to worse in—hospital and long-term outcomes. However,

there is considerable evidence to Suggest that in the major—
ity of cases, the periprocedural infarction is a reflection of
increased preprocedural rislt (atherosclerosis burden and dis-

ease acuity) and hence the clinical significance of such peri-
proccdural myocardial infarction and its management remain
a matter of considerable controversy and uncertainty.“ The
definition of PCI-relatecl myocardial infarction is likely L0 be
modified in the future.
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Naw Mayo Clinic risk model for prediction of in-hospitsl deatn.Tha coefficients for age, left ventricu—
lar ejection fraction (LVEF). and serum creatinine IeVeI can be determined from the nomograms at the
bottom. Note that congestive heart failure lCHF) needs to be entered only for patients not presenting
with myocardial infarction iii/Ill or shock. If LVEF is unavailable, enter “I for the LVEF contribution if
the patient presents with CHF; enter 0 otherwise. If serum creatinine level is unavailable, enter 1 for
the creatinine contribution if the patient is a man presenting with CHF: enter 0 otherwise. (Mayo Clin
Proc 2007;82i5):701—708, with permission.)

Until there is further clarity on the issue, our recom-
mendation is that cardiac troponin levels be routinely mea—

sured prior to PO. A normal preprocedural cardiac troponin
value identifies those in whom PC] can he performed with

very low risk and may be discharged early from hospital.
Elevated preprocedure cardiac ll‘Ole‘l‘lT‘l identifies a higher
risk cohort who may benefit from preprocedural initiation of
therapies such as glycoprotein Illa/Ilia inhibitors and statins
to improve outcomes. PostnPCl levels should be routinely
measured in patients with complex procedures, suboptimal
angiographic results, or procedural complications (e.g., large
side—branch occlusion, flow-limiting dissection, nodreflow

phenomenon, or coronary thrombosis), as well as in those
who have symptoms, signs, or electrocardiographic evidence
of myocardial ischemia, in order to quantify the extent of
myocardial injury.76 The current PCl guidelines do not rec-
ommend routine measurement of periprocedural biomarlters

in patients with uncomplicated successful PCL It is unlikely
that clinically relevant additional information can be gained
in these patients, independent of preprocedursl risk. While
there are no established cutoffs for cardiac troponin to define

a “large“ periprocedural myocardial infarction, CK—MB eleva-
tion of 35X the upper reference limit and/or new Q-waves
identify patients with extensive injury. These patients should
be monitored in the hospital for an additional period of time

because of an increased risk of arrhythmias, hemodynamic

instability, heart failure, and death. For the purpose of pre-
procedural consent for PCI, it is the frequency of these large
periprocetlural myocardial infarctions (incidence (5%) that
ought to be discussed; also, it must be reported to the patient,
should they occur after the intervention.

Coronary Artery Dissection
Although plaque disruption and dissection may be caused
by the guiding catheter or overly vigorous attempts to pass
the guidewire through a tortuous stenotic lumen, most
dissections are actually the byproduct of the “controlled
injury" induced intentionally by inflation of the dilatation
catheter}7 In fact, localized dissections can be found rou—

tinely in animal or cadaveric models of angioplasty and
are evident angiographically in at least one half of patients
immediately after balloon angioplasty.“ When these dis—
sections are small and nonprogressivc and do not interfere
with sntegrade flow in the distal vessel, they have no clini-
cal consequence. Follow-up angiography as soon as 6 weeks
after the angioplasty procedure usually demonstrates com-
plete healing of the dissected segment (see Figure 28.6),
although occasional localized formation of aneurysms
has been described at the site of dissection."'” Clinically
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 Fifisjfgn metastable-mo Predictors of Procedure Success and Complication Based on the AHA/AC6
igelslofitglas'a‘iflca‘tlen System

Characteristics of type A, Bl, 32, and C lesions  

TypaA lesions (high success, 22-85%; low risk)

Discrete (<10 mm length) 

Concentric 

Readily accessible  

Nonsngulated segment <45°  

Smooth contour 

Little or no calcification 

Less than totally occlusive  

Not ostiai in location  

No major branch involvement  

Absence of thrombus  

Type 31 lesions (moderate success, 60—85%: moderate risk)

Tubular (10-20 mm length)

 

 

Eccentric  

Moderate tortuosity of proximal segment 

Moderately angulated segment, 45°—90“ 

Irregular contour 

Moderate to heavy calcification 

Dstial in location 

Bifurcation lesions requiring double guidewires 

Some thrombus present  

Total occlusion <3 months old 

Type 32 lesions {Ellis modification of AHAIAOC system) 

Two or more type B characteristics 

Type C leslons llow success, <BD%; high risk) 

Diffuse (>2 cm length) 

Excessive tortuosity of proximal segment 

Extremely angulated segment 390° 

Inability to protect major side branches 

Degenerated vein grafts with friable lesions 

Total occlueion >3 months old
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Lesion risk scores. Top.The probability
of success by AHA type lesion {left} and
the new SCAl class (right), treated with
[open bars) and without {ciosao' barsl
coronary stenting. Bottom.The prob—
ability of a major complication based on
AHA lesion type (left) and the new SCAl
class (right), treated with (open bars)
and without (closed bars) coronary
stenting.The SCAl score, based simply
on whether the vessel has one or more
type C characteristics and is open or
occluded, has a stronger predictive value
for success and complications than that
of the traditional AHA/ACE: score.The

beneficial effect of stenting on comp|i~
cations is evident (see alsoTable 28.3;
From Krone RJ, Shaw FiE, Klein LW, et al.
Evaluation of the American College of
Cardiology/American Heart Association
and the Society for Coronary Angiog-
raphy and interventions lesion clas-
sification system in the current "stent
era” of coronary interventions). [From
the ACC—National Cardiovascular Data
Registry. Am J Cardiol 2003;92:389—394.
with permission.)
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significant dissections in contemporary sten1,-ba5ed PCl
are generally seen at either the proximal or the distal stent
edge. These can be managed conservatively if minor, bur
may require treatment with an overlapping stenl if abrupt
closure is considered to be a significant possibility. Guide—
indltced diasections remain an infrequent but serious corn-
plication. generally occur in complex interventions, and
invariably need to be treated with a stent.

Abrupt Closure
Prior to the widespread Lise of stents, large progressive dis~
sections not uncommonly interfered with anregrade flow and
led to total. occlusion of the dilated segment {a phenomenon
known as abrupt closure; see Figure 28.7). With balloon

angioplasty alone (before the advent. of new devices), abrupt
Closure occurred in roughly 5% of patients as the result of
compression of the true lumen by the dissection flap,“ with
superimposed thrombus formation, platelet adhesion. or ves—
sel spasm. In one study,” postangioplasty dissections were
evident. angicgra phically in 40% of dilated lesions. with spiral
(type D) dissections in 3.5% of patients. The presence of a
type D dissection increased the risk of [rank or “threatened"
abrupt closure (residual stenosis >SO%, with reduced ante-
grade flow) from a baseline of 6.1% to 28%. This finding sup-
ports riie earlier findings of Ellis cl. at” showing a livel'old
increase in abrupt closure with postprocedure dissection
and stressing the relative importance of the postprocedurc

result (as Opposed to preprocedure clinical or angiographic
variables) 01] the risk of abrupt closure. Most abrupt closures
after stand-alone balloon angioplasty developed within min-
utes of the final balloon inflation, so that it became the rou—

tine practice to observe the lesion for 10 minutes after the

last balloon inflation, before leaving the catheterization labo—
ratory. But abrupt closure also occurred up to several hours

later (in 0.5% to 1% of cases) as the heparin anticoaguiation
were off (particularly prior to the use of IIbliIla receptor
antagonist infusions in patients with marginal angiographic
results of stand—alone balloon angioplasty).

Before 1985, most patients who experienced abrupt
closure of a major cpicardial coronary artery went directly
to emergency surgery, in an effort to minimize the amount

of consequent myocardial damage. The rate of emergency
surgery was thus 5% to 6%, but even with emergency sur—
gery within 90 minutes of the onset ofvessel occlusion. up to
50% ol‘ patients sustained a Q-wavc myocardial infarction.31
The development of perfusion catheters—infusion catheters
or angioplasty balloons with multiple side holes along their
distal shall. to allow 40 to 60 mL/minutc of blood to enter

proximal to the site of occlusion, flow through the central
lumen, and rte-exit into the lumen distal to the point of
occlusion—allowed patients to go to the operating room in a
nonischemic state (Figure 23.11)1 and was shown to reduce
the incidence of transmural infarction during emergency sun
gery to approximately 10%.Hz Once it was realized that many
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The Mayo Clinic experience from 1979 through 2004 shows the progressive trends in procedural suc-
cess and in-hospitsl outcomes. Group 1, 19794989; group 2, 1990-1996; group 3, 1996 to February 2003;
and group 4, March 2003 to 2004. Group 1 consisted of patients who principally underwent PTCA
alone. Group 2 consisted of patients in whom stems were used mainly as a bailout strategy, with
aggressive periprocedural anticoagulation. Group 3 included patients who regularly received here—
rnetai stente and frequent adjunctive glycoprctein Ilblliia inhibitors. accompanied by dual oral
antipiatelet therapy. Group 4 consisted of patients whose PCI reflected contemporary practice and
included treatment with DES. (From Singh et al. twenty-five—yesr trends in in-hospital and long-term
outcome after percutaneous coronary intervention. Circulation 2007;115:2835—2841, with permission.)

abrupt closures can be reversed by simply readvancing the
balloon dilatation catheter across the lesion to “tacit up" the

dissection via repealed balloon inflation, the emergency sur-
gery rate fell in half to roughly 3%. Prolonged balloon infla—
tions (up to 20 minutes, using an autoperlusio‘n ballpon to

limit ongoing development of ischemia) further improved the
ability to reverse abrupt closure.“

Since 1993, however, the availability of coronary stents
has made the certainty of reversing abrupt closure “990%.“
This success has made it routine to stem, any patient with a
large postprocetlure dissection as a preemptive treatment for
threatened abrupt closure even when flow compromise, is not
apparent, Of course, with elective stenting of b90943 ofinter—
ventional procedures, this problem has been largely elimi-
nated, with emergency surgery rates having fallen to 4.05%.”

Beyond the mechanical issues of residual stenosis and

local dissection, it is now clear that platelet—rich clots cort-
tributc significantly to the abrupt closure process. The
presents. of thrombus, reflected as a globular filling defect,
increases the risk of abrupt closure from 7.2% to 27.8%."

The role of thrombus in abrupt closure is further supported
by an increased rislt of abrupt closure in patients with a
subtherapeutic ACT and the reduction of isehemic endpoints

seen in patients treated with glycoprotcin [lb/Illa inhibitors

(SEE Chapter 50-“ Although platelets may adhere to a dam-
agcd vessel well through a variety of receptors, activation of
the glycoprotein lib/111a receptors represents the final com-

mon pathway that allows them to bind avidly to fibrin to

cause platelet aggregation and thrombosis (see Chapter 5).
Vessels with moderate local dissection but preserved ante—
gradc flow are thus more likely to stay patent in the pres-

ence of potent antiplatclet therapy (cg, glycoprotein lib/111a
antagonists or pretreatment with thicnopyridines), thereby

reducing the incidence of emergency surgery. These agents
also significantly reduce the incidence of periprocedural myo—
cardial infarction, and particularly the incidence of biomaIket’
elevations (non—Q—wave myocardial inlarctions) that are seen
in 20% to 30% of patients undergoing coronary intervention.

Branch Vessel Occlusion

Occlusion of a side branch originating from within the stenotic

segment occurs in 14% ol'v'essals at risk during angioplasty of
the main vessel. This is generally owing to shifting of plaque
which is sometimes referred to as the snowplow effect,“ If the
branch vessel is small, this event usually has no significant
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Use of a perfusion balloon catheter. Top.
The inflated perfusion balloon (arrow)
is shown in the left anterior descend-

ing artery and can be recognized by
the presence of the non-contrast—filled
(white) perfusion lumen running
through the center of the balloon.
Bottom. Injection through the guid-
ing catheter (left curved arrow) shows
direct opaoifioation of the circumflex
(straight arrow) as well as contrast flow
into the distal left anterior descending.
This flow enters through proximal side
holes, passes through the perfusion
lumen within the balloon, and flows
out into the distal vessel (right curved
arrowifihe 40— to BOWL/minute flow to
the distal vessel through the perfusion
lumen helps mitigate myocardial Esch-
emia during prolonged balloon infla—
tions. However, this device is no longer
used in contemporary PC] practice since
routine use of stents has made persis-
tent abrupt closure a rare event.

- - 64757"

clinical sequelae and should not discourage attempted angio-

plasty On the other hand, if a large branch vessel originates
from within the stenotic segment, simultaneous dilatation of
the main vessel and the involved branch with two separate

dilatation systems (the ltissingrballoon technique) may be
required for preservation of both vessels.a5 This originally utir
lized two guidewircs that could be inserted through a single
guiding catheter (one guidewire placed into the main vessel
and the other one into the involved side branch) to allow

alternating advancement of a balloon catheter into one and
then the other vessel.“ Current large—lumen guiding catheters

and low—profile dilatation systems, however. now allow ltiss—
ing balloon inflations through a single 7F or even 6F guid-
ing catheter. The effective side-by~side balloon diameter in
the proximal vessel can be estimated as the square root of the
sum of the Squares of the individual balloon diameters (two 3.0
balloons have an effective combined diameter of 4.25 mm

[square root. of 18 = 9 + 9]). Multiple studies have evaluated
different bifurcation strategies, and in general have concluded
that provisional stenting is the best, with stent placement
in the main branch and stenting of the side branch only if
needed. The results of PCI for some true bifurcation lesions

can be improved, however, by the use of various bifurcation
stent strategies (see Chapter 31) or atherectomy of both the
parent and branch vessel“ (see Chapter 29).

Coronary Perforation
Guidewirc—induced perforation occurs rarely; is typically
seen in complex cases1 especially during PCl for chronic total
occlusions; and does not necessarily have dire consequences.

unless a device is passed over the wire or the wire perforar
tion takes place in a patient receiving a platelet lIbr'llla recep-
tor antagonist. Franit rupture of the coronary artery owing
to the use of too large a dilatation balloon or the use of an
atherectomy device can also cause vessel perforation that
leads to rapid tamponade and hemodynamic CollapseEmil
Perforations may be classified based on angiographic appear-
ance as type I—extra—lurninal crater without extravasation:

type lI—«pericardial and myocardial blush without contrast

jet cxiravasation; and type Ill—extravasation through a frank
(1 mm) perforation. in the absence of extravasation (type III),
most perforations may be effectively managed without

urgent surgical intervention. Even type 111 perforations can
be managed nonoperatively with the combination of pericar-
diocentesis. reversal of anticoagulation, and either prolonged

balloon inflation at the site of perforation or deployment of a
covered stent. If these approaches are not succeEssful, perfora-
tions usually require surgical repair.

Tamponade also may result from perforation of the right
atrium or right ventricle during placement of temporary
pacemaker electrode catheters, particularly in angioplasty
patients who are receiving antiplatclet therapy in addition
to full anticoagulation. This potential complication and the
infrequency 0.11%) of severe bradycardic complications sup-

port the recommendation against prophylactic pacing during
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coronary angioplasty,m although such pacing is required
for certain atherectonly and thrombectorny procedures (see

Chapter 29). Ventricular fibrillation occurs in approximately
1% of angioplasty procedures” usually as the result of pro-
longed ischemia during balloon advancement or inflation.
in addition to causing electrical instability, ischemia during
balloon inflation may cause marked electrocardiographic

changes," abnormalities in regional left ventricular systolic
and diastolic l'unctionFi‘i“

Bleeding
Periprocedural bleeding is increasingly recognized as a risk
factor for mortality, and its risk should be assessed prior to the

procedure using one of several published risk scores .91“ The
incidence of periprocedural bleeding ranges from 3% to 6%
depending on the patient population and the definition used.
Several definitions, derived from clinical trials, are summa-

rized in Table 28ft. Recently, the Bleeding Academic Research
Consortium (BARC) has published a consensus classifica-

tion that is likely to be helpful for standardizing definitions
in clinical trials, but its value in routine practice is uticlear.“”

The adverse effects of bleeding may be either owing to the

direct consequence of the bleed or secondary to the ischemic

complications that may occur owing to the discontinuation of
the essential antiplatelet or anticoagulant therapies. Bleeding

may also be a marker of coniorbidities associated with worse
prognosis (cg, frailty, gastrointestinal pathology, malignancy).
Risk factors for bleeding include patient factors (cg. advanced

age, gender, low body mass index, preprocedural anemia,
chronic kidney disease, acuity of presentation), potency of the
anticoagulant and antiplatelet regimen used, vascular access

Definitions of Major Bleeding

TIMI fiUb'lU

{1938]

Intracranial bleed

.‘ tits '1 ji 
lntracranial bleed

  

ngb b5 gldL or

il—lct >157:

 

fi'm-t—v

ACUITY

(2006i 
Intracranisl or
intraocular

Any transfusion

 
  

site, and sheath size. Strategies to reduce the risks of bleed-

ing include (a) the use of anticoagulation regimens associated
with the optimal risk—benefit profile, (b) weight—based dos—
ing of heparin antl other agents. to) use of activated clotting
times to guide unfractionated heparin dosing, (d) avoidance
of excess anticoagulation, (e) dosing adjustments in patients
with chronic kidney disease, (i) use of radial artery access. and
(e) avoidance of inadvertent femoral vein cannulation.

Device Failures

Although guidewires and balloon catheters are extremely reli-
able, device failure can infrequently occur when any device is

subjected to severe operating stresses (cg, when a guidewirc
is rotated repeatedly in a single direction while its tip is held
fixed in a total occlusion or when a balloon catheter is inflated

past its operating pressure range in an attempt to dilate a resisa
tant stenosis). in a small percentage of cases, this may lead to
detachment of a part of the wire or dilatation catheter, with a
fragment remaining in the coronary arteryq" 111 the stern era,
this also includes dislodgment of the stent from its delivery
balloon or failure of the stent delivery balloon to inflate or

deflate properly To avoid the need for surgical removal, the

angioplasty operator should be familiar with various tech-
niques (baskets, bioptomes, intertwined guidewires) for cath-
eter retrieval.‘°° Although hard to remember in the heat of

the moment, any failed products should be saved, sealed in a
bag, and returned to the manufacturer for structural analysis.
which may disclose a root—cause manufacturing flaw. Device
Failures should also be reported to the Food and Drug Admin-
istration's (FDA’s) Manufacturer and User Facility DeviCe

HEPLr‘iIE F‘ HORIZONSAMl

ipiit'iii (2009)  
lntracranial or
intraocular

Intracranial,
intraocular, or
retroperitonesl

ngb as g/clL with J-Hgb as gde with but: 23 out with
overt bleeding
Any li-Igb 24 mt

overt bleeding overt bleeding
Any ngb 24 g/dL Any ngb 24 g/dL

Transfusion 22 Any transfusion
units of PRBCs 

   
Hemodvnamic Access site Access site
compromise bleeding requiring bleeding requiring
requiring intervention interventionHematorna 25 cm

Heoperation for
bleeding

Hematorna 25 cm

Reoperation for
blleding

intervention

TIMI and GUSTO trials were in patlants receiving fibrlnolytic therapy for acute myocardial Infarction. ACUITY. REPLACE-2. and HORlZGNS trial ractuiifid
patients undergoing parcuta nsous coronary intervention.
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Experience (MAUDE) database (online at wwwaccessdata.
l'da.gov/5cripts/tnedwatch) to facilitate the recognition and
tracking of patterns that may otherwise appear as just a ran—
dom device failure event to a single operator.

THE HEALING RESPONSE TO

CORONARY ANGIOPLASTY—

RESTENOSIS 
Following successful balloon angioplasty. the body attempts to
repair the damage caused by the procedure-related mechani—
cal injury?“ Within minutes, a layer of platelets and fibrin is
deposited. Within hour to days, inflammatory cells infiltrate
the site, cytoltines are released, and vascular smooth muscle
cells migrate from the media toward the lumen. These smooth
muscle cells and Fibroblasts transform into a synthetic phe—
notype and remain in this state as they undergo hypertrophy1
proliferate, and begin to secrete extensive extracellular matrix
(Figure 28.12). The luminal surface is simultaneously colo-
nized by endothelial cells that slowly regain their normal bar-
rier function and secretory functions (e.g., tissue plasminogen
activator (t—PA) and nitric oxide synthesis). Along with this

proliferative neointimal response1 there may also be further
elastic recoil and fibt'otic contraction of the vessel wall (Le,

negative vessel remodeling) during this period. The extent
of proliferation and remodeling appears to vary according to
the artery and type ofintervention—for example, obstruction
within stents is predominantly caused by neointimal hyper—
plasia, whereas significant amount of late narrowing follow~

itlg stand-alone angioplasty occurs owing to contraction of the
vessel wallm2 Although vessel recoil is eliminated by coronary

stcnting. incomplete stcnt expansion at the time of implantation
is an important mechanism for recurrent stenosis, especially in
calcified and fibrotic lesions. Stentfracture owing to mechaniv

cal fatigue caused by repetitive cardiac contraction that causes
compression, torsion, bending and shear stress may also
account for some cases of recurrent stenosis (at least 4961M

I'lypersensitivity to one or more components (cg, Nickel) of
the implanted stcnt has been proposed as a potential mech-
anismm‘ although the evidence for this is limited. There are
also significant patient-impatient variations in the late heal-

ing response after coronary intervention, reflected in variable
amounts of late loss in lumen diameter between the comple—
tion of the intervention and the time when the repair process
stabilizes (~6 to 12 months). Follow—up angiography shows
continued maintenance of lumen diameter at the treated site

beyond this period in the majority of patients”:
if the healing response is excessive. however. most or

all of the gain in lumen diameter produced by the initial

intervention may be lost to the healing process. This causes
the return of a severe stenosis and ischemic symptoms—a
phenomenon known as restenosis of the dilated segment

(Figure 23.13). Throughout the 19805, restenosis was con—
sidered a dichotomous outcome (like death) that either did

 
Mechanisms of rsstonosis: Cross
section ofa restsnotic lesion in

the left anterior descending anory
5 months after initial coronary angio—
plasty shows the original atheroscle-
rotic plaque (AS), the crack in the
medial layer induced by the original
procedure (star), and the prolifera-
tion of fibrocellular tissues (PC) that
constitutes the restenotic lesion. In
stent restenosls. the mechanism is
purely such proliferation, whereas in
nonstont interventions such as bal-

loon angioplasty there is frequently
on additional component owing
to shrinkage of the overall vessel
diameter (unfavorable remodeling) at
the treatment site. (From Serruys PW.
er al. Assessment of percutaneous
transluminal coronary angioplasty by
quantitative coronary angiography:
diameter versus videodensitometrlc
area measurements. Am J Cordial

1984;541:482.)

or did not develop. Although a great deal was learned about
restenosis from the study ofconventiortal angioplasty patients

(cg, its time course1 histology, and various clinical factors
that correlated with an increased incidence of restenosis).”’6

data derived from stem and athcrectomy procedures led to

a new paradigm for evaluating restenosisdo" in this paraa
digm, restenosis was considered as a continuous variable,
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Figure 23.13 Clinical restenosis. A-D. Atotally occluded right coronary artery with filling of the distal vessel by
way of left to right coliaterals. E.The essentially normal appearance of the right coronary artery fol-
lowing successful angioplasty. F.The appearance 6 weeks later when angina had recurred.
G.The appearance following successful re-PTCA. Fiestanosis developed again 5 weeks following the
second PTCA, but the patient was then asymptomatic for more than 6 years after a third FTCA pro-
cedure. (From Dervan JP, Balm DS, Cherniles .J, GrossmanW.Transluminal angioplasty of occluded
coronary arteries: use of a movable guide wire system. Circulation 1983;68:77B.l

and cumulative distribution curves were used to show the

ranked population distribution of the late result (expressed
as either late lumen diameter or late percent diameter stenc—

sis) for the whole treated population (Figure 28.14). 011 the
diameter stenosis curve. the percentage of the population
that has a late diameter stenosis of $6033 (binary resteno—

sis) serves as a useful benchmark for comparing the angio-

graphic restenosis rates between different populations or
treatment groups. Target lesion rcvascularization owing to
recurrent ischemia is an index of restenosis that is clinically

significant. and its incidence is approximately 50% of angio—
graphic restcncsis.

Every treated lesion undergoes some degree of late loss‘
but fortunately late loss usually negates only part (roughly
half) of the acute gain, so that a long—term net gain in lumen
diameter results with alleviation of myocardial ischemia, In

fact, there tends to he a roughly linear relationship between
the acute gain in lumen diameter caused by the intervention
and late loss in lumen diameter (caused by the proliferative

and fibrotic reaction of the artery during the healing phase).

with a slope (the loss index) of roughly 0.5 for most interven—
tions. This means that larger lumen diameters immediately
after intervention translate into larger lumen diameters at

6—month angiographic restudy (the “bigger is better” dictum).
Prior to drug—eluting stents (see below), all new mechanical
devices that have been able to deliver a lower restenosis rate

than that of balloon angioplasty have done so by providing a

larger acute lumen diameter (more acute gain), rather than by
reducing the loss index (Figure 28.15). Angiographie reste-
nosis following balloon angioplasty alone is common (up to l
50%), is less frequent with bare-metal stents (20% to 30%), t
and is least often seen with drug—eluting stems (5% to 10%).
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The view of restenosia as a continuous process that takes place to some degree in every treated
' segment favors displaying the late result (here, percent stenosis at follow-up) for the whole treated

population. For patients treated by balloon angioplasty. directional atherectomy, or stanting, the Y
axis shows the percent of patients who have a stenosis larger than the stenosis value on the X axis.
The ability of stenting and atherectomv to lower restenosis is shown by a shift of their cumulative
distribution function curves to the left, If a dichotomous definition of restenosis is applied, the inter—
section of each curve with a late diameter stenosis of 50% (vertical line} corresponds to a dichoto—
rnous restenosis rate of 43% for angioplasty, 31% for atherectomy. and 26% for stenting. (From
Kuntz RE, at al. Novel approach to the analysis of restenosis. JArn CoiiCero'icl1992;153:1493.)
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 Except for antiproliferative therapies leg, drug-elutlng stents and braohytherapvi. the strongest
determinants of the probability of restenosis (late diameter stenosis of “250% are a large postpro-
cedure lumen diameter and a low residual percent stenosis. Once these variables are taken into
account, it no longer matters which device had been used-it is the result and not the device that
matters. Balloon angioplasty (triangles) thus has a 2- to 2.3—mm lumen with a 40% restenosis rate.
whereas stenting has a 2.9— to 3.2-mm lumen with a 20% restenosis rate (slightly worse results with
stenting in the STRESS study are shown, as wellir Directional atherectomv (squares) has an angio-
plastylike result in CAVEAT but a more stentlike result in BOAT and [JARS (see Chapters 29 and 31).
(Modified from Kuntz RE. et al.Ageneralized model of restenosis following conventional balloon
angioplasty, stenting, and directional atherectomy. JAm Coll Cardioi1993:21:15.i
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The Central importance of the acute postprocedure geomr
etry to the late result, however, does not reduce the importance
of factors that modulate the loss index. Clinical factors such as

diabetes mellitus have a major effect on increasing loss index
and rcstcncsis for any given postprocedure result. The risk of

restenosis may be estimated using models entirely dependent
on clinical variables. One example is the Mid-America l‘leart
institute model, which uses the following characteristics: age
:65 years, male gentler, diabetes mellitus, acute myocardial
infarction, severity of angina, previous PCI, and multivessel
coronary artery disease. The range for the restenosis scores is
0 to 19. Scores in the ranges of 0 to 4, 5 to 3, and 9 to 19 have an
estimated risk of restenosis of 15%, 23%, and 44%, respectively,
with bare-metal stems in the year following the procedure.”

Although such a model is helpful, it is limited by the fact that
it does not include lesion (cg, length, vessel diameter, type C.
lesiOn, calcification, rcstenotic lesion, chronic total occlusion,

and severe tortuosity), and procedural (cg, minimal lumen
diameter post PC], type of stent) characteristics that strongly
influence the likelihood of restenosis, A. model for restenosis

with dmgreluting stents has also been derived and validated

from the EVENT registry using the following variables: age
<60 years, prior PCI, unprotected left main PCI, saphenous
vein graft FCI, minimum stent diameter 52.5 mm, and total

stent length 240 nirn.‘°° Scores ofO, l, and 5 to 10 were associ-
ated with restenosis rates of 2.2%, 4.3%, and 7.3%, respectively.

There has been a relentless search for drugs or procedural
variations that could decrease the late loss index. Although

manipulating procedure~related variables (such as duration
of conventional balloon inflation) has been unrewarding and
trials of numerous systemic drug regimens (aspirin, nifedip-
ine, ticlopidine, steroids, prolonged heparin administration,
fish oil, mevinolin, ketanscrirt, etc.) have shown little or no

beneficial effect against restertosis. two modalities (brachy—

therapy and drug-eluting stents) have shown important ben-
efits against late loss and consequently restenosis.

Brachy‘therapy
Coronary brachytherapy was used in clinical practice for a

short period of Lime in the past, but is no longer performed
given the superiority of drug-eluting stems in preventing and

treating restenosis. The therapy was based on the fact that
delivery of 2,000 centigray ofeither beta1m or gamma‘“ radia—
tion to the tissues of the coronary arterial wall greatly retards

intimal proliferation and recurrent restenosis within bare—
metal coronary slants. Thus, the combination of mechanical

dilation plus coronary brachytherapy was shown to he an
effective treatment for in—stent restenosis, though much of
the benefit, in later studies. was found to be lost by 5-year
follow—up. Trials of primary radiation at the time of stenting
for de novo lesions were less impressive. As with drug-eluting
stents, the inhibition of stent endotheliaiizalion by radiation
treatment was associated with an increased risk of delayed
stent thrombosis which had to be mitigated by long~terrn dual
antiplatclet therapy:

Drug-Eluting Stents
Contrary to the inability of systemic therapy to inhibit
restenosis after angioplasty or staining. the local release of

antiproliferative drugs (e.g.. sirolimus. paclitaxel, zotaroli-
mus, cverolimus) from a polymer matrix over the first few
months after stent implantation can substantially reduce
inflammation and smooth muscle cell proliferation within

a stent (see Chapter 31). 1n this context, an effective drug
reduces iii-stent late loss from the usual Lt mm (500 pm on
each side of the stent) to as little as 0.2 mm (100 pm on each

side of the stent).Iu This dramatically reduces the restenosis
rate after initial stent implantation or after secondary implan-
tation of a drug—eluting stent within an in—stent restenosis.
To provide maximal benefit, the length of such drug-eluting
stents should generally be somewhat (approximately 10 mm)
longer than that of the lesion being treated to prevent injured
but nontreated diseased areas at each end of a shorter stent.

Since drug—eluting stents have delayed endothelialization as
compared with bare-metal stents, the duration of dual anti-

platelet therapy must be extended (minimum 12 months).
Thus, it is important to carefully consider the appropriateness

of using these stents in each case and review the need for, the
duration of, and the ability of the patient to comply with dual

antiplatelet therapy prior to the implantation. Drttg-eluting
stents are appropriate as an alternative to bare—metal stems
in cases in which the risk of restenosis is higher (Table 28.5).
In contrast, bare-metal stents or f’TCA alone should be con—

sidered in patients who have a high bleeding ris'lt, inability to

comply with prolonged dual antiplatelet therapy, or have the
potential need for a planned surgical procedure following the

PCI which will require interruption of the dual antiplatelet
therapy (Table 28.5).

CURRENT lNDlCATiONS

With the improvements in equipment and technique
described above, PCI has become the dominant form of cor—

onary revascularizalion (596,000 PC} versus 416,000 CABG
proCeclures in the United States in 2009)} However, the
previous trend of steady rise in PCI volumes in the United

States has reversed; the numbers of diagnostic cardiac
catheterization and PCI being performed have gradually

decreased since the mid 20005 onwarcP-lu (Figure 28.1).
Potential reasons for the decline include (a) reduction in

smoking and improved treatment ofcardiovascular risk fac-

tors, (b) use ofdrugueluting stents and the associated reduc-
tion in in—stent restenosis, and (C) potential impact of the

COURAGF. trial demonstrating similar outcomes for both
medical therapy and PCT in a select population with stable
coronary artery disease.”“

Key issues that need to be addressed in patient selec—
tion for PCI include the following: (a) clinical justification

for revascularlzation, (b) disease complexity which impacts
the safety and efficacy of PC], (c) potential advantages
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- Clinical Situations Associated with DES or EMS Selection Preference
DES Generally Preferred Over Bil/l5

(Efficacy Considerations)

Left main disease
Smell vessels
ln—stont restenosis
Bifurcations
Diabetes

Long lesions
Multiple lesions
Saphenous vein grafts

EMS F‘rteliirrntl Ow. r DES

ISJIlt‘ty l:i-t|llllr|l:ilt:nll__l ..r  
I Unable to tolerate or comply with DAPT
I Anticipated surgery requiring discontinuation of

DAPT within 12 mo

I High risk of bleeding

EMS indicates bare-mental stentls); DAPT. dual antiplstaist therapy; and DES drug-sluting stands).
iFrom Levine GN, Bates ER, Blankenship JC, et al, 2011 ACCFIAHNSCAI GUldellno tor Parcutaneous Coronary Intervention: :I report 0f the American
College of Cardiology Foundatioanmerloan Heart Association Task Force on Practice Guidelines and the Society for Cardiovascular Angiography and
Interventions. Circulation 2012;t25la):9412.l

and disadvantages of PCI as compared to other therapeu-
tic options such as medical therapy or bypass surgery, and
((1) what combination of intcrventional devices would offer

the best short- and long-term outcomes. This evaluation
process thus involves integration of complex clinical, angio-
graphic, pathophysiologic. and procedural knowledge, and
constitutes an important component of operator training
(see Chapter 1.). The current guidelines recommend that this
function be executed in stable patients with unprotected left
main and complex disease (cg, SYNTAX score >22) via a
multidisciplinary approach. by establishing a "Heart "from"
that is composed of an ilrtervcntional cardiologist. a car-
diac surgeon, and (often) the patients general cardiologist.
Support for this strategy comes front studies showmg that
patients with complex CAD referred for revascularization

in concurrent trial registries have lower mortality rates than
those randomly assigned to PC] or CABG in the trials.115

Moreover the guidelines state that it is reasonable to use the
STS and SYNTAX scores to assist making decisions regard—
ing revascularization.‘“m" The advantage of the SYNTAX

Score is that it is a unique tool that allows quantification
of the angiographic complexity of coronary artery disease.

However, it is complex to calculate and that introduces the
potential for significant error. it may be calculated using an

online Calculator available at itttpcllwwwsyntaxscorccom.
The STS score is based on clinical characteristics and as

such is easier to use and can also be derived from an onlinc

calculator at http://209.220.160.18llSTSchRiskCachfi.|./
deaspx

With the rapid growth of FCI, there has been a series of
guidelines and position papers published in Europe and the
United Stat:es.""'”‘ The ACC/AHA first published Angioplasty
Guidelines in 1988, updating them in 1993, 2001, 2005}
and 2007, A comprehensive revision was published in 2011.
These statements are useful compilations that outline some
well—accepted indications and contraindications for PCI and
are available online at http:/fwww.cat'diosource.org/scicncc

-itnd-quality.aspx. it is beyond the scope of this chapter to
review these. guidelines in detail, and the reader is referred to
this excellent source of material and summaries.'5 The dis-

cussion below includes some general commentary on specific
situations.

Percutaneous Coronary Intervention

to Improve Survival in Stable Disease
The 2011 guidelines do not give a class I recommendation
for patients with 1ch main stenosis. Thcy recommend that
PCI for this purpose is reasonable (class Ila), as an alternative

to CABG, iii selected stable patients with significant. (33-50%
diameter stctrosis) unprotected left main disease with (1)
anatomic conditions associated with a low rislt of PCI printer
dural complications arid a high likelihood ofgood long—term
outcome (cg, a low SYNTAX score [<22], ostial or trunk left
main stenosis); and (2) clinical characteristics that predict a

significantly increased risk of adverse surgical outcomes (cg,

STS—predicted risk of Operative mortality 55%; Table 28.6).”
in patients with unstable anginajnon—S'f—elevation myocar—
dial infarction. PCI is reasonable when an unprotected left
main corollary artery is the culprit lesion and the patient
is not a candidate for CABG. Finally. in patients with acute
STEMI, PCI is reasonable for an unprotected left main cor-
onary artery that hosts the culprit lesion causing decreased
blood flow ('t‘hrornboiysis In Myocardial Infarction [TIMI]
grade (.3), and PC] can be performed more rapidly and safely
than CABS.”

The only recommendation for PCI to improve survival
in patients without left main disease is for those who sur-
vive sudden cardiac death with presumed ischemia-mcdiated
ventricular tachycardia caused by significant (237096 diam-
eter) stennsis in a major coronary artery Table 28.6.” This is
a class 1 recommendation for which either PCI or CABG may
be performed, as considered appropriate.
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UPLM or complex CAD   

  

 

 

  
 

 

CABG and PCI I—HeartTea’m approach “recommended I _ C

CABG and PCI Ila—”Calculation of STS and sthAk scores a
_fi_,__..__—.—.—_ ._—.._ _.__...__—..—

UFLM"

CABG | B

F'Cl Ila—For SlHlElnwhen boat of the following are present B   

I Anatomic conditions associated with a low risk of PCI proce-
dural complications and a high likelihood of good long-term
outcome (e.g., a low SYNTAX score of £22. ostial or trunk left
main CAD)    

—..——-—~—m—_._. ..

I Clinical characteristics that predict a significantly increased
risk of adverse surgical outcomes (9.9., STS-predioted risk of
operative mortality 25%}      

    
 

     

_ Ila FFofiJmA/NSTEMI if not a CA-BG candidate I .. B

Ila—For STEMl when distal coronary flow isTlMl flow’grade ‘- C—
<3 and PCI can be performed more rapidly and safely than
CABG

- h'lleFor-bl-HD when both of the-following are present ._ B     

I Anatomic conditions associated with a low to intermediate
risk of PCl procedural complications and an intermediate
to high likelihood of good long—term outcome (e.g., low-
intermediate SYNTAX score of 4.33, bifurcation left main CAD) 

I Clinical characteristics that predict an increased risk of
adverse surgical outcomes le.g., moderate-severe COPD, l

l

 

disability from prior stroke, or prior cardiac surgery:
STS-predicted risk of operative mortality 232%)  

  

  
   

  

_ - ll-l: Harm—For SIHD in patients (Versus performing CABG} with B
unfavorable anatomy for PCI and who are good candidates
for CABG

3-vessel disease—with or without —_ _ - _
proximal LAD artery disease“

CABG i" " e
- a [lat——-lt is reason—able to choose CABG o-ver PC! in patients with B

complex 3-vessel CAD [e.g., SYNTAX score :22) who are
good candidates for CABG

F’Cl Ilb_— or uncertain benefit F  

2-vessel disease with proximal
LAD artery disease“

""6? r

PCl llbLOf uncertain benefit ..

  

  

2-vessel disease without proximal
LAD artery disease*  
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CABG Ila—With extensive ischemla B

lib—Of uncertain benefit-without extensive ischemia C

Pm W Hb—ofifihéomngem "‘w“

1-vessei proximal LAD artery _. “—fi _. __.._.. .. - #-disease

CABG Ila—With LlMAfor long—term benefit ___‘mm' a

. PCI _ "Matthew _ .. a

‘I—vessel disease without proximal .m-.._... w -—__-
LAD artery involvement

case III: Han-n ' _-__ a

PCI iH:Hann'""" " ' 3

LV dysfunction _ .. .. ._ -._ h I

CABG Ha~EF3&5&% a

CABG |Ib——EF «135% without significant left main CAD B

F‘Cl Insofficient data 

Survivors of sudden cardiac death
with presumed ischernie-mediated
VT

CABG l B

PCI | ' ' c

  

 

 

No anatomic or physiologic criteria
for revasoularization

l CABG

PCI

 

III: Harm - - B  

Ill: Harm I B

“in patients with multivessel disease who also have diabetes, It Is reasonable to choose CABG (with LIMA} over PCIWM‘ (Class lla,‘ L05: 8).
CAEG indicates coronary artery bypass graft: CAD, coronary artery disease: COPD. chronic obstructive pulmonary disease: COR, class of recommen-
dation: EF. election fraction: LAD. left anterior descending; LIMA, left internal mammary artery; LOE, level or evidence; Lv, left ventricular: NiA. not
applicable: PCI, percutaneous coronary intervention; SIHD, stable ischemlo heart disease; STEMI, ST-elovation myocardial infarction; STS, Society of
Thoracic Surgeons: SYNTAX. Synergy between Parcutaneous Coronary Intervention wlihTAXLlS and Cardiac SurgeryiTlM|,Throml:iolysis In Myocardial
ifiifimioni UNNSTEMI. unstable anginainon-SFaiavation myocardial Infarction: UPLM. unprotected left main disease; andVT, ventricular tachycardia.
[With permission from Levine GN. Bates EFI, Blankenship JC, et al. 2011 ACCF/AHA/SCAI Guideline for Pereutanaous Coronary Intervention: a report
of the American College at Cardiology Foundetloanmericaf-i Heart Association Task Force on Preotlce Guidelines and the Society for Cardiovascular
Anglography and Interventions Circulation 2012;125l81:9412.)

despite guideline—directed medical therapy Table 28.7.” A

lower level of indication (class Ila) is given by the guidelines
for PCI (or CABG) to improve symptoms in patients with one

or more significant (370% diameter) coronary artery stenc—

Percutaneous Coronary Intervention

to Improve Symptoms
PCI is more often performed to relieve symptoms than
improve survival. For this purpose. the 2011 guidelines
state that PCI (01' CABG) is beneficial in patients with one or
more significant (:‘a‘JO‘lfi diameter) coronary artery stenoses
amenable to tevascularization and unacceptable angina

see and unacceptable angina for whom guideline—directed
medical therapy cannot be implemented because of medical-
Lion contraindications, adverse. effects, 01‘ patient preferences
Similarly, PCl is reasonable in patients with previous CABG,
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21 significant stenoses amenable to I—CABG A
revascularization and unacceptable
angina despite GDMT

_____ I—PCI

:Zl—sigtificant stenoiéz'i'a'd'aaac- Ila —CABG ' c
ceptable angina in whom GDMT
cannot be implemented because
of medication contraindications.
adverse effects, or patient
preferences

* " __'* iiél'riéi

_ Previous éAEG with 31 significant Ila—PC! C“-
stenoses associated with ischemia

and unacceptable angina despite
GDMT

_. Iib—CAEG __ _ c

Complex 3-vesael CAD leg-(SYNTAX Ila—CABG preferred over PCI B
score 2:22) with or without involve—
ment of the proximal LAD artery and
a good candidate for CABG

“Viable ischemic myocardium that is ilb—TMR as an adjunct to cross a
perfused by coronary arteries that
are not amenable to grafting

—N‘o anatomic or physiologic criteria ill-:"i-iarni—CABG C
for revascularization

m: Harmr-PCI _

CAEIG indicates coronary artery bypass graft; CAD. coronary artery disease: CDH, class of recommendation; FFFi, fractional flow reserve; GDMT. guide-
line-directed medical therapy; LOE, level of evidence; NIA. not applicable: PCI. percutaneous coronary intervention: SYNTAX, Synergy between Percu-
taneous Coronary intervention with TAXUS and Cardiac Surgery; andTMR. transmvocardlal laser revascularization‘
(With permission from Levine GN, Bates ER, Blankenship .JC, at al. 2011 ACCFIAHAISCAI Guideline for F'crcutaneous Coronary Intervention: a report
of the American College of Cardiology FoundatianAmarican Heart Association Task Force on Practice Guidelines and the Society for Cardiovascular
Angiographv and Interventions. Circulation 2012;125l8lmd12.)

one or more significant (370% diameter) coronary artery
stenoscs associated with ischemia, and. unacceptable angina
despite guideline-directed medical therapy.

Percutaneous Coronary Intervention

in Acute Coronary Syndromes
A detailed discussion on the application of FCl in patients
with non—S'llclevation acute. coronary syndrome or STEM]
is provided in Chapter 30‘ The purpose of angiography and
revascularization, if needed, in non—ST—clcvation acute coro-

nary syndrome is to relieve ischcmia and symptoms as well as
reducing the risk of death and (recurrent) myocardial infarc-
tion. Selection Ol patients for an early invasive strategy (i.c.,

diagnostic angiography with intent Lo perform rcvasculariza—
tion) is based on risk stratification. Patients in whom this

approach is indicated are individuals without serious comet'—
bitlitics or Contraindications to the procedures, who either
have an elevated risk for clinical events or have refractory
angina/hemodynamic comprorniscfelectricai instability?”
The selection of PCI or CABG as the: means oi rcvasculariza-

tion should generally be based on the same considerations as

those for patients without N353.ul The indications for angiog-
raphy in STEMI are summarized in Table 2315‘

Hybrid Coronary Revascularization
Hybrid rcvascularization is defined as the combination
of planned minimally invasive CABG with a left internal

y

#

Page 61

Teleflex Ex. 2167

Medtronic v. Teleflex



 
Page 62

Teleflex Ex. 2167 
Medtronic v. Teleflex 

 

 
- Indications for Coronary Angiography in STEMI
 

Immediate coronary angiography

Candidate tor primary PCl | 

Severe heart failure or cardiogenic I
shook [if suitable revascularization
candidate)

Moderate to-Iarge area of myocar- Ila
dium at rislt and evidence of failed
fibrinolysis  

Coronary angiog-rhahphy 3—24 h after
fibrinolysis

Hsmodynamicaily stable patients iia
with evidence for successful
fibrinolysis 

Coronary angiography before hospi-
tal discharge

 

 

Stable patients llb 

Coronary angiography at any time

Patients in whom the risks of Ill: No Benefit
ravaswlarization are likely to out
weigh the benefits or the patient
or designee does not want inva-
sive care

COR indicates class of recommendation; LOE. level of ovidonca,‘ MA, not appiicabla; PCI, parcutanaous coronary intervention; and STEM], ST—eievationmyocardial infarction.

lWith permission from Levine GN. Betas EH. Blankenship JC. at al. 2011 ACCFIAHAISCAI Guideline for Parcutanaoua Coronary Intarvantion: a report
of the American Collage of Cardiology Feundatioanmorican Heart Association Task Force on Practice Guidelines and the Society for Cardiovascular
Angiography and Interventions. Circulation 2012:125(8):e412.l

mammary (LIMA) graft to the left anterior descending (LAD)
artery and PC] in one. or more non—LAD coronary arteries.
The available data on this topic are too limited to allow defini—

tive recommendationrs, and no randomized trial has compared
the hybrid strategy with PG or CABG alone. Small observa-

tional studies have rcportccl low modality rates (0% to 2%)
and acceptable event-free survival rates (83% to 92% at 6 to
12. months), and similar outcomes for conventional CABG

at 30 days and 6 months,"“” The goal of hybrid rcvascular—
ization is to combine the advantages (durability and survival

benefit) of the LIMA graft with the relative simplicity of PCI
in patients who have multivcssel disease involving the LAD.
l-berid rcvascularization is reasonable in patients in whom
technical or anatomic limitations to performing one form
of rcvascularization alone are present (cg.I lack of suitable
graft conduits, heavily calcified ascending aorta, a non—LAD
coronary artery unsuitable for bypass but amenable to PCI‘

nonfcasibility of PCI ol the LAD). The procedures may be
performed in a hybrid suite in one operative setting or as a
staged procedure (typically during the same hospital stay)

when CAEG is performed before PCl in order to document
the potency of the LIMA graft during subsequent angiogra-

phy and to avoid the risk of pcriopcrattvc bleeding in patients
requiring dual anliplatclct therapy. Angiography of grafts

placed during minimally invasive surgery is generally recom—
mended because of the lower graft patcncy rates as compared
with traditional surgery through a midline stcrnotomy.

Complete Revascularizatlon
CABG more often results in complete. or near complete
rcvascularization than doas PCl. There are no data from any
randomized trial comparing complete and incomplete rcvascu—
larization. The extent to which initial incomplete rcvasculariza-
tion influences outcomes is unclear. In a retrospective analysis
from the EARI trial comparing CABG to PCI with bare-metal
stents, there was no independent survival advantage from corn-
plEtE as compared to incomplete rcvascularization, The authors
concluded that construction of more than one graft to any sys—
tem other titan the LAD conferred no long—term advantage”?
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In a contemporary single-center retrospective study of 1914

consecutive patients with multivessel coronary disease under—
going drugaeluting stem implantation (1,400 patienls) or coro-
nary artery bypass graft surgery (514 patients), the frequency
of complete revascularization ranged from 40.9% to 56.6% for
PCI and 669% 1078.2% for CABG depending on the definition

of complete I'EVflSClJlaY'iZflliOn.”B Anatomically complete revas«
cutarization did not improve the long-term clinical outcomes
after either PCI or CABG. In patients with extensive coronary

artery disease, however, multivessei incomplete rcvaseular—
ization was associated with unfavorable long-term clinical

outcomes. in general. as one would expect, the need for subse-
quent CABG is usually higher in those With initial incomplete
revascularization with PCI.

APPROPRIATENESS CRITERIA

FOR USE OF PERCUTANEOUS

CORONARY INTERVENTION IN

CORONARY REVASCULARiZATION

As described in this chapter, PCl is associated with significant
benefits which are accompanied by inherent risits and costs.
Advances in technique and widespread availability allow PCl

UNNBTEMI I
i PrimaryIit

High at; loniuros Ranerl'ualon 
<12hra =12hrs

Sworn HF, persistent
lschornln. hemodynemlc or
electrical lnalublllty Present

Successful __Reperruslon with
lyllo or PCI

\“Post - Index -—-‘-
Hospitalization

Index _.. ,
Hospitalizallon

 

\
Asymptomatic: no

Mntodynamia Instability one
no electrical instability

Asymptomatic: no HF. no evldenco oi
recurrent or provocablo ischanlia or
no unstable ventricular arrhythmioo

to be performed in a wide spectrum of patients. However,

medical therapy and. CABG are often viable alternatives, and.
in some cases, superior options. Thus, assessing the approprin
nteness of PCI in clinical practice, as with any diagnostic or
therapeutic modality, may provide a process to facilitate com~
munication between patients and physician, identification
of procedural overuse, quality improvement. education, and
potential cost savings. Recently, appropriate—use criteria for
coronary revascularizaiion have been developed by consen-
sus among six professional organizations” with subsequent
minor revisions.”'6 The criteria are based on the acuity of

disease (stable versus acute coronary syndrome). assessment
of ischemic burden by a stress test. severity of symptoms.
adequacy of medical therapy. and angiographic complexity
of the coronary atherosclerosis (Figures 28.16 and 28.17).
They are intended to provide guidance rather than be a
substitute for good clinical judgment and experience, and

acknowledge the difficulty or uncertainty that often exists
in clinical decision-making. While the role of these criteria

in clinical practice remain to be established, a recent study
from a large multicenter national registry reported that 98.5%
of all PCI performed in the United States for acute indica-
tions (STEMI and high—risk non—ST—elevation acute coro—
nary syndrome) was for appropriate indications. In contrast,

among PC] performed for nondacute indications, 50.4% was

- Catrllogenlo shock 4—- STEMl i

Thrombolytlo
therapy

Evidence of HF. recurrent
Isci'lnl'l'liB. or unstable «onlriculor

arrhyllimlos present

Asymptomatic: no HF. no recurrent
ilCl‘leic symptoms. and no IJI'IBiflbiD

/ vonllleulnrarrllythmlol \
Normal LVEF with Depressed LVEF wlth

1 vessel CAD 3 vessel CAD

_. Rovoseulsrlzotlon oinon-culprit reasons)

Symptoms ol recurrent myocardial Iscllemia —- Revascularleallon ot
nndior high-risk findings on non-lnvnslve stress

testing periormeo otter index llosnllallzallon
non-culprit vest-tells)

 

Appropriateness criteria for acute coronary syndromes. A indicates appropriate; CAD, coronary
artery disease; HE heart failure; I, inappropriate; LVEF, left ventricular ejection fraction: PCI, percu-
tanaous coronary intervention; STEMI, ST-elevstion myocardial infarction; Uf uncertain; and UN
NSTEMI, unstable angina/nou-Sl‘elevetlon myocardial infarction. (From Patel M et al. Appropri—
ateness Criteria for Coronary Fievasoularizatlon: a report by the American College of Cardiology
Foundation Appropriateness CriteriaTask Force. Society for Cardiovascular Angiography and Inter—
Ventions, Society oiThoracio Surgeons, American Association forThoraeio Surgery, American Heart
Association. and the American Society of Nuclear Cardiology Endorsed by the American Society of
Echoeardiog raphy, the Heart Failure Society of America, and the Society of Cardiovascular Com-
putt-3d Tomography. Circulation 2009;119:1330-1352.)
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Clean ill or IV
Max Rx

C I | or II High Risk
Rx lilo/min Rx

, Max Rs
Class III or [V

Nul Rx

 

discuss;
no Pm,

CCS Class or II Angina
symptom:

M a Mad. Rt:
III or W H iuh Rial:

Max Rx Max Rs
Class I: or ll High '31:Nolmitl Rx

Corollary
Anatomy

Class illorl’V
Max Rx
Clue: l or H
Max Rs
AsymptomaticMex lb:
CIB: Iii or [V
Nolmin Rx
Chas] or ii
Nolmin Rx I
Mympwmnic lNil/min Ra.

 
Coronary CTO of .

i ‘11-: no disuse; disuse disuse;with no Lei!
Pros. Main
LAD

 
 

m Appropriateness criteria for patients with stable coronary artery disease without prior bypass sor-
gery who have low-risk findings on noninvasive imaging (top left panel), are asymptomatic [top right
panel), have intermediate—risk findings on noninvasive imaging study (middle leftpaneli, CCS Class |
or ii angina (middle right panel), high-risk findings on noninvasive imaging (bottom left panel), and _
CCS Class ill or IV angina {bottom rightpanell. A indicates appropriate; CTD, chronic total occlusion;
I. inappropriate; |nt., intervention; Med., medical; Prcx. LAD, proximal left anterior descending artery:
Fix. treatment; U, uncertain; and vz., vessel. (From Patel M, et al. Appropriateness Criteria for Coronary
Fievascularization: a report by the American College of Cardiology Foundation Appropriateness Criteria
Task Force, Society for Cardiovascular Angicgraphy and Interventions, Society OfThOraCic Surgeons,
American Association forThcracic Surgery, American HeertAescciation, end the American Society of
Nuclear Cardiology Endorsed by the American Society of Echocardicgraphy, the Heart Failure Society

I of America, and the Society of Cardiovascular Com putedTomcgrephy. Circulation 2009;119:1330—1352.)
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classified as appropriate, 33.0% as uncertain, and 11.6% as
inappropriate. The majority of inappropriate PCls for nonr
acute indications were performed in patients without angina.
with low~rislt ischemia on stress testing, or with suboptimal
(51 medication) antianginal therapyul’ The findings suggest

that the great majority of procedures in contemporary prac-

tice are performed for appropriate indications and that there

appears to be substantial variation among hospitals in the
rate of “inappropriate" procedures for nonaacutc indications
(median 10.8%; interquarrile range 6.0% to 16.7%).

QUALITY AND REGULATORY

CONSlDERATIONS 
The 2011 PCI guidelines recommend that every PCI pro-

gram operate a quality improvement program that routinely
(a) reviews quality and outcomes of the entire program;
(b) reviews results of individual operators; (c) includes risk

adjustment; (:1) provides peer review of difficult or compli—
cated cases; and (e) performs random case reviews. In addi—
tion. every PCI program should participate in a regional
or national PCl registry for the purpose of benchmarking
outcomes against current national norms.” PCl quality and
performance considerations are defined by attributes related
Lo structure (e.g., equipment, supplies, staffing. institutional
and operator—level volumes, and the availability of electronic
medical records, processes, and risk—adjusted outcomes)

and processes (protocols for pre- and postprocedural care.
appropriate procedural execution and management of com—
plications, participation in databases and registries). Risk-
adjusted outcomes are the consequence of these structural

and procedural elements of Care, and when available are
more reliable measures of quality than are the institutional

or individual operator volumes. These data can be used for
internal quality—improvement efforts and public reporting.

Early in the development of coronary angioplasty, phy—
sicians active in diagnostic catheterization learned to per-
form angioplasty by attending live demonstration courses

and watching or assisting on a small number of procedures
(cg, 10 to 20) under the guidance ofa knowledgeable opera—
tor. Given the ever-increasing complexity of the procedure.

however. virtually all new PCI operators since the mid-19805
have received formal training consisting of a third (and often

fourth) year of interventional fellowship beyond completion
of their training in diagnostic coronary attg‘iography. These
fellowships are now approved by the Accreditation Council
for Graduate Medical Education CACGME; see Chapter 1)

and require the interventional trainee to perform a minimum
of 250 procedures.lal It is reasonable for all physicians who
perform PCI to participate in the American Board of Internal
Medicine interventional cardiology board certification and
maintenance of certification programs.

Broadly speaking there is a volume—outcome rela-
tionship at both, the institutional and operator 1evel.”1-‘3’

However. this relationship is complex and inconsistent
across low-volume institutions or operators. Operator expe—

rience may modify the volume—outcome relationship, and
hence risk-adjusted outcomes is the preferred metric.'3*'”5
The 2011 PC] guidelines recognize that there is controversy

on this topic. and recommend the following operator and
individual volumes for maintaining competency.is Elec—

tive/urgent PCl should be performed by operators with an
annual volume of ‘975 procedures at high-volume centers

(>400 procedures) with on-site cardiac surgery with out—
comes that meet national benchmarks. The guidelines allow

some flexibility by stating that it is reasonable for operators
with >75 PCl/year to perform elective/urgent PCI at low-
volume centers (200 to 400 PCI procedures per year) with

on-site cardiac surgery. Also. it is reasonable that low-volume
operators (<75 PCl/per year) perform electivelurgent PCI at

high-volume centers (>400 PCI procedures per year) with
on—site cardiac surgery. Ideally. operators with an annual pro—
cedure volume of {75 should only work at institutions with

an activity level of >600 procedures per year. and should
develop a defined mentoring relationship with a highly expe—
rienced operator who has an annual procedural volume of
at least 150 procedures per year. Finally, primary PC] for

STEMI should be performed by experienced operators who
perform :75 elective PC] procedures per year and. ideally,
at least 1]. PCI procedures for STEMI per year. Ideally, these
procedures should be performed in institutions that perform
122-400 electivu: PCI per year and 2’36 primary PCI procedures

for STEMI per year. These recommendations for operator
volume may change in the future.”7
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Coronary Stenting
 

AJAY J. KIHTANE and GREGG W. STONE

Stents are metallic scaffolds that are deployed within dis-

eased segments of coronary arteries to establish and main-
tain wide luminal patency. Currently, stem—assisted coronary
intervention is the most common revascularization modality
in patients with coronary artery disease. The acute and late
results of stent implantation, howwer, vary greatly depend—

ing on the clinical risk profile of the patient, the complexity
of the coronary lesion and interventional procedure, and the

specific stent device that is used. A broad range of evidence
is available from clinical trials conducted over the past two

decades to guide appropriate stent usage in most situations.
The present chapter traces the evolution and development of
the coronary stem from its initial applications to treat balloon
angioplasty failures to its widespread global adoption for the
treatment of patients with ischemic coronary heart disease.

BARE-METAL STENT OVERVIEW

Limitations of Balloon Angioplasty
While the performance of the first successful balloon angio-

plasty on September 16, 1977, in Zurich, Switzerland, set the
stage for the millions of percutaneous coronary intervention

(PCI) procedures that have since taken place, stand-alone
balloon angioplasty as performed by Andreas Gruentzig and
other early pioneers was a highly unpredictable experience.
The mechanism of balloon angioplasty involves plaque frac-
ture (dissection) into the deep media, with expansion of the
external elastic, lamina, as well as partial axial plaque redistri-
bution along the length of the treated Vessel. The majority of
vessels undergoing balloon angioplasty tolerate balloon dila-
tation and heal sufficiently to result in an adequate lumen;
however, balloon-mediated injury to the vessel wall can at
times be uncontrolled and excessive, resulting in balloon
angioplastyb two major limitations: abrupt closure (occur—

ring acutely, or within the first sereral days alter angioplasty)

710

and restenosis (occurring later. within months after the pro-
cedure due to a combination of acute recoil and chronic con—

strictive remodeling). The coronary stent was thus devised
as an endoluminal scaffold to create a larger initial lumen, to
seal dissections. and to resist recoil and late vascular remod—

eling, thereby improving upon the early and late results of
balloon angioplasty.

Development of the Coronary Stent
The term “stent” derives from a dental prosthesis developed

by 1he London dentist Charles Stent (1807—1885) and is now
used to indicate any device used for “extending, stretching, or
fixing in an expanded state”.1 The first stents were implanted
in human coronary arteries in 1986 by Ulrich Sigwart,_]acques

Fuel, and colleagues, who plaCecl the Wallstent sheathed
self—expanding metallic mesh scaffold (Medinvent, Laus-
anne, Switzerland) in the peripheral and coronary arteries
of eight patients.2 Further experience with this device dem-

onstrated high rates of thrombotic occlusion and late mor—
tality,3 although patients without thrombosis bad a 64month
angiographic restenosis rate of only 14%, suggesting for the
first time that stenting could improve late patency in addition
to stabilizing the acute results obtained after conventional

balloon angioplasty. Another early stent platform developed
contemporaneously by Cesare Gianturco and Gary Roubin

was a balloon-expandable coil stent consisting of a wrapped
stainless steel wire resembling a clamshell (Figure 31.1. left).

A, phase ii study evaluating the Gianturconltoubin stent to
reverse postangioplasty acute or threatened vessel closure
was started in 1988,‘ ultimately leading to United States Food

and Drug Administration (FDA) approval for this indication
injune 1993.

While these stems were being developed and tested,]u1io
Palmaz designed a balloon—expandable slotted tube stainless
steel stent in which rectangular slots were cut into thin-
walled stainless steel tubing and deformed into diamond:
shaped windows during expansion by an underlying delivery

h—-——‘
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_Left.The Glanturco-Floubin Stent. Stainless steel sutures were wound around a cylindrical rod using

pegs to shape the wire, resulting in a clamshell design. FlightlThe Palmaz—Sohatz Stent. Note the
articulation between the two slotted tubes.

balloon, While this design allowed for relatively straightfor-
ward deployment, the. rigidity of this initial stent design made
it dilficult to deliver this device to the coronary vasculaturei

in 1989 a design modification was made by Richard Schatz.
consisting of the placement of a 1 mm central articulating

bridge connecting the two rigid 7 mm slotted segments,’ cre-
ating the 15 mm Palmaz—Sclistz stent (Johnson andjohnson

lnterventional Systems. Warren, NJ) (Figure 311, right). The
first coronary Palmaz—Schatz stent was placed in a patient by
Eduardo Sousa in sec Paulo. Brazil in 1987 with a US pilot
study started in 1983.

I Balloon angloplastyP = 0.043
50%

42.1%
40%

31.5%
30" a

f" P 0‘06 23.3%
20%

10%

0%

Hestenosts TLFt
6 months 8 months

STRESS Trial
N = 410

MACE
El months

In 1989, enrollment commenced in two randomized

multicenter studies (STRESS and BENESTENT) comparing
balloon angioplasty alone to elective Palmaz—Schatz stem-

ing. In these studies. the use of the Palmaz—Schatz stent
was associated with a 20% to 30% reduction in clinical and

angiographic restenosis compared with conventional balloon
angioplasty (Figure 31.2).‘-7 The Palmaz—Schatz stent also
resulted in markedly improved initial angiographic results,
with a larger postprocedural minimal luminal diameter and
fewer residual dissections, which translated into a lower

rate of sabaoute vessel closure. These results led to approval

El Palmaz-Schalz etent

P = 0.02

P <0-05 29.6%

20.3% 20.1%

 
Hestenosis Repeat BA MACE
6 months 7 months 7 months

BENESTENT—1 Trial
N 2520
 

‘ Results of STRESS and BENESTENT—1 landmark trials of the Palmsz-Schatz stent, which provided the
' evidence base for FDA approval of the Palmaz-Schatz stent for the prevention of restenosis in de novo

lesions. BA, balloon angioplasty;TLR, target lesion revascularization; MACE, major adverse cardiac events.
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of the Falmaz-Schatz stent by the FDA in 1994. Long—term

follow-up up to 15 years has subsequently demonstrated few
late clinical or angiographic recurrences from years 1 to 5
after coronary stent implantationf‘i’ with slight: and progres-
sive decrements in luminal size thereafter extending beyond

10 years.10 The mechanisms of this late progression of dis—
case are not entirely known, but have been hypothesized to
be related to the development of new atherosclerosis within

the originally stented segment rather than clot formation, as
overall stent thrombosis rates have remained low (1.5% at
15 years).'°

Despite the impressive acute and long-term results
with the Palmaz-Schatz stent which became the dominant

stent design for coronary use, widespread adoption of stem
technology was initially hindered by the perceived need for
an intense anticoagulation regimen (consisting of aspirin,
dipyridamole, heparin, dextran, and warfarin) to inhibit stern
thrombosis (which nonetheless occurred in approximately
3% of patients). This profound degree of anticoagulation,
however, resulted in a merited increase in hemorrhagic and
vascular complications. It was not until further refinements
in stem deployment technique and the utilization of dual
antiplatelet therapy demonstrated reductions in these com—
plications that stent usage became more widespread. Pio-
neers such as Antonio Colombo demonstrated reduced rates
of stent thrombosis with more aggressive intravascular ultra—
sound (lVUSl—guided deployment techniques including rou-
tine high-pressure adjunctive dilatation (>14 atmospheres),“
along with the use of aspirin and a second antiplatelet agent
(thienopyridine, ticlopidine) rather than prolonged warfa-
rin therapy. These modifications significantly reduced the

I Aspirin + Coumadln

10%
P = 0.005 F' = 0.01P <0.001

3%

5%

4%

2%

0%
BAR STARS FANTASTiC

Slant thrombosis

 

incidence of stent thrombosis to ~1% to 2%, and concomi-

tantly reduced bleeding and femoral arterial complications.”
The confirmation of Colombo‘s initial findings in several ran~
domized clinical trials (Figure 31.3) definitively established

the superiority of dual antiplatelet therapy (with aspirin and
ticlopidine) over an anticoagulation—hased approach for pre-
vention of stent thrombosis, and facilitated widespread adop—

tion for coronary stenting by the late 1990s.”'“’

Stent Design: Impact on Performance
and Clinical Outcomes

Classification

Coronary stents may be classified based on their composition
(e,g., metallic or polymeric), configuration (cg, slotted tube
versus coiled wire), bioabsorption (either inert (biostable

or durable) or degradable lbioabsorhablel), coatings (either
none, passive such as heparin or polytetrafluoroethylene,
PTFE), or bioactive (such as those eluting rapamycin or

paclitaxel), and mode of implantation (eg, self—expanding
or balloon-expandable). The ideal stent would be made of a
nonthrombogenic material and have sufficient flexibility in
its unexpanded state to permit ready passage through guid—
ing catheters and tortuous vessels, and yet have an expanded
configuration providing uniform scaffolding ol the vessel wall
with low recoil and maximal radial strength while conform-

ing to vessel bends. In addition, the ideal stent would be stifli-
ciently radiopaque to allow fluoroscopic visualization to guide
accurate placement and management of ianEErtt restenosis,
but, not so opaque as to obscure important angiographic vessel

El Aspirin + Tlciopldine

15%
F = 0.01 P = 0.001 F = 0.01 P = 0.02

11.0%

10%

5% 
0%

ISAR STARS FANTASTiC MATTIS

30 day death. myocardial infractionor revasouiarization

.II

__(_______————————-

Benefits of dual antiplatelet therapy in reducing clinical events post stenting. Shown are the results
' from four landmark trials demonstrating the efficacy of antipiatelet lover entithromboticl therapy. 
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details. in recent years, the importance of the stent delivery
system to device profile, flexibility, and trackability around
tortuous and calcific coronary vessels has received increas—
ing appreciation. For balloon-expandable stents, the stent
must be tightly crimped to the delivery balloon to avoid dis-
lodgment. and the overhang of the balloon beyond the ends
of the stent should be minimized (<1 mm) to avoid vessel

traurna outside the stent margins. Stent delivery balloons
must be able to withstand high pressures (>18 atm) with—
out rupture, and should talte into account ‘a. balance between
deliverability versus a desire for low compliance to facilitate
predictable sizing and avoid excessive growth outside the
stent edges.

Stont Composition
Until recently, the most widely used stent material was 3161.

stainless steel. Cobalt chromium and platinum chromium
alloys have been employed in more recent stent designs in
order to allow lowerrprofile thin stent struts (~75 um, ver-
sus 100 to 150 pin in most stainless steel stents) that still

maintain radial strength and visibility. Most self-expanding
stents utilize nitinol, a nickel/titanium alloy that has super—
elastic and thermal shape memory properties that allow it

to be set into a particular expanded shape by baiting at high
temperature. Nitinol stents can then be squeezed down and
constrained on the delivery system, able to return to that set
shape when released in the coronaiy artery.

Other than gold (which has been shown to increase
restenosis), there is little evidence that thrombosis or reste—

nosis rates vary with the specific stent metal, though the final

stages of surface finishing. smoothing, and purification or
passivation may affect early thrombotic and late restenotic

processes.” There is a burgeoning interest in biodegradable
stents, which theoretically offer the advantages of increased
longitudinal flexibility (though at the expense ofradial force).
compatibility with noninvasive imaging, and complete bioab—
sorption over a period of months to a year or longer, thereby
restoring underlying vascular reactivity. Eioabsorbable stents
(or bioabsorbable scaffolds) are typically either polymeric
in nature (e.g., using proprietary biodegradable polymers or
poly~L—lact‘lc acid (PLLA), which is degraded via the Krebs
Cycle to carbon dioxide and water) or nonpolymeric (e.g..
magnesiumwbased).

Stent Configuration and Design

Stents can be assigned to one of three subgroups, based on
construction: wire coils, slotted tubes/multicellular, and

modular designs. After early experiences with wire coil

stents (eg, the Gianturco-Roubin stent), these types of stent
designs rapidly fell out of favor because they in general lacked

axial and radial strength, and due to lesser strut coverage pre-
disposed to plaque prolapse. Thus, the vast majority of stents
in current use are either slotted tube/multicellular or modur

far in design. In an effort to preserve the radial strength and
wall coverage of the original tubular designs (eg. the Palmaz

stentl but improve flexibility in their collapsed states, several
generations of slotted tube and multicellular stents have been
introduced by various manufacturers. Each is laser cut from
a metallic tube into a unique pattern that increases the over-
all flexibility of the stent by distributing bending through—
out tl‘il: slent length without compromising radial strength
or elastic recoil in the expanded state. The newer stents
are manufactured in a broad range of stent lengths (B to 48
mm} and diameters (2.25 to 6.0 min and above for periph-
eral applications) to facilitate stenting of long lesions, small
vessels. saphenous vein grafts (SVGs). and distal lesions. To
eliminate the need for a protective sheath, various mechani-
cal, balloon—wrapping, and heat-curing processes have been
developed to tightly crimp the stent onto the balloon until
it is deployed. This hare mounting onto the delivery balloon

has greatly reduced stent delivery profiles, comparable with
the best angioplasty balloons of the late 19905, and has kept
stent embolization rates below approximately 1 to 3 per 1,000
procedures.

Despite their enhanced flexibility, even the latest-
generation slotted tube stents are sometimes difficult to
deliver through tortuous and noncompliant vessels. in an
effort to enhance flexibility and deliverability without sac—
rificing the excellent scaffolding of the slotted tube stents,
modular or hybrid stents have been created by flexibly join-
ing multiple short repeating modules to each other. The
initial modular stcnt was the Arterial Vascular Engineering
MicroStent (subsequently purchased by Medtronic Corp,
Santa Rosa, CA), which had a series of 4-mm-long, rounded
stainless steel corrugated ring subunits welded to each other.
Subsequent designs have incorporated an elliptorectangu-
lat (rounded) strut profile and progressively reduced the
length of Lhe individual modules, with progressive reduc~
tions in crossing profile and increased surface area coverage.
Additionally, variation in the location and frequency of the

weld-points has been used to engineer flexibility without
attempting to sacrifice radial and axial strength.

Depending on the cellular configuration, mtilticellu-

lar stents can be broadly subclassifiecl as either open cell or
closed cell. Open cell designs tend to have varying cell sizes

and shapes along the stent. and provide increased flexibility,
deliverability, and side branch access by staggering the cross

linking elements to provide radial strength. Open cell designs
thus tend to conform better on bends, though the cell area
may open excessively on the outer curve of an angulatecl seg-
ment. Closed cell designs typically incorporate a repeating
unicellular element that provides more uniform wall cover—
age with less tendency for plaque prolapse, at the expense
of reduced flexibility and side branch access. Closed cell
designs also tend to straighten vessel bends more than open
cell designs.

Stent design may significantly impact acute and late vas~
cular responses. Stems that possess better confortnability, less

rigidity, and greater circularity experimentally produce less
vascular injury. thrombosis, and neointimal hyperplasia.“”

Exrvivo and clinical studies have suggested that thin stent
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struts may be associated with reduced neointimal hyperplasia
and lower rates of restenosis,10 in addition to inherently less

thrombogenicity,“
Due to the recent emphasis upon thin«strutted and more

flexible stern designs in order to facilitate deliverability as
well as other adverse vascular responses to stent implanta—

tion, there have been some concerns regarding the integrity
of modern stent platforms. While thin-strutted stents have
obvious advantages, some of these stent platforms have
been associated with a greater tendency for recoil (radial)
or orthogonally, for axial (or “longitudinal") deformation
and/or compression}ml In the instance of axially oriented
deformation, this phenomenon has been described to occur
specifically when implanted stents are subjected to repeated
stresses. such as multiple balloon exchanges and guide-stem
interactions.2+ Engineering modifications can be employed

to maintain flexibility and deliverability without sacrificing
axial and radial strength, As such, further investigations of
stem-specific differences based upon these characteristics are
required.

Stent Coatings

A variety of coatings have been used to attempt to reduce the
thrombogenicity and/or propensity for restenosis of metal-
lic stents (Table 31.1). Experimental studies have demon-
strated that coating stents with inert polymers may reduce

surface reactivity and thrombosis.”-“ though until recently_
most polymers used were found to provoke intense inflam-
matory reactions.“ With the advent of the drug—eluting stents
(DES) came a renewed interest in the study of stent coatings,

primarily to act as drug-carrier vehicles. However, concerns

-j. Stent Coatings Designed to ReduceThrornbogi'snicltyi
Hopann 

~ Multiple formulations incorporating heparin bondingt
complexes [Clrmoda BioActive Surface lCBASi covalent

—____—._—_———_

hrough covalent bonding, ionic bohds. or heparin
ly heparin-bonded Palmaz—Schetz and Ex Velocity stents,

  

Jomed Corline Heparin Surface (CH5) heparin—coated Jostent] 

FCarbon

.—_—--—-————‘————_——""
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regarding the long-term safety of DES and the requirement
for extended duration dual antiplatelet therapy have led to

a renewed interest in biocompatible stent coatings. A num-
ber of novel stent coatings are currently under investigation,
Additionally, covered stents (metallic stents covered by a dis-

tensible rnicroporoth FIFE membrane) are of unquestioned
clinical utility in treating liferthreatening perforations (see

Chapter 4). They are also used for excluding giant aneua
rystns, pseudoaneurysms, or clinically significant fistulae.

Balloon-Expandable Versus
Self-Expanding Stents
Balloon—expandable stents are mounted onto a delivery bal—
loon and delivered into the coronary artery in their collapsed
state. Once the stent is in. the desired location, inflation of

the delivery balloon expands the stent and embeds it into
the arterial wall, following which the stent delivery system
is removed Balloon-expandable stents are typically chosen
to be 1 to 1.1 times the reference arterial diameter, with a

length several millimeters longer than the lesion. Almost
all stents implanted in human coronary arteries are balloon
expandable.

Selfaexpanding stents incorporate either specific geomet—
ric designs or nitinol shape-retaining metal to achieve a preset
diameter. The stent is mounted onto the delivery system in its
collapsed state and constrained by a restraining membrane or
sheath. Retraction of the membrane allows the stent to reas-

sume its unconstrained (expanded) geometry. Self—expanding

stems are typically selected to have an unconstrained diame-
ter 0.5 to 1.0 mm greater than the adjacent reference segment
to ensure contact with the vessel wall and adequate expansile

force to resist vessel recoil. Still, final optimization of stent
expansion usually requires additional dilatation within the

stent using a high‘pressure, noncompliant angioplasty bal-
loon. While self—expanding stems are flexible and often easier

to deliver compared to their balloon-expandable counter-
parts, restenosis has remained a concern, limiting their use in

coronary arteries.” Moreover. difficulties relating to accurate
Sizing and precise placement of self—expanding stents necessi—
tate a longer operator learning curve and render these devices

unsuitable for treating ostial lesions or stenoses adjacent to
side branches. Recently, a renewed interest in self—expanding

stents with reduced outward expansion force for treatment of
patients with acute coronary syndromes or vulnerable plaque
has surfaced.27

Comparisons Between Bare—Metal
Stonts

Following early demonstrations of superiority of the origi—
nally introduced bare-metal stents (EMS) over balloon
angiOPlasty, a series of stent versus stent trials ensued.
either initiated by the industry for regulatory purposes or

by independent investigators to assess stent performance in

tnore complex patients and lesions. The present applicabil-
ity of these early trials is limited, as virtually all of the stems
studied in these trials are no longer in clinical use. Once
receiving FDA approval, newer, more advanced stent designs

typically replaced earlier-generation stents in the market-
place because ol enhanced deliverability and/or radiopacity,
rather than because of any perception of improved acute or

late outcomes. Several investigator—initiated studies did nev»
ertheless demonstrate the superiority of thinner—strutted

stent platforms over thicker-strut stents, not just in terms of
deliverability, but also with respect to restenosi.s.3'°*m How—

ever, particularly following the introduction of DES. the anti—
restenotic effects of which in general dwarf design-specific
differences in EMS (see below), the majority of studies with

present tiMS platforms have been either comparative DES
versus BMS studies or nonrandomized approval registries of
iterative BMS technologies.

lNDICATIONS FOR CORONARY

STENTiNG 
Stents may be used either on a routine (planned) basis or
after failed balloon angioplasty for acute or threatened ves—

sel closure ("bailaout” startling). One of the major benefits oi"
stenting is the ability to reverse abrupt closure due to dissec-
tion and recoil. thus eliminating the need for high—risk emct'v

gency bypass surgery.“ These data, coupled with the fact that
routine stent implantation compared to balloon angiorilasty

provides superior acute results and greater event-free survival
in almost every patient and lesion subtype studied to date

has for the most part relegated balloon dilation to the rare
lesion that is too small (<10 mm) for stenting, or to which a
stent cannot be delivered because of excessive vessel tortuos-

ity or calcification, or in patients in whom thienopy‘ridines
are contraindicated.

The utility of routine stent implantation as a modality to
reduce acute vessel closure and late restenosis was first dem-

onstrated in the STRESS and BENESTENT—l trials, which

enrolled patients undergoing PCI of discrete, focal lesions.“
As a result, the types of lesions treated in these trials (discrete
de novo lesions coverable by one stent, with reference vessel
diameter [RVD] 3.0 to 4.0 mm) became known as “Stress/
Benestent” lesions, to differentiate them from more com-

plex stenoses. Despite initial concerns regarding potentially
diminished efficacy of coronary stents (which were more

costly than balloon angioplasty alone) with more generalr
ized use of these devices,” abundant randomized and non-
randomized data now exist comparing stenting to balloon

angioplasty across a range of patient and lesion subsets, and
they almost universally demonstrate an advantage to coro—

nary stenting over cenventional balloon angioplasty or other
approaches using procedures such as atherectomyn'” As a
result, stems are used in the vast majority of PCI procedures
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performed today. and balloon angioplasty alone is reserved
for cases where stems cannot be delivered, where stents are

too big for the target lesion, or for rare. niche indications (eg.
ostial side branch disease at a bifurcation, some cases of in—

stent restenosis. or cases where patients cannot tolerate the
antiplatelet regimens required after stent implantation).

DRUG-ELUTING STENT OVERVIEW 
Limitations of Bare-Metal Stents

Stent implantation has been the prevailing treatment for most

patients with coronary artery disease since the late 19905
as a result of the more predictable acute and late angio—

graphic results of stcnting compared with conventional hal—
loon angioplasty and other adjunctive technologies such
as atherectomy, With improvements in stent deliverability
and reductions in stent thrombosis through modifications
of technique and adjunctive pharmacotherapy, the primary
limitation of EMS as the default adjunctive therapy to balloon
angioplasty for patients undergoing coronary rcvasculariza-
tion by PCl was in—stcnt restenosis. While coronary stents
increase acute luminal diameters to a greater extent than bai-

loon angioplasty (leading to greater acute luminal gain), the
vascular injury caused by stent implantation elicits an exag—
gerated degree of neointlmal hyperplasia, resulting in greater
decreases in lulninal diameter (late lumen loss} compared to
balloon angioplasty alone.” While these two factors can off-
set each other, the mean incremental gain in luminal dimena
sions with stenting compared with balloon angioplasty alone
is greater than the mean incremental increase in late loss.
resulting in a larger net gain in minimal luminal dimensions
over the follow-up period. This observation was formulated
as the “bigger is better" concept by Kuntz and colleagues.
who demonstrated an association between better acute

results following stent placement with a lower rate ofsubsea
quent restenosis—a finding that was replicated independent
of the stent device selected."'-” Nonetheless. despite attempts
to maximize acute gain through an upfront "bigger is better“

stent optimization strategy. rates of clinical restenosis follow-
ing EMS implantation approached 20% to 40% within 6 to
12 months. with even higher rates observed among the high.

est—risk patient and lesion subsets. As such, coronary resteno—
sis became known as the “Achilles heel" of coronary stenting,

with significant resources devoted to the study of its preven-
tion and treatment.

DES, which maintain the mechanical advantages of EMS
While delivering an antirestenotlc pharmacologic therapy

locally to the arterial wall. have been shown to effectively and
safely reduce the amount of in—stent tissue that accumulates
after stem implantation resulting in significantly reduced
rates of clinical and angiographic restenosis. In numerous
randomized, trialsI the reduction in neointlmal hyperplasia
that occurs with DES compared to that with EMS has been

shown to result in a marked reduction in binary angiographic
restenosis and target lesion revascularizalion KLEIN“
The initial results of the pivotal randomized trials that led
to device approval have been replicated and validated in

numerous subsequent trials and real-world registries across
the spectrum of disease and lesion subtypes.3am As a result,
DES are currently implanted in the majority of the >2 million
patients undergoing PCl each year.

Components of Drug-Eluting Stents
The three critical components of a DES that must be optiw

mized to ensure its safety and efficacy are (1) the Stem itself
(including its delivery system); (2) the pharmacologic agent
being delivered; and (3) the drug carrier; which controls the
drug dose and pharmacokinetic release rate (Figure 31.4).

Stent Design
The stem component of DES has typically consisted of a

predicate EMS without specific modifications. indeed, first—
generation DES designs often appropriated “off—the shelf“

stent designs in order to expedite device development and
regulatory approval. Subsequent DES have incorporated

newer, more flexible designs, with resultant improvements
in device delivery and performant:e."‘-“z Ideally, stent geom—
etry should be optimized for homogeneous drug distribution

(which involves considerations of closed versus open cell
designs, interstrut distances, etc). Consistent circumferential
stent~touvessel wall contact should he ensured to ensure drug
delivery As a result, the stent should be conformable to angu—
lated segments, while at the same time minimize geometric
distortion. The stent should also have sufficient radiopacity

to facilitate precise lesion coverage (while avoiding excessive
stent overlap or interstent gaps]. Side branch access should
he maintained. and the stent should be low profile, flexible,

and deliverable to reach and treat complex anatomies. Addi-
tionally, newer dedicated DES designs have included modifi—

cations aimed at either optimizing local drug delivery while
reducing total drug dose (eg. ablurru'nal wells engineered
into the stent struts). or modifying the stent surface to facili—
tate direct drug delivery andlor arterial healing following
implantation (without a drug carrier vehicle per se).

Steni Platform
and delivery system

1

Drug carrier
(tag. polymer,

_ surface
modification)

Pharmacologlc
agent ‘

Components of drug-eluti rig stents. 
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Pharmacology

Following promising cell culture and in vitro development.
the antirestenotic properties of a wide range of pharmacor

logic agents have been tested in humans (Figure 31.5). The
two most clinically effective classes of agents have been the
“rapamycin—analogue“ (or “—1irnus") family of drugs and parli—
taxel. The principal mechanism of action of rapamycin (also

known as sirolimus). and its analogues (including zotam—
limus, everolirnus. biolimus A9. novolimus. and amphili-
mus) is inhibition of the mammalian target of rapamycin

{mTOR}, which prevents cell cycle progression from the G1
to S phase.” Two other rapamycin analogues that have been
used on DES platformSL—tacroliinus and pimecrolimus—
have a different mechanism of action. binding directly“ to

FK—binding protein (FKBPl-506 and thereby inhibiting the
calcineurin receptor with downregulation of cytoltines and
inhibition of smooth muscle cell activity“; unlike the mTOR
inhibitors. these agents have not been demonstrated to be
beneficial. The other agent that has been used effectively in
coronary DES (and more widely now in drug—eluting balloons
and in peripheral DES applications) is paclitaitel. By interfer—
ing with mlcrotubule function. paclitaxel has multifunctional
antiproliferative and anttinl‘lammatory properties. prevents
smooth muscle migration. blocks cytoltine and growth fac-
tor release and activity. interferes with secretory processes, is
antiangiogenic. and impacts signal transduction.”'” At low
doses (similar to those in DES). paclitaxel affects the (30—61
and (31—5 phases ((31 arrest) resulting in cytostasis without
cell death.""'3
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Polymers and Drug Delivery Systems
Early DES programs were plagued by the inability to predict-
ably deliver a specific dose of active drug over the right time
frame to the arterial wall.” in order to more effectively regu-
late the dosing of antirestenotit: agents, a drug carrier vehicle
became necessary In many respects. formulating and optimiz—

ing the drug carrier vehicle have proven even more complex
than identification of the drug itself. Properties that must be
considered for a controlled release vehicle include its biocom-

patibility. solubility, diffusivity and porosity, molecular size.
weight and distribution. elongation, functional requirements.
degradation products, durability. relative hydrophobicity.
purity. availability, adhesion. crystallinity, sterilization. sol—
vent solubility. biostability. miscibility, liioabsorbable versus
permanent nature, evaporation rate, thermal properties. resis-
tance to humidity and temperature extremes. compatibility

with. specific drugs, approval for implant use. processability
(which relates to shelf life). and packaging requirements.

Numerous polymer—based drug delivery systems have
since been developed, and are DES-specific {discussed below),
While the polymer is instrumental in regulating the pharma—
cokinetics of drug delivery to the arterial wall (which is necw
essary for reduced neointimal hyperplasia], the polymer may
also elicit deleterious vascular responses. Specifically, histo—

pathologic studies have demonstrated hypersensitivity and
eosinophilic inflammatory reactions and delayed endothelial—
ization with first-generation DES that were not previously seen
with BMS.5°'“ Whether these vascular responses in humans

are directly related to the polymer or to toxicity from the drug
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itself is not well known, but in animal models these effects

can be attenuated by modification of the polymer vehicle.” it
is believed that inflammation and delayed endothelialization

play a role in the development of late stent malapposition,
aneurysm formation, stent thrombosis and restenosis.5°-’*-”
For these reasons, there has been great interest in developing

inert and biocompatible polymers, bioabsorbable/biodegrad-
able polymers, and even polymeral‘ree DES.

Generations of Drug-Eluting Stents
DES are often classified into several generations of develop—

ment (Table 31.2). First-generation devices include the two

DES that were initially approved for clinical use by most regu—

latory bodies. each of which utilized an early (currently out-
dated) EMS stent platform with early durable polymers (not
specifically designed for biocoinpatibility) in order to deliver
either sirolimus or paclitaxel. Second—generation devices

 

(currently used in the vast majority of DES procedures) have
incorporated more deliverable, thinner-strut stents with poly—
mers that have been designed for biologic compatibility. Most
second~generation DES utilize alimus (rapamycin) analogues.
Future-generation DES will continue to undergo iteration,
with further modifications of the base stent and use of biode-

gradable/bioabsorbable or polymer-(rec drug—carrier vehicles. ‘l

FIRST GENERATION DRUG—ELUTING
STENTS 

The CypherTM Sirolimus-Eluting Stent
The first DES to attain approval for human use was the

CypherTM stent (Cordis,johnson andjohnson), with initial
firstdin-human studies as well as subsequent clinical trials
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leading to its approval in Europe in 2002. and in the United
States in 2003. Production of this stent was recently halted,

but some description of the technology and initial Studies
that led to device approval is of historical interest.1 as the
introduction of this stem ushered in the DES era of inter-

ventional cardiology Sirolintus (rapamycin) is a highly lipo-

philic. naturally occurring macrocyclic lactone‘ which was
first isolated from Streptomyces ltygi’oscopicus found in a soil

sample from Easter island (also known as Raps. Nui) and was
initially developed as an antifungal agent. Shortly thereafter,
it became apparent that this agent also was a potent itnmuno—

suppressive, and was initially approved by the FDA (as Rapar
inurte) for prevention of renal transplant rejection in 1999.

The primary mechanism of action of inhibition of neointimal
hyperplasia in sirolimus is thought to be related to its ability
to bind to FKBP—ll in cells; the sirolimus—FKBP—ll complex
then binds to and inhibits activation of mTOR, preventing

progression in the cell cycle from the late G1 to S phase.“
Sirolirnus has been demonstrated to have a marked effect on

suppression of neointimal hyperplasia with low toxicity fol-
lowing Sirolimus-cluting stcnt (SE5) implantation in initial
small and large animal studies.56'"

The stent platform for the CypherTM SE5 was the Ex
Velocitym stem, at thiclt—strutted slotted tube with a closed
cell design constructed from 316L stainless steel. The stem
was coated with biostabic (noncrodible) polymers consisting

of poly-n—butyl methacrylate and polyethylene—vinyl acetate
that” are loaded with 140 pg/cm‘ sirolimus. Tire SloW-rclcase
(SR) formulation of the Cypher-TM SE5 employed in clinical

 
stonted segment.

practice used a hasecoat of blended polymers loaded with
Sirolinius as well as a topcoat of polymer alone (without siro-
limus) that acted as a diffusion barrier. controlling the rate of

drug release from the basecoat into the vessel wall. Approxi-
mately 80% of the sirolimus loaded on the stent was released
within the first month after stent implantation.

in 1999, human experience with the CypherTM 5155
was initiated at the Institute Dante Pazzanese of Cardiology
in Sao Paulo Brazil, and the Thoraxcenter, Rotterdam, The
Netherlands, with the first—in—rnan (FlM) study in 45 patients

with symptomatic de novo native coronary lesions {18 min
in length with RVD 3.0 to 35 mm, In this study, SE5 dem‘
onstraied marked suppression of neointimal hyperplasia
measured by IVUS and quantitative coronary angiography at
4 months, and 1, 2.1 and 4- years.“ Serial angiography and
‘iVUS have now been performed at 7 years, showing Contin-
ued vessel patency without further late loss (Figure 31.6).
These data led to the conduct of the larger RAVEL trial, in

which 238 patients outside the United States with relatively
simple dc novo coronary lesions were randomized to either
the CypherTM SE5 or the uncoated Bx Velocity stent.m The
SE5 essentially eliminated late loss compared with EMS
(mean of -D,O] min versus [LEO mm, P sf. 0.001), with a cor—

responding reduCtion in the rate of angiographie restenosis
(0% versus 26%, P -:: 0001).

On the basis of these data, the larger pivotal SIRIUS
trial was condttctcd in the United States.”J SIRIUS was a

iOfiB-patient randomized trial comparing the CypherTM 5E5
to the uncoatcd Bx Velocity in patients with vessel diameters

 
Seven-yearfollow-up of one of the initial sirolimus—eluting stent implantations from Institute Dante
Pazzanasa of Cardiology in 8510 Paulo, Brazil, demonstrating sustained potency of the initially
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of 2.5 to 3.5 mm and lesion lengths of 15 to 30 mm. The

primary endpoint. the rate of target vessel failure {IVE a

composite of cardiac death. myocardial infarction [M1]. or
targetvessel revascularization [TVRD at 9 months. was mark—
edly lower among SEES—treated patients (8.6% versus 21.0%.
P < 0.001.) (Figure 31.7). Additionally, SE5 resulted in a 60%
to 80% relative reduction in composite adverse events in all

examined subgroups in the trial. Among the 7'03 patients
in whom 8-month routine angiographic follow-up was per—
formed. mean in-stent late loss was markedly lower with SE5

(0.17“ mm versus [.00 mm. P <2 0.001). By IVUS. the in—stent

percent volumetric obstruction at 8 months was reduced
from 33.4% with the Ex Velocity to 3.1% with the SES

(P a: 0.001), although late stent malapposition was present

in 9.7% of CypherTM SE5 patients versus 0% of Ex Velocity
patients (P = 002).

On the basis of these results, in April 2003 the CypherTM

SE5 became the first DES approved by the FDA, and this stent
became one of the most studied devices in modern history.
With a multitude of randomized trials and observational stud-

ies assessing its efficacy and safety. in their aggregate. these data
demonstrate extremely low levels ofin-stent late loss with SE5
(averaging ~0.15 mm across studies), with an approximate
70% to 30% reduction in angiographic restertosis and clini—
cal revascttlarizal‘iort of the target lesion (TLR) compared to

EMS. Longer—term follow-up with this device extending to 5
years and beyond has confirmed these findings. In these analr
yses. treatment with 535 has resulted in sustained reductions
in clinical restenosis endpoints with. similar rates of death,

 

EMS (n = 525) SE8 (n = sea)

25% In most p 4.0.001 p «1.001

53 21. 0%
E 20% 18.9%
g 15.5%b

g; 15%e
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m Primary results of the SIRIUS trial, the
pivotal approval trial of the sirolimus-
eluting stent. demonstrating superior-
ity of the sirolimus—eluting stent in
reducing rostenosis- related endpoints.
SE3. sirolimus—eluting stent; EMS
bare-metal stent; MACE, major adverse
cardiac events;TVF, target vessel
failuragTLFl, target lesion revaseularizan
tion: lVll, myocardial infarction.

 

Mi, and stent thrombosis compared with EMS.“ in part due

to the availability of newer stent platforms and designs. the
manufacturer of this stent recently announced that the device

would no longer be manufactured and sold, ending the stent‘s
tenure as the oldest DES in current clinical use.

The TaxusW' Paclitaxel-Eluting Stent

The other first—generation DES that came to market soon
after approval of SES was the TAXUSTM paclitaxel—eluting
stent (PES). Paclitaxel. a highly lipophilic diterpenoid com—

pound. was first isolated in 1063 from the pacific yew tree
(Texas brevrfolius) and developed for its potent antineoplastic
properties. its principal action is to interfere with microm-

bule dynamics, preventing their depolymerization. This leads
to widespread dose—dependent tnulticellular activity of the
drug. including antiproliferative and antiinflammatory prop-
erties. reduced smooth muscle migration, blocking of cyto—

kine and growth factor release and activity, interference with
secretory processes. antiangiogenic effects, and impaired sig—
nal transduction.”'*T At low doses (similar to those in DES

applications). paclitaxel affects the (30-61 and (31—5 phases
(6] arrest} resulting in cytostasls without cell death (prob-

ably via induction of p53xp21 tumor suppression genes).“’-“
Systemic paclitaxel was shown to inhibit restenosis in a rat
carotid injury model at levels more than 100—fold lower than
that required for tumor cytotoxicity.“ Neoint‘imal area was
greatly reduced in a rabbit balloon—injury experiment using
local paclitaxel administration,“ and stent—based paCliiaXEl
elution from polymer—based systems has been shown to pro—

foundly reduce intimal hyperplasia in rabbit iliac arteries [or

up to 6 months with dose-dependent efficaCy and Loxicity‘ll'“
The TAXUSTM PES (Boston ScientifiC. Natick. MA) con-

sists of paclitaxel contained within a polyolefin derivative

hiostable polymer (styrene-isobutylenestyrene. referred to as
51135 th‘aItsluteTM)), originally coated on the Mir stent and

subsequently on the Express open—cell slotted tube stainless
steel stent platform (PES(E). the device from which most of
the randomized clinical trial data for this stent was derived)-

The base EMS has further evolved from the Express stent to
the newer Liberté stent (PESfL). a more flexible. thinner-

strutted open—cell stainless steel slotted tube stent. and finally
to a platinum—chromium Element stent. Depending on the
relative ratio of paclitaxel to polymer. the stent may be for-
mulated with varying release kinetics. The clinically avail-
able formulation of the TAXUSTM PE'S is the SR formulation,

although the moderate—release (MR) formulation has also
been tested in moderate-sized clinical trials. The SR stent has

relatively more polymer to drug (paclitaxcl concentration of
]. uglmm‘), with a coat thickness 18 pm, and approximately
8% in vivo paclitaxel elution in 30 days. The drug is eluted
in a rapid burst phase over the initial 43 hours. followed by
a slow, sustained release for the next 10 to 30 days. with the

remainder sequestered in the bulk of the polymer matrix
below the surface without pathways to the external environ-

ment (thus permanently retained on the stent).
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The TAXUS clinical program evaluated the clinical
safety and efficacy of the TAXUSTM PES in several clini-

cal trials.“"°7 TAXUS l and It evaluated the performance
of the PES on the Nir stent platform in focal de novo dis-
ease. whereas ‘I'AXUS 1V. V. and VI investigated the PEStE}
stem in more complex lesions. All studies have used the SR
formulation, except for one artn of the TAXUS II trial and

TAXUS 'Vl. Collectively, these trials demonstrate a marked
decrease of binary restenosis with PBS compared to EMS,
with an approximate 60% to 75% reduction in the need for

TLR. an effect that has been consistent across a range of
patient and lesion subtypes. The study that ultimately led to
devicr. approval in the United States in 2004 was the TAXUS
IV trial." which enrolled 1.314 patients with single de novo
lesions with visually estimated lengths of 10 to 28 mm in
native coronary arteries with an RVD of 2.5 to 3.75 mm.

Patients were assigned to either a PESCE) stem or Express
EMS control. The primary endpoint of TVR assessed at
9 months was reduced with the PEStE) from 12.0% to

4.7% (P < 0.001) (Figure 31.8). Follow-up angiography at
9 months demonstrated marked reductions in mean in-

stem late loss [0.39 versus 0.92 mm. P C 0.001). and the
rate of binary in—segmertt restertosis (7.9% versus 26.6%,

P <3 0.001). By NUS. the in—stent percent volumetric
obstruction at 8 months was reduced from 29.4% with

the EMS to 12.2% with PESCE) (P '51 0.001). and late stent

malapposition at 9 months was present in 1.1% of PESCE)
patients versus 2.2% of EMS patients (1" = 0.62).

The 13115015) has been studied in numerous random-

ized trtals and observational analyses, across a range of

l EMS in = 652) El PES (n = 662)

  

25%

20% p 41.001 p 40.001 p <0.001 p = use

15% 153% 14.4%
11.3%

5.0% 3.7% 3.5%

_ cll
MACE TVF TLFI Ml

9—monthadverseevents(‘56) E;a?

Primary results of thoTAXUS-IV
trial, the pivotal approval trial of tho
paclitaon-eluting stent, demonstrat-
ing superiority oftha paclitaxol-aluting
stent in reducing restenosisrelated
endpoints. PIES, paclitaxel-eluting stent;
BMS. bare—metal stunt; MACE, major
adverse cardiac ovents:TVF. ta rgot vas-
sel failu re;TLF1. ta rgot lesion revascu-
larization: Ml, myocardial infarction.

patient indications and lesion subsets. These studies have
demonstrated consistent reductions in measures of neointi-

mal hypct-plasia and resultant reductions in clinical resteno-
sis endpoints compared with EMS, l._onger~terrn follow-up

with this device has extended to 5 years and beyond, con—
firming the sustained efficacy of this stertt.‘i5 In these analy-
ses, treatment with PBS has resulted in sustained reductions

in clinical restenosis endpoints, with similar rates of death.

M1, and stent thrombosis with PES and EMS. Additionally.
a series of comparisons between the first twu approved
devices (SES and PES) was reported in order to determine
Whether superiority could be established for a particular
DES. In summary, the totality of evidence appears to indi—
cate similar performance of SES and PES in routine de novo
coronary artery lesions. despite a lower amount of neointi—

mal hyperplasia with 5155 as assessed by lVUS and angiog-
raphy."5'” Given the greater degree of late loss suppression

with the SES, it was hypothesized that in the highest reste-
notic rislt patients and lesions. this stent would hold an
advantage over PES. Without a large-scale adequately pow—
cred randomized trial, however, these potential benefits
remain unproven.

The commercially available PES has undergone sev-
eral iterations, but is still generally considered a "first-

generation“ DES due to its use of an original polymer to
elute paclitaxel. The PEStL} Stent (using the saint: drug and

polymer formulation as the PES(E). but with an improved
stcnt platform} was approved for clinical use based upon
the TAXUS ATLAS program, in which nonrandontized data

from several PES(1—) single-arm studies were compared
to the treatment arms from prior TAXUS trials with the

FEStE).”— More recently, the PESCL) has been replaeed by
the 'Ifz'itXUSTM Element stent (again. using the same drug and
polymer formulation as the original TAXUSTM Express SR.

but with an iterated stent platform using a platinum chro—
mium alloy). The TAXUSTM Element stent (or ION stem)
is the current commercially available version of PES in the
United States. Approval of this stent required completion
of the PERSEUS trial. which evaluated 1,262 patients with
de novo “workhorse" atherosclerotic coronary lesions allo—
cated in a 3:1 randomization to TAXUSTM Element versus
PESCE).” The TAXUSTM Element was demonstrated to be

noninferior to PEStE) with respect to the primary endpoint
of 12—month target lesion failure (TLF: 5.6% versus 6.1%,

respectively) as well as the secondary endpoint of percent-
age diameter stcnosis at 9—month angiographic followwup
(3.1% versus 3.1%. respectively). No differences in clini-
cal outcomes were observed between the two randomized

groups in this trial. The TAXUSW Element stent has addi-

tionally been evaluated in smaller vessels in a prospec-
tive, single—arm trial comparing 224 patients treated with
this stem with 125 lesion—matched historical Express EMS

control subjects from the TAXUS V trial.“ in this analysis.
the TAXUSTM Element was superior to the Express BMS
with respect to late lumen loss (0.38 nun versus 0.80 mm.
P < 0.001). and 'I'Ll: (7.3% versus 19.5%, P < 0.001).
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SEC'Jl‘leGEf-l'fiRATION DRUG-
ELUTING STE NTS 

Despite the demonstrated efficacy of first—generation SES and
PBS as observed in the initial and subsequent randomized

trials of these devices, late reactions to first-generation DES

polymers as well as delayed endothelialization and adverse
vessel responses were described.”-l5 potentially resulting
in the most devastating complication of stent placement.

namely late stent thrombosis. in order to mitigate some of the
abnormal vessel responses associated with first-generation
DES, several new devices have been introduced, with specific
modifications implemented upon first-generation technology.
These so—called second-generation DES (currently used in the

majority of PCI) have incorporated more deliverable, thinner-
strut stents with polymers that have been specifically designed
for biologic compatibility. Discussed below are clinical data

relating to the most-studied second-generation devices,
namely. everolimus-eluting stems (EES; Xience WPromus
and everolimus—eluting platinum chromium stent (Promus
Element))'. zotarolimus-eluting stents (2E5; Endeavor and

Resolute); and biolimus Agaeluting stents (BEE; Biomatrix).

Everolimus-Eluting Ste-tits

(Xience VTM/Promusm)
in the EES (manufactured by Abbott Vascular (Santa Clara,
CA) and distributed as the Xience V and now Xience PRIME

stents, anti also originally distributed by Boston Scientific as
the Promus stent), everolimus (100 ug/cm‘) is released from

a thin (7.8 pm), nonadhesive. durable. hiocompatible, fluoror
copolymer consisting of vinylidenc fluoride and hexafluoro-
propylene monomers, coated onto a low-profile (81 um strut
thickness), flexible, cobalt chromium stent. (The original

Xience V base stent platform has been updated in the Xience
PRIME stem to the Multi-Iinh 8 EMS platform, a more deliv-
erable version of the Vision platform). The release kinetics
of EES are similar to that seen with sirolimus from the 5135

("“8095 of the drug released at 30 days, with none detectable
after 120 days). The polymer is elastomeric, and experiences
minimal bonding, webbing. or tearing upon expansion. Fluo-

ropolymers have additionally been shown to resist platelet
and thrombus deposition in blood—contact applicatiori.s.“-l'5-77
The EES polymer has also been demonstrated to be nonin—
flammatory in porcine experiments. Preclinical studies have
demonstrated more rapid coverage of the stent struts with
functional endothclialization with EES compared to BEE,
PBS. or 2.155.“

In the small SPIRIT First trial, the EES was shown to

markedly reduce the extent of angiographic late loss at
(5 and 12 months compared to the otherwise identical cobalt
chromium Vision EMS.” Subsequently, the EES has been

studied in multiple randomized trials comparing this device

to PBS (the predominant comparator), SE5. 2E5, and EMS

(Table 31.311179” The large SPIRIT 1V trial,"2 enrolling

3,687 patients with stable coronary artery disease undergo—
ing PCI of up to three lesions in three vessels, was a pivotal
FDA approval study of the BBB, randomizing patients to BEE
versus 'PESCE). While this study had broader inclusion crite-

ria than first-generation DES approval studies, patients with
unstable acute coronary syndromes, M1, thrombus, chronic
occlusions, vein graft lesions, and true bifurcation lesions
were excluded, The primary endpoint of TLF (a composite
of cardiac death, targebvessel M1, or ischemia—driven TLR)
was significantly lower at 1. year with EES compared to PIES
(3.9% versus 6.6%, P = 0.0008). Rates of stent thrombo—
sis (0.3% versus 1.1%, P = 0.003), M] (1.9% versus 3.1%,
P r- 0.02), and TLR (2.3% versus 4.5%, I" = 0.0008) were

also lower with EES compared to PBS. Longer—term follow-up

of SPIRIT 1V to 3 years“ has demonstrated sustained reduc-
tions in TLF, MI, and stent thrombosis with 0E5 over PES
(0.3% versus 1.9%), but narrowing of the initially observed
difference in TLR with each stent (6.2% versus 7.3%.

P = 0.06). However, both all-cause mortality (3.2% versus

5.1%,1J = 0.02) and death oer (5.9% versus 9.1%, P = 0.001)
were reduced with EES compared to PBS. These data from

SPIRIT 1V parallel results from the unrestricted “albcomer”
COMPARE trial, in which 1,800 patients were randomized to
EES versus PES(L). The primary endpoint of MACE at 1 year
(death, M1, or TVR) was lower with EES compared to FES
(6.2% versus 9.1%, P = 0.02), driven by reductions in stent
thrombosis (0.7% versus 2.6%. P = 0.002). MI (2.8% versus

5.4%, P = 0.007), and TLR (1.7% versus 4.8%, P = 0.0002).

Notably, between I and 3 years in this highwrisk study cohort
(in which only “45% of patients were maintained on dual
antiplatelet therapy). fewer stent thrombosis, MI, and TLR
events occurred with EES compared to PIES.ED

in contrasi to the marked differences observed between

EES and PBS, smaller differences have been observed between
EES and SES in several randomized trials. In the SORT OUT

IV trial,” 2,774 unselected patients were randomized to EES
versus SES and followed through the Danish Civil Registration

System. Similar 9-month outcomes were observed between
EES- and SESvtreated patients although definite stent throm-
bosis occurred in fewer EES- than SEE-treated patients at
both 9 and 18 months (18 months: 0.2% versus 0.9%). In the

2,314—patient BASKET-PROVE multicenter trial comparing
EES, SES, and EMS (the otherwise Identical cobalt chromium

Vision EMS) in large coronary arteries requiring 2>3.0 mm
stems,“ EES, SES, and EMS were associated with similar rates
of cardiac death or nonfatal Ml at 2 years and the rate of Tim
was similar between BBB and SES. However, the rate of WR

was significantly lower with both BBB and SES compared to
EMS (3.1% [or EES, 3.7% (or SE5, 8.9% for EMS), even in

larger arteries with low rates of restenosis. The majority of
comparative trials betvveen BE and SES have demonstrated
largely similar angiograplu'c outcomes with BBB and SEW-“3°
except for the ESSENCEPDIAEETES trial}“1 in which. [5135
was associated with lower rates of angiograpbic late 1055 and

binary restenosis in diabetic patients at 8 months compared
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Trial Acronym
and Reference

SPIRIT First”"-5°

spinn He

saw ulna-B"

SPIRIT Ivma

 

SPIRITV [lessen

 

 

Numbel Hanclijrn-
Izerj (Planned

Principal Findings 
EES versus EMS resulted
in markedly reduced late
loss and neointirnal volume

 

 

 

EES versus PESlEl resulted in
lower 6-month angiographic
in—stent late loss (0.11 e 0.27
mm versus 0.36 i 0.39 mm,

 

EES versus PESlEl resulted in
lower 8—month engipgraphic
in-segment late loss (0.14 i
0.41 mm versus 0.23 i 0.48
mm, P= 0.004), noninfe-
rior B-mo rates ofTVF (7.2%
versus 9.0%, P = 0.31). and
reduced rates of MACE et'l y
(5.9% versus 9.9%. P = 0.02)
and 5 v (13.7% versus 20.2%.

EES versus PESiE} resulted in
lower 'I—v rates ofTLF (3.9%
versus 6.6%, P = 0.0008) and
ischemlardrlven TLR [2.3%
versus 4.5%, F' = 0.0003).
with similar rates of cardiac
death or target-vessel MI
(2.2% versus 3.2%. P = 0.09].
EES also resulted in lower
rates of MI and stent throm-
bosis. At 3 y, these results
were maintained although
the difference inTLR was no

longer significant (62% Ver-
sus 7.8%, P = 0.06}. 3‘y mor-
tality and death or M1 were
reduced with EES compared
to PES (text).  

EES versus PESlL) resulted in
lower ‘Iny rates of the primary
composite endpoint death.
Ml orTVFi (3.2% versus 9.1%,
P = 0.02). EES also resulted
in lower rates of MI, stent
thrombosis, andTLR [text].
BetWeen'l and 3 v. EES
resulted in less stent throm-
basis, Ml, andTLH events.  

EES Angiographrc:
VEI'SUS FDIIUVV-Upl'

Noncumplex 3M3 60iall) 5y
CAD

obstruction.

Whfidmplex -----FmIIII 300 (all) _ 5—y- _
CAD; up to 2
lesions

F's: 0.0001).

_ —l\l—or1clomp|exi -— "PE—SUE) FOE—(564i _ "57— _ .__._.
CAD; up to 2
Iesions

P -= 0.007).

"sesame —FES[El "semen; ' 3y " W—
CAD; up to 3
lesions

"Ali-Emma ' Psecu 1.860 (nofial""" 3y—" _

' biases?" "'"Fé's—ii'i ' ‘ "sfiiii'" ' '—_1—y_ _
lower 8-mo rates of angio-
graphie in—stent late loss [0.19
i 0.37 mm versus 0.39 i 0.49
mm, P = 0.0001].  
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- Hendomlzed Centnprlle‘dTrlels o'f Everqlllmus-Ellutirigl Stems i-Cdntipuedl
Number Random-

l.’t"t'l (Planned

Angingi aplilu
Follow-Uni

Latest

Follow-UpEES

Vers u s
Stuclv
Coho“

Trial Acronym to Date Principal Findings
and Reference  

EES and SES resulted in
lower rates ofTVR compared
to EMS (3.1% and 3.7%
respectively versus 3.9%).
There were no differences
between the three stent types
in the rates of death. lVlI, or
stent thrombosis at 2 Y»

BASKET-PROVE“ Large coro- SE3, BMS 2,314 (none)
nary arteries
[23.0 mm
stems)

EES versus PESlLl resulted
in lower 9—mo angiographic
in-stent late loss (0.11 t 0.2?
mm versus 0.33 i 0.39 mm,
P = 0.008l.

EXECUTIVE“ MVD. other— El mu
wise noncom-

plex CAD

PESlLl 200 {all}

Simple and -
complex CAD

1.304 lalll- .. 3 v

  

EES versus SE8 resulted in

nonsignificantlv different
rates of in-segment late loss
at 24 mo (0.29 I 0.51 mm
versus 0.31 i 0.58 mm,
P = 0.59). At 3 y. the rates
of clinical outcomes were
similar between EES and SES
lforTLFl: 12.0% versus 15.5%,
P = 0.15).

EES versus SES resulted in
similar rates ofthe composite
endpoint of death, Ml, stent
thrembosis, or clinically
drivenTVR at 9 end 18 mo

(7.2% versus 7.6%. F‘ = 0.64].
Definite stent thrombosis at
18 me was lower with EES
“12% versus 0.9%, P = 0.03).

ISAHATEST-Mmm '

 

SES 2,774 {nonelSORT OUT IV” Unselected

patients

18010

 

" EXAMIusTrONHE sr'Elle ““1504 (none) 1 v
EES versus BMS resulted in
similar rates of composite
death, MI, or revasculariza-
tien. but lower rates of
TLFl {2.2% versus 5.1%,
P = 0.003). Definitelprobahle
stent thrombosis atl V was
lower in EES patients [0.9%
versus 2.5%; P = 0.01).

BMS

Noncomplex 5:55 1,443 (all)me
Elmo

 

EES versus SE5 resulted in
similar lI'I-Segl‘l‘lfil‘lt late loss
at 9 mo [0.10 mm versus
0.05 mm. Ffor noninferierltv
= 0.02). Low rates of MACE
Were seen in both groups.

EXCELLENT“I9

——————.
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Condnuad

  
Numbjr Random-

 

 

ized (Planned Latest
. ._ _ . Follow-Up

Trial Acronym Study EES AHQ’DQHDWF— to Date
and Reference Cohort Versus FOHDW'UW

LONG-DESulll” Long [225 see 450 tall] 9 m
mm) native
coronary
lesions

‘é—sgstcé. ' 'Diahetes ass I ' gear...» 19
DIABETES"El

ass—otura Unselacted_ ZESlRl erase—lash? _ 2v-
AlI-Comersm? patients

TWEN'l'iEW Unselected ZESlHi 1.391 {nonel 1 v
patients

T‘LA‘l‘ll‘ilLllt/Iisumu l Ctr—2 de novo Pt-CrEES 1.530lnone) 1 y _ _

 

native lesions

725

Princrpal Findings 
EES versus SES resulted in

higher in-segment late loss
(0.17:' mm versus 0.03 mm,
P = 0.045), but similar in—
stent late loss and in—stent
binary reatenosis as wall as
other clinical endpoints at
9 mo.

EES versus SE5 resulted in
lower El-mo angiographic
in-segment late loss (mean
0.23 mm versus 0.37 mm,
P = 0.02) and lower binary
restenosis (0.9% versus 5.5%.
P = 0.04).Thare were no dif—
ferences in clinical outcomes
between the two stents.

EES versus ZESiR) resulted in
comparable 1-y rates ofTLF
l3.3% versus 8.2%, P 2 0.92)
and TLFl {3.4% versus 3.9%,
P -= 0.50), although less defi—
nite stent thrombosis {0.3%
versus 1.2%, P = 0.01} and
definitelorobeble stent throm-
bosis [0.7% versus 1.6%,
F = 0.05] were noted at 1 v
At 2 31, similar rates of clinical
endpoints were observed,
with a trend toward less
definite/probable stent
thrombosis (“1.0% versus
1.3%. P = 0.077).

EES versus ZESlRl resulted in
similar rates ofTVR (8.1% ver—
sus 8.2%. P — 0.94) and other
clinical endpoints including
stent thrombosis at 1 year.

EES versus F't-Cr EES resulted
in similar rates ofTLF (2.9%
versus 3.4%, P : 0.60i as well
as other clinical endpoints
at 1 y.

EES, everolimus-eluting etents (XienceWPromus); EMS, bare-metal stems; PESlE), paclitaxol-eluting stunts [Taxus Express platform); PEStLl. paolitaxel-
aluting star-Its (Taxus Liberté platforml: ZEBlH], zotarolimua-eluting stents (Resolute platform): Pt-Cr EES. platinum chromium EES,’ CAD, coronary artery
disease; MVD, multivassel dlsease; Ml, myocardial infarction;TLFt, target lesion revascularization;TVR, target vessel revascularization;TLE target lesion
failure (cardlac death. target-vessel lVll, orTLRi;TVF, target vessel failure (cardiac death, Ml‘ orTVR); MACE. major adverse cardlac events [cardiac death.
Ml, orTLR].
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to SE5. Excepting this trial's results, whether clinically appar-
ent efficacy differences between EES and SES are manifest in
the highest-risk patient and lesion subsets remains unknown.

One intriguing attribute of EES that has emerged is the
low rate of stent thrombosis observed with this stent. First

demonstrated in SPIRIT W and COMPARE. these findings
have also been validated in several other studies, summarized

in a metaanalysis of 13 randomized EES trials (N = 17,101)
that demonstrated lower rates of ST with EES compared to
non-EES DES.ma These data, combined with further observa—
tional validation of these findings,1m support the use of the

second~generation EES over previously existing first—gener—
ation DES with respect to a safety advantage (in addition to
efficacy). Further, whether EES can achieve lower or noninfe-
rior overall rates of stent thrombosis compared to EMS is an

area of active interest. piqued by both preclinical data as well
as studies such as the randomized EXAMINATION trial of

1,504 patients with ST—segmcnt elevation myocardial infarc-
tion (STEMIJF5 in which the rate of definiter'probahle stent

thrombosis at 1 year was significantly lower in BEE-treated

patients compared to those treated with EMS {0.9% versus
2.6%; P = 0.01), Similarly, in a large network metaanalysis
of head-to-head DES trials (49 trials, N = 5034+}, the use
of EES was associated with statistically significant; reductions

in 1- and 2—year stent thrombosis compared to other DES,
as well as EMS!“ Whether EES can definitely reduce stent

thrombosis compared to EMS is being actively tested in the
randomized controlled HDRIZONS-ll trial.

Another iteration of EES has involved the use of everoli—

mus eluted by the same stable fluropolymcr as in the original
EES, but on a platinum chromium stem platform (Promus
Element, Boston Scientific, NatiCk, MA). This stent was eval—
uated in the randomized PLATINUM trial.” which random-

ized 1.530 patients undergoing PCI of one or two de novo
native lesions to treatment with the standard EES versus the
Promos Element stent. The rates of efficacy and safety out—

comes were very similar with both stents in this trial, which
ultimately led to FDA approval of this EES platform.

In summary, in a broad cross—section of patients under—
going PCl, EES have shown significant improvements in
safety and efficacy outcomes over first-generation DES. The
finding of lower rates of stent 1hrombosis with EES, partic-
ularly compared to predecessor DES systems and in some
cases even compared to EMS is notable, and suggests that
this stem may have set a new standard for DES safety, if these
findings can be further validated in larger adequately pow—
ered clinical trials.

Zotarolimus-Eluting Stents
Endeavor

Although studied contemporaneously with first—genera-
tion SES and PES, the zotarolimus-eluting Endeavor stent

(ZEBtE), Medtronic. Santa Rosa, CA) was originally conceived
as a "second-generation DES." rapidly eluting zotarolimus

(10 pg per 1 mm stent length) from a thin layer (5.3 pm) of

 

the biocompatible polymer phosphorylcholine from a flexible,
low-profile (91 pm strut thickness) cobalt chromium stent.
Phosphorylcholine is a naturally occurring phospholipid
found in the membrane of red blood cells. and is resistant

to platelet adhesion.”3 The potencies of zotarolimus. evero-
limus, and sirolimus are roughly comparable, and zotamli-
mus is somewhat more lipophilic. However, the release rate
of zotarolimus from Endeavor t~90% within 7 days, 100%

within 30 days) is significantly faster than everolirttus and
sirolimus are released from HES and SEE stents reapectively.

1n the Endeavor l FIM study,'°" ZESCE) was demonstrated
to have a low rate of TLR (1%), despite a mean in-stent late
lumen loss of 0.61 mm at 12 months. The ZES(E) was sub-

sequent'ly compared to its base EMS in the ENDEAVOR ll
randomized trial,‘°’"°“ conducted in 1,197 patients with non—

compiex lesions, In this trial, ZES(E) was associated with.
lower rates of "WP and TLR at 9 months compared to EMS;

these results were sustained at followup up to 5 years. Once

again, 9-month angiographic in-stent late loss (at (161 mm)
in this trial was greater than previOusly seen with either SE5
or PES, but compared to EMS, in—segment binary restenosis
was reduced from 35.0% to 13.1% (P < 0.0001).

A series of head—to—head DES studies in the ENDEAVOR

clinical trial program was launched with a 436-patient angio—

graphic trial, ENDEAVOR III, which was designed to demon-
strate noninferiority of ZESCE) to the Cypher 51-28. In this trial,
the amounts of late loss and rate of restertosis at angiographic

folloW-up were significantly greater with ZESCE) compared
to SE5.” Despite these findings, the overall rates of clinical
restenosis endpoints were not dissimilar between treatment
arms in this trial, and as such, the larger ENDEAVOR lV trial

(N = 1,548) was conducted with a primary clinical end-

point (rathcr than an angiographic one}. In this trial, which
randomized patients with noncomplex coronary lesions to
treatment with ZEBtE) versus PES. despite greater late loss

and angiographic restenosis with ZEStE) compared to PBS,
ZEBfE) had noninferior 9-month rates of TVF and compara-
hlc 12-month rates of TLR."1 Rates of TLR were lowest and in

fact indistinguishable between both steots particularly among

patients who were assigned to receive clinical follow-up alone
(rather than routine anglographic follow-up) (Figure 31.9).

emphasizing a somewhat “artificial" clinical trial phenome-
non previously described as the "oculostcnotic reflex“.‘°5 The
ENDEAVOR lV findings ultimately led to device approval of
ZES(E) in the United States. The 5-year follow—up of this trial
has been recently presented)” demonstrating comparable
rates of TLR for ZESUE) compared with PES (7.7% versus

8.6%; P = 0.70). More notably, the ZESCE) demonstrated a

superior late safety profile With lower very late stent thrornr
bosis (0.4% versus 1.8%; P = 0.012) and a lower overall inci—
dence of cardiac death or M1 (6.4% versus 9.1%; P = 0.048)

compared to PES at 5 years.
Several trials have compared ZESCE) to other DES in

unrestricted patient populations. In the SORT OUT lll trial,“OI
a trial notable for a design. that employed follow—up through
a nationwide clinical registry in Denmark, 2,333 patients
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 : Rates of target lesion ravascularization
' in the ENDEAVOFi IV trial according to

the performance of angiographic fol-
Iow-up.The differences between stents
are minimized among the majority of
patients undergoing clinical follow—up
alone.TLR, target lesion ravasculariza-
tion; ZES, aotarolimus—eluting stant;
BMS, here-metal stem.

(nearly 50% of whom presented with acute coronary syn-
dromes) were randomized to ZESUE) versus SE5. In this trial,

treatment with 2.15503) was associated with higher rates at
9—month major adverse cardiac events (MACE: cardiac death,
Mt, or TVR: 6% versus 3%, P = 0.0002), as well as endpoints
of MI, stent thrombosis, and TLR, differences which persisted

at 18 months (with the exception of stent thrombosis). The
lSAR—TEST—Z trial was a three-way 1:1:1 randomized trial in

1,007 patients of an investigational combination sirolimus/
probucol‘eluting stent versus ZESCE) versus SEE;.‘”‘“1 Com—
pared to SE5, ZES(E) resulted in higher rates oflate loss, angi-
ographic rcstenosis (the primary endpoint), and TLR at 6 to
0 months, with similar rates of death, Ml, and stent thrombo-
sis. A larger study, the ZEST trial, randomized 2,645 patients
with simple and complex coronary artery disease to ZESCE),
5E5, or PES.“3-”" In this trial, while 5E5 demonstrated the

lowest degree of late loss and binary restenosis, ZES(E) was
intermediate between SES and PBS with respect to rates of
MACE, TVR, and TLR. There were no significant differences

in the 2-year rates of death, Mi. or stent thrombosis between
the two stents.

Overall, both the pivotal approval trials within the
ENDEAVOR clinical program as well as the investigator-
initiated clinical trials of KEEUE) demonstrate lesser ncointi—

mal suppression with this stent compared to either SE5 or
PES, resulting in lesser performance of this stcnt with respect

to angiographically measured trial endpoints. However,
ZESfE} is clearly superior in efficacy to EMS, and likely com—

parable to other stern platforms in reducing clinical restenosis
in less complex lesions, particularly in the absence of routine

angiographic follownup, The findings of very low rates of late
adverse safety events including very late stem thrombosis as

722

well as cardiac death or MI“5 with ZESCE] is a notable posi-

tive attribute of this stem, particularly in light of the potential
on going thrombotic risks ol'SES and PERI” In this regard the
large, randomized PROTECT trial has completed enrollment
of 8,800 patients to ZEStE) versus SES, and is the first clini-

cal DES study powered to demonstrate a difference in stem
thrombosis between two stent platforms (with ascertainment

of the primary endpoint at 3 years).

Resolute

The Resolute stcnl (Medtronic inc.) is similar to the Endeavor
stcnt in that zotarolimus is eluted from the thin—strut cobalt—

alloy EMS platform (in this case, the updated and more deliv-

erable Integrity cobaltralloy EMS). However, instead of the
phosphorylcholine coating of the Endeavor stem, the Reso—
lute stent employs the BioLinx tt‘lpolymer coating, consisting

of a hydrophilic endoluminal component and a hydrophobic
component adjacent to the metal stent surface, This polymer
serves to slow the; elution of zotarolimus, such that 60% of

the drug is eluted by 30 days and 100% by 180 days, melting
this the slowest rapantycin analogue-elutlng DES.

In the single—arm RESOLUTE trial1 ZESlR),'” the pri—
mary endpoint of in-stent late lumen loss at 9-1notttl‘ls was
0.22 mm, and the iii-segment binary restenosis rate was 2.1%,
both significantly less than seen with other studies of ZESEE)
or EMS. Low rates of MACE, TLR, and ARC definite/prob
able stent thrombosis were observed. Two—year data from this

study have demonstrated TLR, ”Wit, and Tilt“ rates of 1.4%,
1.4%, and 7.9%, respectively, with no late stent thrombosis
events.”8

The large RESOLUTE All—Comets randomized trial of
ZES(R) versus EES was conducted in 2,292 patients“: this

trial sought to enroll at more unselected patient population
than in prior pivotal DES trials. The rate of the primary end—
point. of TLF at 1 year was similar to ZESCR) and HES (8.2%
versus 5.3%, P for nonittferiority' C 0.001). In this Lrial, the
rates of death, cardiac death, MI, and TLR were similar with
both stents, but both definite and definite or probable stent
thrombosis occurred less frequently with EES at 1 year. In-

segment late loss at 13 months [after ascertainment of the

primary clinical endpoints) was slightly greater with ZES(R)
compared to EES (0.15 mm versus 0.06 mm, P = 0.04), but
there were no differences in rates of binary restcnosis among

the 460 patients undergoing attgiographic follow-up, At
2 years, similar rates of clinical endpoints including TLF, TVE
Ml, TLR, and TVR were observed, with a trend toward less
stent thrombosis with EES (1.0% versus l.9%, P = 0.077l,

predominantly driven by events within the first year.” Three
patients in each group (0.3%) had very late stent thrombo—
sis (thrombosis occurring beyond 1 year). One additional
investigator—initiated randomized trial of ZESCR} and EES
has been reported; in the TWENTE trial“la 1,391 unselected

patients were randomized between these two steals. Notably,
“off—label” indications occurred in >75% ofpatients enrolled.

AI. 1 year, the primary endpoint of TVF was similar with both
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stents (8.1% versus 8.2%, P = 094), with no observed differ—
ences in other clinical endpoints, including stent thrombosis

[definite/probable: 0.9% for ZESfR) versus 1.2% for EES).
In. summary, the ZES (Resolute platform) is the first stent

to demonstrate comparable overall safety and efficacy to the
EES, although slight differences in angiographic and clinical
outcomes between these stent platforms may exist. Larger

studies and longer—term followdup are required to assess
whether these device-specific performance characteristics
influence outcomes in actual clinical practice, and whether

the long—term safety of this stem is maintained.

Blolimus A9—Eluting Stents (BioMatrix)
The BioMatrix (Biosensors international, Switzerland) stent

(BBS) elutes biolimus A9 (concentration 15.6 rig/rum), a semi-

synthetic rapamycin analogue with similar potency but greater
lipophilicity than sirolimus, from a stainless steel platform,
The stem platform that originally was the S—stent is currently
the juno EMS platform, in the BioMatrix Flex iteration of
BES. Of note, the Nobori. DES (Terumo Medical Corporation,

Japan) is a similar 'BES that releases biolirnus using the same
polymer system with a different EMS platform, The Nobori
DES has demonstrated favorable results compared to ‘PES and
SES in three modest-sized randomized trials.”°"21 DES are

unique. especially compared to the previously described first-
and second-generation DES, in that biolimus A9 is eluted from
PLLA, a biodegradable polymer which is applied solely to the
abluminal stent surface. The biolimus A9 and PLLA are core-

leased, and the polymer is converted via the Krebs cycle into
carbon dioxide and water after a 6— to 9-month period. Con—

ceptually, such a stenl might not be prone to late inflammatory
reactions as are occasionally seen with durable polymers, and

thus result in improved outcomes after 1 year.

I BES (n = as?) in ass to = 550)

M m 33

20%

1 5%

1 0%

5%9—monthadverseevents(as)
0%

MACE Gardlao Stem
death or

Ml

TLFl

 
thrombosis

 

The BioMatrix HES was first tested in the randomized

STEALTH trial in which 120 patients with single de novo cor—

onary lesions received either a BBB or a bare-metal S-stent.121
Treatment with EES resulted in lower in—stent late loss at 6

months (0.26 mm versus 0.74 mm for EMS, P < 0.001) The

largest trial examining the safety and efficacy of HES was the
LEADERS trial,which randomized 1,707 "all«corner" patients
(55% ofwhom had acute coronary syndromes) to BEE versus
SE5. “‘3 Similar rates of all clinical endpoints were observed at
9 months with both BBB and SES, including the primary study

endpoint, which was the composite of cardiac death, Ml, or
TVR (9.2% versus 10.5%, P = 0.39). Among the 427 patients

allocated to angiographic follow—up at 9 months, in-stent late
loss and binary restenosis were similar with both stents. Lon-

ger—term follow-up of LEADERS to 4 years has been recently
reported (Figure 31.10).”" Over the entire follow—up period,
the rate of the composite primary endpoint of cardiac death,
M1, or clinically indicated TVR was lower with BES compared
to SE5 (19% versus 23%, P = 0.039). with gradual separa-

tion of respective event curves over time. Additionally. while
overall definitelprobable stent thrombosis rates were not sig—

nificantly different (3% for BES versus 5% for 5135,? = 0.20),
the rate of very late definite/probable stent thrombosis was

significantly lower with BES (6 events (1%) versus 20 events
(2%), P = 0.005). Similar results were observed when assess—

ing the endpoint of definite. stent thrombosis.
Collectively, these data demonstrate that BES has similar

efficacy as the llt‘sbgeneration devices, with a favorable safety
profile that emerges particularly beyond 1 year. However,
much larger and adequately powered studies will be required
to determine whether BES, or other devices with bioabsorbable

polymers, offer true and sustained clinical advantages to the
best-in-class second-generation DES with durable polymers.
Several studies investigating these hypotheses are ongoing.

I BES (n = 557] El SE5 (n = 850)

23%
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Principal clinical endpoints at 1 year (left) and 4 years (right) from the randomized all—comers
LEADERS trial of a biolimus AB-eluting stent compared to a sirollmus-aluting stent. HES, biolimus
AB-eluting stent: SE5. sirolimus-aluting stent; MACE {major adverse cardiac events) denotes cardiac
death, myocardial infarction (MI). or clinically indicated target vessel revascularization; stent throm-
bosis refers to Academic Research Consortium (ARC) definite or probable events.
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l CONCERNS REGARDING SAFETY
l OF DRUG-ELUTING STENTS AND

POOLED COMPARISONS OF DRUG—

' ELUTING STENTS AND BARE?

l METAL STENTS
 
The evidence base for initial DES approvals by the FDA con-

sisted primarily of randomized controlled trials enrolling

largely stable patients with relatively noncomplex, single, de
novo coronary artery lesions. Data from these early studies
demonstrated similar rates of death and M1 among DES and

EMS-treated patients.”'m Yet, clue to their potent efficacy,
DES are used “off label" (in higher-risk patients and in more

complex lesions) in 60% to 70% of cases,1m leading to con?
cerns about the safety and appropriateness of the routine use
of DES in the “real world,” Moreover, most randomized stud—

ies (especially those conducted early in the DES era) included

primary outcomes of interest that focused upon stent efficacy,
rather than absolute safety. As such, evidenCe of the safety
of DES has come from two sources—randomized controlled

trials, which are usually small to modest in size, and typi-

cally underpowered to assess safety endpoints such as death,
MI, and stent thrombosis. as well as large-scale observational

 

studies, which previde a broader look at the real—world use of
DES and allow more generalizability and power.

A number of analyses have amalgamated trial data across
clinical studies to increase overall sample size. In particular,
these studies have attempted to address one of the prominent
limitations of individual DES studies, namely the limited power
to detect differences in low—frequency safety endpoints. In the
largest and most comprehensive metaanalysis of first—genera—
tion DES versus EMS studies (including 9,470 patients from 22
randomized trials and 182,901 patients from 34 observational
studies), the use of DIES in randomized trials was associated
with comparable rates of mortality and M1, with a 55% relative
reduction in “NE (Figure 31.11).39 in the observational studies
included separately in this analysis (Figure 31.1.2), significant
heterogeneity was observed. and treatment with DES was in
fact associated with significant reductions in overall death, M],
as well as TVR. The differences observed between the find-

ings ofrandomized trials and observational studies included in
this analysis highlight the difficulty in assessing nonrandom—
ized active treatment comparisons through an observational
study design. In another metaanalysis, Stettler and colleagues
incorporated comparative data from 5E5 versus EMS trials,
PES versus EMS trials, and SES versus PES trials in a statistid
cal “network“ of trials to discern treatment effects across all

5‘“le Eelimate(95%C|) Weight (%)

scour-105 : 1.2a(0.35,4.s1) 1.88
SESAMI . 0.40t0.11,1.ssl 1.70
Typhoon 1.01 (033,265) 3.2?
Passion 0.70l0.36,1.36) 6.99

BASKETtSESonIy) 0.0210.sr.1.e4) 4.a0
STRATEGY 0.a4to.as.1.ss) 4.00
SEE—SMART 0.21 (002.111) 0.02
Sevllle 1.35(0.23,7.70) 1.00
HAAMU-STENT 2.00 (0.53. 0.21s) 2.30
MISSION! 0.4ato.oa,2.sst 1.09
PRISON 11 0501000117) 1.07
Pacheetal 1.40:0.45.4.ss) 2.40
Ortolanloial 2.006119, 21.38) 0.55
DIABETES 1.44(0.40.4.33) 2.55
FlAVEL 1.75(0.73.4.1s) 4,013
SIRIUS 1.02t0.37,1.54) 17.02
o-SIaIus 0.68(0.11,4.04) 0.95
E-SlF‘IIUS 1.0s(0.25.2.24) 2.57
TAXUSII 1.s1(0.57.4.53) 2.07
Taxusw 0.89(0.63.1.25) 26.20
TAxusv 0.97t0.57.1.es) 10.92

Random Effects (1” = 0.0%) 0.97 ((181,115)
Fixed Effects 0.97(0.a1,1.15}, p = a. 72

 
Favors DES

10
Favors BMS
 

 
stent; EMS. bare-metal stent.

. Mortality in randomized trials comparing drug-aluting stents to barn-metal stents (from Kil‘lane et al..
' Circulation 2009), demonstrating similar overall mortality of both stent types. DES. drug-eluting
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Study "3 Estimate (95% Cl) Weight (“/o). . . _ .

NHLBI (of! label. adjusted) ‘ 0.54 (0.04. 1.35) 5.19
NHLBI (on labei. adjusted) 1.47 (0.07. 2.46) 2.20
Germany Metabolic Syndrome 1.47 (0.65. 3.35) 1.11
Ontario (matched) 0.71 (0.59. 0.34) 5.45
Mayo FFH Substudy . 1.00 (0.21, 4.75) 0.35
Italian Diabetic Multivessel (adjusted) ——)(—~——7 1.22 (0.30. 4.10) 0.56
MoMester STEMI (adjusted) <—-—o———'—-i-— ~ 0.17 (0.03. 0.07) 0.23
Rotterdam Oil-Label ‘,—+- 0.05 (0.05. 1.13) 5.05
Washington Hosp Center (matched) I—O— 1.16 (0.78. 1.75) 3.02
Asan Korea (adjusted) —*-7' ' 0.50 (0.45. 0.70) 4035
SCAAFi (adjusted) I 4- 1.03(0.94.1.14) 0.30
Wake Forest (adjusted) d-r— 0.72 (0.55. 0.35) 4.31
Western Denmark (adjusted) ‘ --I- 1.00 (0.06. 1.17) 5.72
NY State (adjusted. unmatchod) 1"0- 0.84 (0.72. 0.07) 5.77
MIDAS (adjusted) + 0.06 (0.59, 0.74) 6.14
Massachusetts (matched) —-9- 0.79 (0.71. 0.09) 5.15
STENT (adjusted) —.- 0.69 (0.55. 0.67) 4.83
Liverpool (matched) —--9—|- 0.45 (0.24. 0.04) 1.70
sHosr (adjusted) _.._'_1. 0.55 (0.30. 0.33) 2.01-
DESoover (unadjusted) —~—'r 0.53 (0.35. 0.50) 2.05
Cedars Acute Ml 0.02 (0.37. 1.83) 1.16
FiEAL (adjusted) -O- 0.03 (0.70. 0.90) 555
Melbourne 0.67 (0.23. 1.94) 0.71
Multtcentor SVG (adjusted) 1.33 (0.47. 3.75) 0.74
ACUITY (from nor) 0.53 (0.40. 0.32) 4.50
HESTEM 0.73 (0.51, 1.05) 3.40
ARTS II (from 001') 0.74 (0.41. 1.35) 1.03
EHACI Hi (from FlCT) 1.15 (0.54. 2.53) 1.20
Sussex Elderly 0.72 (0.30, 1.72) 1.00
SMART 0.59 (0.40. 0.71) 5.23
Northern New England (adjusted) 0.51 (0.26, 1.00) 1.53

Random Effects (1“; = 70.9%)
Fixed Effects

  

.1 Favors DES

 

 
1

0.78 ((171,086). p 1:11.001
0.31 (0.78,0.65)

 
Favors BMS 10

 

 
eluting stent; Bit/IS. bare-metal stent.

included trials.”’ in this analysis of 38 trials including data

from 113.023 patients. TLR was lower with 5125 and PBS corti-
pared to EMS, with similar mortality among patients treated
with SE5. PBS. and EMS. in this analysis. a reduction in the
hazard of MI was observed with 5125 compared to both EMS
{hazard ratio [HR] 0.81. 95% credibility interval 0.66 to 0.97.
P = 0.030) and PBS (HR 0.83, 0.71. to 1.00. P = 0.045).

in addition to these and other analyses. numerous obscru

vational studies have focused upon the examination of low—

frequency safety endpoints when comparing first-generation
DES to EMS, across a wide range of clinical indications. More
than 50 nonrandomizcd comparisons between DES and. EMS

have been published andlor presented to date. Aside from
the initial publication of data from SCAAR registry”a that
was subsequently revised with the addition of longer term
follow-up.”" the majority of these studies have demonstrated

'. Mortality in observational studies comparing drug-eluting stems to bare-metal stents (from Kirtane
" " et al.. Circulation 2009), demonstrating a reduction in mortality with drug—eluting stents. DES. drug-

favorable safety for DES compared to EMS. For example, in

the largest such analysis of DES safety. which was conducted
using data from 262.700 Medicare beneficiaries in the United
States, the use ofDES was associated with lower rates otdeath
(13.5% versus 16.5%. P <2 0.001) and MI (75% versus 8.0%.
P < 0.001) with minimal differences in bleedingu"

Despite the reassuring findings front these: and other
observational registries of unselected DES use, it is our opin—
ion that data from these nonrandomizcd comparisons of
DES versus BMS should be considered exploratory at best.

and potentially misleading. This opinion is based upon 50v?
eral factors: (1) Nonrartdomized treatment comparisons are

subject to significant unmeasured confounding that cannot
be adequately accounted for using conventional Statisti-
cal methodology; (2) Mortality reductions have never been
observed in randomized trials comparing firstrgeneration

——4
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DES to EMS; and (3) In propensity-matched observational

analyses comparing DES to EMS, the majority of benefit
of DES compared with EMS was evident within the first
30 days after irrlplantation,131 a difference that does not appear
to have an adequate pathophysiologic explanation. These
limitations notwithstanding, the abundance of randomized
trial and observational data with DES has been reassuring,

demonstrating efficacy of DES in reducing clinical restenor
sis, and with no major safety concerns compared to EMS. As
described in the earlier sections on second—generation DES,
there are now emerging data demonstrating improvements

in safety outcomes with ZESCE), EES. and EES compared to
first-generation DES and even compared to EMS. These find-
ings, in conjunction with superior and/or similar efficacy of
second-generation DES. suggest that the comparison between
the second generation DES and EMS may be hypothetically
even more favorable than prior studies comparing first-

generation DES to EMS. At present, however, this remains
unproven as direct comparisons between second-generation
DES and EMS are scant.

  BIOABSORBABLE DRUG-ELUTING
STENTS

All EMS and DES platforms in clinical practice today are per-
manent coronary prostheses. As described above, in order to
mitigate adverse vascular responses to older DES. newer DES
platforms have tried to achieve EMS-like biocompatihility
through either inert durable polymers or bioabsorbable poly—
mers. Building further upon this approach is the Concept of
a completely bioabsorbable scaffold (or bioabsorbable stent).
This concept had been investigated prior to the DES cram
but remained largely dormant until recent efforts to combine a
bioabsorbable platform with the antirestenotic efficacy of DES.

Several bioabsorbable DES are currently undergoing

clinical trials. The stent at the most advanced stage of inves—

tigation and with the most clinical data is the Eioabsorbable
Vascular Solutions EES (EVE—E135, Abbott Vascular, Santa

Clara, CA). The EVSAEES (Figure 31.13) is a polymeric bioab-
sorbable scaffold constructed of PLLA with a thin mixture of

poly-D, L—lactic acid (PDLLA) that serves as the drug—carrier
vehicle for everolimus at a concentration of 8.2 mcg/mrn. The
PDLLA enables controlled release of everolirnus, with 80%

elution by 30 days. The EVS-EES has an overall strut thick-
ness of 150 pm in order to maintain structural integrity of the
stent in coronary applications.

The BVS-EES was initially investigated in the AESORB

FIM study (ABSORB Cohort A) completed in 2006.133 In this
nonrandomized, open-label study of 30 patients receiving
BVS—EES in uoncomplex de novo coronary lesions, device suc—
cess was 94% with a MACE rate of 3.3% (one Mi event and no

TLR). Although a comparative study with cobalt chromium
EES demonstrated similar acute recoil with EVS—EES to EESF“
in ABSORB. angiographic in-stent late loss was 0.44 mm. and
appeared to be related in large part to late recoil of the scaffold‘35
rather than neointimal hyperplasia. Nonetheless, follow—up to

7'31

 
 it Bioabsorbable Scaffold tevs, Abbott

' Vascular]. (Courtesy of AbbottVascular.
@2013 Abbott. All Rights Reserved.)

5 years has demonstrated a persistently low MACE rate (3.4%)
without any further occurrence of late complications.m After
a manufacturing and design modification to the BVS-EES
(in order to improve strut strength and enabling storage at
room temperature), enrollment in Cohort B of the AESORE
trial ensued,I37 The Cohort B patients (total of 101 patients)

represent two separate groups of patients undergoing vari-
ous modes of invasive and noninvasive follow-up (including

angiography. NUS, optical coherence tomography (OCT),
and multislice computed tomography) at different timepoints
(6 months and 24 months, and 12 months and 36 months).
The cumulative rate ofMACE at 18 months was reported to be
6.7%, comprising 3 MI events and 4 TLR events.”8 There have
been no observed stent thrombosis events in either cohort of
the AESORB trial, Furthermore, OCT analyses from Cohort
B have demonstrated persistence of the mechanical scaffold—
ing properties of EVS-EES despite evidence of reductions in
strut core area.”" Strut malapposition has been rare. and strut

coverage occurred in almost 97% of struts at 12 months. The
ongoing ABSDRB EXTEND trial in up to 1,000 patients with
up to two de novo coronary lesions will further expand the
clinical evidence base of the BVS—EES.

Aside from the intuitive appeal of fully bioabsorbable
scaffolds, other potential advantages of this technology relate
to a restoration of normal arterial vasomotion and arterial
function (including resolution of side branch jailing and
obstruction). visualization of coronary arteries via noninva-

sive means, and potential facilitation of repeat intervenLionS.
if needed. These advantages would theoretically come in

addition to mitigating any adverse effects of existing perma-
nent stent platforms (both DES and EMS).

DRUG—EL.UTlNG STENT SUMMARY

In summary, significant progress has been made with sec-
ond-generation DES compared to their firstegcneration
counterparts in terms of enhanced deliverability (through
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thin—strutted cobalt alloy. cobalt—chromium, and platinum-
chromium platforms), safety (including ZES(E}, EES, and
BBB), and antirestenotic efficacy (EES, ZES(R). and BEE).
Ongoing and future studies with these stents as well as future
third—generation DES and even bioabsorbable scaffolds are
needed to determine whether these benefits will constitute

further incremental improvements over EMS, particularly

regarding safety.

STENT IMPLANTATION l ECHNIQUE

Achieving optimal stem outcomes requires operator skill
in guide catheter, guidewire, and stem selection and usage.
Understanding the utility of adjunctive imaging and physi-
ologic lesion assessment catheters (e.g., lVUS, fractional
flow reserve [FFR], OCT; see Chapters 24- and 25). lesion

modification devices (c.g., atherectomy, thrombectorny),

and distal protection devices (see Chapter 29) is also criti-
cal to optimizing stent results. Perhaps most important,
however. intimate knowledge is required regarding the

appropriate indications for stem implantation versus alter~
native medical therapy or surgical revascularization, iden-
tification and treatment of high-risk patients and lesions,

appropriate use of adjunct pharmacotherapy, and the recog—
nition and management of stent~related complications (see
Chapters + and 5).

Technical Aspects of Coronary Stent
Implantation
Guide Catheter and Guldewire Selection

Optimal guide catheter selection is critical for the successful
completion of most stent procedures and requires the opera-
tor to consider prior to the case the amount of backup support
required and the luminal dimensions of the guide to accom-
modate the devices likely to be used. Stenting of noncomplcx

lesions is typically performed through 6F or even smaller (e.g
5F) guiding catheters. Smaller-diameter guides, however.
provide reduced backup support, a disadvantage that may
necessitate active guide catheter manipulation (deep guide
intubation), a technique that is usually safe when performed
by experienced operators, although it may occasionally result
in proximal coronary dissection requiring placement of addi-
tional stents.

ll' significant guide catheter backup support is antici-
pated (e.g., fibrocalciiic or tortuous vesseLs, distal lesions,
or chronic total occlusionleTOl), or simultaneous deliv~

cry of multiple wires, stents, or use of atherectorny devices
is planned, largeredimension guiding catheters (typically 7F
or BF) or those with specialized shapes (e.g., Extra—Back

Up or Voda shapes [or the left coronary artery. and hockey
stick or Arnplatz shapes for the right coronary artery and
SVGs) should be chosen. Larger guiding catheters may also

be required for stenting of bifurcation lesions when a two—
stent technique that requires contemporaneous delivery of
both stents is required. An alternative to larger guide sizes to
increase support is the use of a "mother-daughter" technique,
or coaxial deployment of a smaller catheter through an exist—
ing guide catheter system.

Floppy wires should be used for most stent implant pro-
cedures, although at least medium shaft support is required
to advance most stents. More complex guide-anchoring tech-

niques or a second parallel ("buddy") wire placed alongside
the wire being used may be considered further aids to deliver
the stent when difficulty advancing the stent over an extra—

support wire is still encountered.

Stent Selection and Techniques

to Optimize Acute and Long-Term
Outcomes

Optimal stent selection and implantation technique will
minimize procedural complications. reduce the risk of stem
thrombosis, and enhance long—term freedom from resteno-

sis. Key issues include selection of the appropriate stent
(including stcnt diameter and length), implantation pres-
sure, the decision whether to predilate versus direct stent,
and whether to postdilate or implant additional stems to
achieve an optimal result (Table 311i). Balloon-expandable
rather than self—expanding sients are almost universally
used for coronary applications, given their simplicity and
accuracy in positioning. Open cell designs are generally
more trackable than closed cell stents and may be favored
in tortuous vessels where conformability on bends is impor-

tant or when stenting across bifurcation lesions (to reduce
the risk of side branch closure and preserve side branch

access). Closed cell designs, in contrast. may be desirable
when uniform or optimal scaffolding is required, such as
in ostial lesions. Excessive force should never be applied in

trying to pass a stenl across a rigid, nondilated lesion; such
efforts are likely to be unsuccessful and increase the risk

of stripping the stem from the balloon. ll guide support is
adequate and the stent does not easily pass across the lesion,
it should be carefully withdrawn back into the guide cath—
eter under fluoroscopic visualization and the lesion should
be aggressively predilated before an attempt to readvance
the stent is made.

The optimal pressure for stent implantation has been
a matter of some debate. Colombo first demonstrated that

high—pressure stent implantation techniques were impor-
tant to achieve optimal stent expansion and to appose the
stent completely to the vessel wall. Although Colombo ini-
tially achieved these results with the use of adjunctive WUS
imaging,” acceptable results were also demonstrated with
moderate-pressure implantation techniques without lVUS
intagirtg.”° in a randomized trial of high (mean 16.9 attn) ver—
sus moderate (mean 11.1 arm) pressure for stem implantation

in 934 patients, similar rates of stent thrombosis and reste-
nosis were obscrved.m In contrast, in a second randomized
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- Guidelines for Optimal Stent Selection and Implantation - i
1. Choose the optimal stent length

   

A. Ensure adequate lesion coverage while avoiding excessively long stents, as stent length is a risk factor for
periprocedural myonecrcsis. stent thrombosis, and restenosis.

 

    

B. implant the stent from normal reference to normal reference if possible (starting 2 mm before and after the
lesion shoulder), which will avoid edge dissections. An edge dissection, unless mild, often requires
treatment with an additional short {El—10 mmi overlapping stent.

C. In diffusely diseased vessels, a normal reference segment often cannot be identified.The most severe ath—
erosclerotic segments should be stented so there are no major inflow or outflow lesions proximal or distal
to any stenosis. Spot stenting is likely preferable to the "full metal jacket." Avoid stenting over potential graft
anastomosis site (eg mid~distel LAD).   _—_,.,—————

D. For long lesions, use one long stent if possible. if multiple stents are required, they should overlap-by
~2 mm to ensure complete lesion coverage but minimizing the total length of overlap.—.—_—-—-—~

2. Choose the optimal stent diameter

A. Size the stent diameter with a ratio of 1.0—1.1:1 to the distal reference vessel diameter. Be cognizant that the
size of the distal vessel can be underestimated due to proximal severe disease or spasm {e.g. in the setting
of acute myocardial infarction).________._—__—_——-

B. If the vessel is tapering, a larger noncompliant balloon can then be used to more fully expand the proximal
stent segments.

 

  
 

 

  

 

C. Be aware that within the same stent line, different—sized stents exist for different—diameter vessels. Oversizing
stents designed for small vessels will lead to inadequate scaffolding and possibly strut fracture.

3. Predilatation versus direct stantlngM-fl

A. Direct stenting may be considered when guidI catheter support is good to excellent. Lesions not genera
ally amendable for direct stInting include those with excessive vessIl or lesion tortuosity or calcification,
diffuse disease or subtotal stenoses, bifurcations, acute myocardial infarction, or chronic total occlusions.
While direct stenting is faster than predilatation prior to stenting, recognition of the potential for inadequate
pransion is critical prior to deploying a stent that then cannot be expanded, which is a major risit factor for
stent thrombosis and/or restenosie. .___.___————-—-—

B. If direct stenting is not feasible, predilstation should be performed with balloons undersized to the refer—
ence diameter by 0.5 mm, and with length shorter than the lesion so as to not extend the length of stenosis
requiring stenting. If this degree of predilatstion does not allow stent passage, larger andlor higher—pressure
balloon inflations may be required.

 

  

4. Implant and postdilate the stent at adequate pressure

A. Most stents (except those mounted on a very compliant delivery system) should be implanted using at least
12 atm of inflation pressure.

B. Higher routine implantation pressures and/or requisite high-pressure postdilatlon with a noncompliant
balloon (16—18 atm or greater) are preferred by many to optimize stent expansion and are often required in
fibrocaicific lesions.—__,_—___.—..——-—-—--"—

C. in diffusely diseased vessels. consider implanting the stent at 10-12 atm to avoid edge dissections, and than
postdilate the stent at higher pressures using a short noncompliant balloon positioned within the stent margins.

__—_._—._-——-—— 

 

5, Strive for an optimal angiographic stent result. defined as

A. A residual stenosis (10%__________..._______.._._—

B. No edge dissection greatr than NHLBl type AM

C. TIMl grade 3 flow_________________—_____——_—-—————~——

D. Patency of all side branches 22.0 mm in diameter_________—__.—.—_ _W_____—__.—_—
E. Absence of distal thromboemboli, perforation, or other angiographic complications with associated chest

pain, electrocardicg raphic changIs, or hemodynamlc instability

 

—____.—.___———--

 

 

NHLBi, National Heart, Lung. and Blood |nstitute;TlMl,Thrombolysis in Myocardial Infarction.

Teleflex Ex. 2167

Medtronic v. Teleflex



 
Page 99

Teleflex Ex. 2167 
Medtronic v. Teleflex 

- WaitM

trial, routine high—pressure (17.0 aim) versus low—pressure
(9.9 atm) stent implantation resulted in greater initial and
odmonth follow—up minimal stent cross-sectional areas.Hz

More important than the actual deployment pressure is
the overall degree of expansion of the stent itself. inadequate
stent expansion has been linked to both stent thrombosis
as well as restenosisflmi“ The use of compliance charts

supplied by stent manufactures can be misleading. as they
reflect ex vivo sizing; in vivo, stent size is determined not

only by the inflation pressure but also by the compliance
of the vessel, and systematic undersizing of stents has been
observed when stents are assumed to be sized based upon
manufacturers‘ compliance charts?" Complete lesion cover-

age without edge dissections is also believed to be impor—
tant. as is the elimination of inflow and outflow stenoses that
can compromise flow and lead to stent thrombosis. implan-
tation of additional short stems may be required to cover

edge dissections and achieve optimal lumen dimensions.Hi
With optimal stent implantation technique, stent throm-
bosis should occur in no greater than 1% of patients."7
Although routine highlpressure stent implantation and high
balloon—toaartery ratios result in greater stent expansion and
optimize late outcomes, care must be taken to avoid edge
dissections and perforation.

The use of adjunctive imaging technologies including
IVUS and OCT (see Chapter 25) can often be helpful to the

operator in real time. These invasive imaging technologies
facilitate the accurate assessment of true (media-to-media)
vessel size prior to stent implantation, and can be useful post
deployment in assessing how well the stent has expanded
and whether there is any malapposition of stent struts. The
prospective data on the use of NUS—guided stent implantap
tion, however, is mixed,‘“"“ partially due to the high level
of experience of operators enrolling in trials of NUS-guid—
ance (these operators‘ stent implantation techniques are
often modified even in the absence of iVUS based upon their

knowledge of NUS-based parameters ofstent implantation).
There are emerging data on the use of other imaging tech-
nologies including OCT as an adjunct to stent implantation.
At present, lVUS (andfor OCT) is currently used in <10% of
patients undergoing stent implantation in the. United States,
a reflection of the learning curve this technique requires. dif-
ficulties in incorporating the information lVUS provides into
treatment decisions, logistic issues, and lack of widespread
reimbursement.

Like adjunctive imaging technologies, physiologic lesion
assessment (measurement of either coronary flow reserve or

PPR) has utility during coronary stent implant procedures (see
Chapter 24-). FFR can be used to identify the hemodynamic
significance of intermediate lesions, thereby providing direct
physiologic evidence to the operator who can then address
the suitability of the lesion for treatmeiit.”‘-”3 The use of an
F'FR-guidcd strategy of stent implantation for patients with
multivessel disease has been shown to improve outcomes

over an angiography—alone guided strategy in a randomized
clinical trial)” The use of FFR in the FAME trial was not only

associated with a lower rate of adverse events, but was also
less costly due to a greater number of deferred lesions in the
FER-guided group."is FFR can also be used to determine the
adequacy of stent implantation; an FF'R oi < 0.95 correlates
with an underdeployed stent by i‘J‘US,m5 Finally, FFR may
also be useful in provisional stenting approaches to identify
cases where distal or side—branch disease may be left alone,

thereby avoiding the use of an additional stent.m

Role of Plaque Modification Prior to
Coronary Stent Implantation
The amount of plaque present prior to and alter stent implan—
tation has been shown to be a strong determinant of sub-

sequent restenosis,I53 leading to the hypothesis that plaque
dehulking using either directional or rotational atherectomy
devices prior to stenting would enhance eventufrce survival,
Similarly, the circumferential extent of calcium is a strong
determinant of inadequate stent expansion,“9 and pilot stud-
ies initially demonstrated greater stent dimensions when
stenting was preceded by high—speed rotational atherec-
tomy.‘5“-15‘ Unfortunately, randomized trials have been unable
to demonstrate improved clinical or angiographic outcomes
with athercctomy prior to stent implantation compared with
stenting slottedm‘i3 particularly in light of the profound
effects of DES on reduction of restenosis.

At present, rotational atherectomy prior to stenting is
used in "niche" indications, primarily to treat heavily calci-
fied lesions or those resistant to balloon crossing or predila—
tation. In these cases, if rotational atherectomy is applied

safely and with good operator technique, this technique can
markedly improve the deliverability of coronary stems to the
target lesion. Directional atherectomy may still play a role in
selected cases of stenting in ostial. bifurcation, or left main
lesions to reduce plaque shift and subsequent side-branch
compromise (see Chapter 29), but at present, this technique
is reserved almost exclusively for the treatment of peripheral
arterial lesions [see Chapter 34-). Similarly, the major contem-

porary role for exeimer laser angioplasty is in the treatment
of peripheral arterial lesions and in rare cases for recalcitrant
coronary lesions or refractory stent underexpansion.

  COMPLICATIONS OF CORONARY
STENTING

Stunt Thrombosis

The most feared complication following stent placement is
stent thrombosis, which while fortunately rare (occurring in
«41.5% to 1% of patients within 1 year), in more than 80% of
patients presents as acute Ml. Treatment for stent thrombo-
sis is almost always emergent repeat PCI, although optimal
repel-fusion is only achieved in two—thirds of patients."‘" As
a result, stent thrombosis has been associated with 30-day

__—&
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mortality rates of 10% to 2596.15”5|5 Moreover, approximately
20% of patients with a first stent thrombosis experience a
recurrent stent thrombosis episode within 2 years.“7 Thus,
understanding and preventing this complication is of para—
mount importance.

The most widely utilized definition and timing classifi—
cation of stent thrombosis was developed by the Academic
Research Consortium (ARC),lfifl with definite or probable stent
thrombosis considered the best tradeol'l between sensitivity

and Specificity (Table 31.5). Stent thrombosis is also classified
as primary tilt is directly related to an implanted stent, or sec—
ondary if it occurs at the stent site after an intervening TLR
event. Primary stent thrombosis after EMS typically occurs
within the first 30 days after implantation, although rarely

can occur latenl“ in contrast, primary stent thrombosis after
DES can occur years afterward, with an annual incidence of

0.2% to 0.3% in patients with noncomplex coronary artery
diseased”171 and 0.4% to 0.6% after unrestricted use, particu-

larly with first-generation DES (Figure 31. 141mm Thus, pri-
mary stent thrombosis rates during long—term follow-up are

higher with most DES than EMS, with the differences emerg-
ing predominately beyond the first year after implantm
However, after taking into account secondary stent throm-
botic events after TLR procedures for restenosis (which occur
more commonly after EMS than DES), the overall incidence
of stent thrombosis (primary plus secondary) does not seem
to be increased with DES compared to EMS,”3 and the overall
late rates of death and MI have been similar with DES and

EMS.” From a clinical perspective, the benefits of DES in
reducing restcnosis and subsequerit MACE have been dem-
onstrated to offset the small excess risk ollate primary stent

thrombosis with DES in an analysis of patients enrolled in the
pivotal PES approval trials.174 Additionally, given the results

Classification

of longer-term follow-up with second-generation devices
including EES, 213503), and BES, which have demonstrated

low rates of stent thrombosis compared to first~gcneration
DES, whether these devices have the ability to further reduce
stent thrombosis rates compared to EMS”: is an area of active
investigation.

The mechanisms underlying stent thrombosis are mul-
tifactorial (Table 31.6), and include patient-related factors,
procedural factors (including stent choice), and postproce-
dural factors (including type and duration of antiplatelet ther—
apy).”5 Stent thrombosis occurs more frequently in complex
patients and lesions, especially in patients with acute coro-
nary syndromes and thrombotic lesions, diabetes, renal insuf-
ficiency, diffuse disease, small vessels, and bifurcation lesions
requiring multiple 5tents.“7‘1‘5“°G-"“’“ Variability in the anti-
platelet response to clopidogrel (either identified through
loss-of—lunction mutations to the enzyme responsible for con-
version of clopidogrel to its active metabolitem’ or through
testing of platelet responsiveness‘a”) has been identified as
an independent risk factor for early stent thrombosis. While
more potent dual antiplatelet therapies such as higher—dose
clopidogrel, prasugrel, or ticagrelor can reduce the incidence
of stent thrombosis, particularly in those at risk for resis—

tance,‘“"““ these regimens are also associated with a greater
risk of bleeding complications, and their use in unselected

patients undergoing PCl is at present unproven.“ It is thus
essential to carefully consider the individual patients tislt of
stent thrombosis (and MI) compared to bleeding before using
these regimens. '

Procedural factors associated with stent thrombosis

include the stent type selected (whether BMS or DES, and
even the specific DES used), as well as whether the stent is

adequately expanded and apposed to the vessel wall and is

 

 

 

 

 

 

   

   

Definite An acute coronary syndrome with angiographlc or autopsy evidence of thrombus or occlusion
within or adiacent to a stent.

Probable Unexplained death within 30 cl after stent implantation or acute myocardial infarction involving the
target-vessel territory without angiographic confirmation.

Possible Any unexplained death beyond 30 d after the procedure.

Timing —

flours Within 24 h (excludes events vvithin the catheterlzetion laboratory)
Subacute 1-30 at

Early Within 30 d

Late ”W30 d-1 y

Vary late After 1 y 
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Cumulative Incidence of ARC Doiinite/
Probable StsntThrombosis over

4 years after first-generation drug-
eluting stents. Data are shown from
pivotal ”on—label" analyses (denoted
by “SES and PES pooled analyses,"
Mauri et al., NEJM 299?) as WIII as
from unselected use from two clinical
centers (denoted by "Born-Rotter-
dam'.’ Wenaweser et at. JACC 2008).
SEE, sirolirnus-eluting stent; PES.
paclltaxel-eluting stent.

 

placed in a vessel with sufficient "runoff" to support adequate
flow through the stent.133'm Hypersensitivity reactions to the
DES polymer and vascular inflammation have been associ—
ated with stent thrombosis.“-ma Some DES polymers (par“

ticularly those not specifically designed for hiocompatibility)
may be inherently thrombogenic. and prone to webbing and
peeling, serving as a nidus for thrombosis Strut fractures
(which occur most commonly with stainless steel closed

cell stent designs. such as SE5. especially with overlapping
stents in the right coronary arterym‘i-190 have been pathologi—
cally and occasionally clinically linked to stent thrombov
sis)“ Whether late acquired stent malapposition is a cause
of late stent thrombosis, or merely a reflection of underlying

vascular toxicity to the drug or polymer with positive ves-

sel remodeling is uncertainm'm it is also uncertain whether
tnalapposition alone (in the absence of underexpansion] is a.
determinant of late stent thrombosis. The most commonly

proposed explanation underlying the increased rate of very
late primary stent thrombosis with DES compared to EMS is
delayed or absent endothelialization of stent struts. Virmani
et al. first observed from autopsy studies that EMS strut endo—
thelializarion is 100% complete by 6 months. whereas DES
never achieve >50% endothelial cell strut coverage, even

beyond 3 years after implantation.""‘ Similar findings have
been reported in vivo with angioscopym as well as by OCT.55
Finally. a recently reported observation is that some cases of
very late stent thrombosis may be due to the development of
neoatherosclerosis within stents with new plaque rupture.”

 

The rates of stent thrombosis may be decreasing with

improvements in stent technology, imaging. and adjunct
pharmacology. A large nonrandomized propensity—controlled
study has suggested that NUS guidance may reduce stent
thrombosis at both 30 days and 1 year.” As discussed above.
less reactive and biocompatible polymers and improvements

in stent design have significantly reduced the rates of early
(EESJ and late (HES. ZESCE), and BES) stent thrombosis.

The role of potent antiplatelct therapy for the prevention of
stent thrombosis, particularly in the early phase. is well estab—
lished.”'"i"”“"mu While observational studies have uniformly

documented that premature thienopyridine discontinuation
within 6 months after DES placement is strongly associated
with stent thrombosis.““~1“1 whether prolonged dual anti—

platelet therapy beyond this time reduces stent thrombosis
and/or death and Mi is unknown. with some studies to sup—

port of this hypothesismum and others againstm'“15 In this
regard the potential benefits of prolonged dual antiplatelet
therapy, including the prevention of stent-related and non—
stent atherosclerosis-related adverse events must be weighed

against the persistent rislt of ongoing major bleeding with
combination. therapy.

Three published randomized trials have tested this
hypothesis (Figure 31.15). In the pooled REAL-LATE/
ZESTwLATE trial. 2.701 patents who were MACE-free for at
least '1 year after DES (SE5, PBS. or ZES) were randomized
to an additional 2 years of clopidogrel along with aspirin

or aspirin alone.“36 There were no significant differences
between the two groups in the late occurrence of the pri‘
mary endpoint or cardiac death or M1, or of definite stent
thrombosis. and paradoxically the composite endpoint of
all-cause death. Mi. or stroke was increased with prolonged

clopidogrel use. The PRODIIGY trial randomized 2,013
slented patients (treated with EMS. ZEStE). SE5. or PBS)
to 6 versus 24 months of dual antiplatelet therapy with

aspirin and clopidogtel. and demonstrated similar rates of
adverse ischemic events (including stent thrombosis) with

both strategies. and a greater incidence of hemorrhagic
complications with extended duration therapy?” Finally.
the EXCELLENT trial randomized 1.443 patients after DES

implantation [with SE5 or EES) to 6 versus 12 months of
dual antiplatelet therapy. and also demonstrated similar
rates of ischemic events. including stent thrombosis, with

both strategies.ma The event rates from each of these stud—
ies. however. are small. and therefore none of these stud4

tea are adequately powered to demonstrate definitively the
most optimal duration of dual antiplatelet therapy follow-
ing DES implantation. Several additional randomized trials
are ongoing to address the relative safety and efficacy of prev
longed dual antiplntelet therapy, the largest and most means
ingful of which is the ‘Dual Antiplatelet Therapy (DAP'I')
Study. in which 20.645 patients free from MACE 1 year after
SE5, PES, SEES. or 2E5 implantation are being randomized
to aspirin alone or aspirin plus a thienopyridine (either
clopidogrel or prasugrel). with follow—up for an additional
18 months.“
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Patient-related factors relating to increased thrombogenecity:  

I Smoking

 

  

._ I Diabetes
 
I Chronic kidney disease  

I Acute coronary syndrome presentation 

I I Thrombocytosis 

M

 

- I High posttreatrnent platelet reactivity —___—_—...—--——-—

I Premature discontinuation or cessation of dual antiplatelet therapy   

I Surgical procedures (unrelated to the PCI)   —____,—._——-—A—-—fi—

lesion-based factors relating to adverse rheology/thrombogenicity within stents:  

I Diffuse coronary artery disease with long—stented segments 

I Small vessel disease

__.—_.—.—-—_

_—,—._—-_-———

—_—__—___—_,—.._—__—___—._—_————
I Bifurcation disease

__—_____—___"—__—._~—_.—-———__—u__—_—__
I Thrombus-containing lesions

I Significant inflow or outflow lesions proximal or distal to the stented segment 

Stem—related factors: 

I Poor stent expansion

 _u—-—————

__,.,.—__—____—__—__—_..—.—————--
  

I Edge dissections limiting inflow or outflow 

I Delayed or absent endothelialization of stent struts

I Thicker stent struts
_._—..—.._—-———-—"—-"———"—-

I Hypersensitivity/inflammetory and/or thrombotic reactions to specific DES polymers (N.B. specific polymers may
have a protective effect) 

I Strut fractures 

I Late malappositionfaneurysm formation

—m—_—___—__,_—.—_—_———-———

_.—...—————-——--—-—‘—'—“—__"—"F

I Development of neoatherosclerosis within stents with new plaque rupture

Treatment of Stent Thrombosis

Prompt reperfusion is critical when treating stent thrombo-
sis, particularly when it presents as acute ST—elevation Ml.
While stent thrombotic events can be treated with fibrlnolytic

therapy, emergent PCI is typically the rule. Stent thrombosis
may be treated with emergent thrombectomv (either aspired
tion or mechanical) or with balloon angioplasty alone, often

in conjunction with administration of more potent antiplate-
let regimens including glycoprotein Illa/111a inhibitors.m The
placement of additional stents should usually be avoided
unless a mechanical reason for the initial thrombotic event

is ascertained (2.3. edge dissection or residual untreated dis-
ease). The use of adjunctive imaging such as NUS or OCT
will often reveal a possible cause of stent thrombosis, such

as stent underexpansion or malapposition. residual dissec-
tion. or significant inflow or outflow stencsis, and is thus
recommended following Lhrombectorny. in the absence
of a mechanical cause, hematologic evaluation should be

performed to exclude a hypercoagulable state (including
resistance to aspirin or clopidogrel) or thrombocytosis. Main-
tenance antiplatelet therapy is typically escalated in cases of
stent thrombosis Leg. clopidogrel is switched to prasugrel or

ticagrelor, or cilostazol is added).

Restenosis

Restenosis is most commonly defined as renarrowing to a
diameter stenosis 2:5096, either within the stent or within
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nOutcomes in three randomized trials of extended-duration dual antipletelet therapy versus
standard—do ration therapy after stenting.

5 mm proximal or distal to the stent margin. By increasing
acute luminal gain”-” and eliminating late recoil and nega-
tive vessel remodeling,m BMS reduce the rates of restenosis

compared to balloon arr-igioplastyfi'7 However, stents induce
more arterial injury than stand-alone balloon angioplasLy.
and therefore elicit a greater absolute amount of oeointirnal

hyperplasia developing over the first 6 to 12 months after the
procedure}11 As a result. EMS result in binary angiographic
restenosis in 20% to 40% of lesions (with even higher rates
observed depending on patient and lesion complexity).
While restenosis most commonly presents With stable angina
and exercisepinduccd ischemia within 1 year of stent implan-
tation. it has become increasingly recognised that restenosis
presents as an acute coronary syndrome in as many as 25% of
patients. occasionally even with STEMLm‘m

The causes of restenosis after stent implantation are mul—
tifactorial. In addition to excessive late neointimal hyperpla—
sia. restenosis after EMS and DES has been associated with

stem unclerexpansion.““‘m edge dissections. and residual
untreated cliseasefll-lIE geographic miss.2m and strut frac-
tures.““'-""-"’-ml Some”‘1 but not slim»223 studies have found an

association between nickel allergy and restenosis after EMS
or DES. Genetic mutations in the genes encoding mTOR or

polymorphisms in the genes encoding proteins involved in
paclitaxel metabolism may result in resistance to SES and PBS
respectively.mus Other genetic polymorphisms have also
been associated with restcnosis.flfi'm Excessive inflammation

from first-genera Lion DES polymers (specifically eosinophilic
reactions to PES and granulomatous reactions to SE5) may
provoke late resienosis.“223

Numerous studies have demonstrated that the most

reproducible determinates of restenosis after EMS implanta—
tion are the presence of diabetes mellitus (especially ifinsulin
is required). small RVD. and long lesion length.”m Other
factors associated with restenosis are treatment of ostial and}

or calcified lesions. true bifurcation lesions requiring main
vessel and side branch stents. CTOs. and SVGSF“ The same

factors are associated with (relatively) higher rates of DES

restenosls, although to a lesser absolute scale because of the
profound effects of DES in limiting the intimal hyperplastic

response to stem implantation. Angiogr’aphic and clinical
restenosis (as well as death. M1, and stent thrombosis) after

DIES occurs less frequently in FDA-approved “ on—label" lesions
(generally noncomplex lesions for which safety and efficacy
have been established by large-scale randomized trials) than
in less studied and more complex “off-label" lesions.”m
although in nearly all cases DES have been shown to reduce
TLR compared to BMS.”~””'-m As discussed above. newer
DES platforms (especially EES, ZES(R). and BEE) have been
shown to possess improved efficacy and safety. In addition. by
facilitating the operator's ability to achieve larger lumen areas.
IVUS may reduce restenosis and improve clinical outcomes
after EMS.2mm No randomized trial has been adequately

powered to demonstrate a reduction in TLR with lVUS after
DES implantation, although the recently reported AVID trial
demonstrated that the postprocedural minimal lttminal diam—

eter was significantly greater with WUS guidance}51
The incidence of angiographic restenosis after EMS

implantation peaks within approximately 6 months; thereafr
ter, continued organization of the extracellular matrix results

in slight luminal enlargement. and serial angiographic and
IVUS studies have rarely shown late restertosisfw‘2 More

recently late neoatherosclerosis with plaque rupture within
the stented segment has been described as a possible cause
of restenosis occurring years after EMS.m In contrast. a
small amount of incremental angiographic late loss has been
described for several years after SES and HES implantation.

although reports on very late loss after PES have been con-
flictingfl°°~mm These observations imply the existence of
lowdgrade chronic vascular inflammation from either the
polymer or lack of healing. However. when compared to their
EMS counterparts (or with EES versus PBS in the SPlRIT tri—
als}. there has been little evidence demonstrating late 1055
to be of clinical relevance during extended follow-up of 2 to

5 years.mll""lw-‘ll‘l'l‘l'3'151 1n the largest randomized trial exam-
ining the issue of "late catch-up" (SIRTAX), 1.012 patients
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were randomized to PBS versus SES and followcd for 5 years

With angiographic folloW—up performed systematically at
8 months and 5 years,”0 Incremental late loss between these
two time periods occurred with both stems. although more
so with SES than PES. At 1 year the rate of TLR was less
with SE5 than PBS. a benefit that was somewhat mitigated

at 5 years. However, because routine angiographic follow-up
was performed at regular intervals in this trial. the degree
to which routine angiographic follow—up itself {rather than
true clinical restenosis events) triggered late TLR procedures
is unknown.“Mi Nonetheless, a small degree of angiographic

late loss may he expected with durable polymer—based. DES,
and may contribute to late adverse events in a small propor-
tion of patients.

Patients who develop in—stent restenosis are at high rislt
for recurrence after percutaneous treatment, especially if the

pattern of restenosis is diffuse.““” WUS andJor OCT imag—
ing is highly useful in patients with restenosis to di‘fferonu
tiate neointimal hyperplasia from stent underexpansion,
geographic miss, strut fracture. and other rare occurrences
such as chronic recoil and stem embolization which require

directed approaches to successfully manage?“ Isolated reste—
nosis at the stent edge can often be effectively treated with
balloon angioplasty only or an additional short stent. Treat—

ment options for diffuse EMS restenosis due to neointimal
hyperplasia have been extensively studied. in the EMS era,
neither cutting balloons, directional or rotational atherec-
torny, nor repeat EMS proved better than balloon angioplasty
for diffuse in-stent restenosis.m However, in selected cases.

the use of a cutting balloon or another force—focused device

may be useful in that it minimizes balloon slipping and

potentially affords a better initial angiographic result. Vascu—
lar brachytherapy with either locally applied beta or gamma
radiation was effective in reducing recurrent reste nosis within

1 yearfifii-m but was logistically complex, and the resultant
vascular toxicity with prolonged inflammation and oblitera-
tion of normal cell lines resulted in high rates of late stent

thrombosis (especially when new EMS Were implanted) and
restenosis.mv1"’ Following the introduction of DES, two mul—
ticenter randomized trials demonstrated that SES and P135

significantly reduced angiographic rcstenosis and improved
event-free survival compared to either beta or gamma vas-

cular brachytherapy in patients with EMS restenosis.15°'m
Treatment of in-stent restenosis with DES has been shown to

be superior to balloon angioplasty alone in the randomized
EAR-DESIRE trial.“ Angiographic follow-up at 6 months
demonstrated recurrent restenosis after balloon angioplasty

in 44.6% of patients versus 14.3% for SES (P < 0.001) and
21.7% for PES (P = 0.001), with TVR rates of 33%, 8%, and

MW: respectively (P 4 0.001 and P = 0.02 compared to bal-
loon angioplasty, respectively). Based on the results of this
and other trials, DES (With either FEE or —limus analogue
stems) has become the standard of care for nearly all cases of

EMS restenosis due to intimal hyperplasia. For patients who
are refractory to PCI-based strategies to treat restenosis, coro—
nary artery bypass grafting (CABG) should be considered.
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The optimal treatment for DES restcnosis typically
involves treatment with a second DES. (An emerging strata

egy to treat both EMS and DES restenosis is the use of drug—
eluting balloons, which are presently not approved for use
in the United States”). Compared to EMS restenosis, DES
restenosis (particularly with more potent DES) tends to
be focal and is diffuse in less than one-quarter of patients.

If the stenosis is isolated to the margin or the stent, or is
focal within the stent, either balloon angioplasty or implan—
tation of a short DES is often selected. Management of dif-
fuse DES restenosis has been less studied. in the CRISTAL

trial, 197 patients with diffuse restenosifi (mean length “"14
turn) of either an SE5 or PES were randomized to treat—
ment with SES versus balloon angioplasty?“ Followup
at 12 months demonstrated a significantly larger mini-
mal lumen diameter (MLD) with SES compared to balloon

angioplasty only (2.14 1“ 0.62 mm versus 1.71 i 0.55 mm,
P < 0.0001), With a trend toward less 'I‘LR (5.9% versus

13.1%, P = 0.10). Many operators consider diffuse inrstent
restenosis after DES (if lVUS demonstrates adequate stenl:

expansion) to represent “drug failure" and will treat with a
different class of agent (cg. PES after 5E5 failure}. However,
in the lSAR—DESIRE-Z trial, +50 patients with SES resteno-
sis were randomized to SE5 versus PES.m At 6 to 3—month

follow-up there were no differences between SES and PES in
late loss (0.40 is 0.65 mm versus 0.38 i 0.59 mm; P = 0.85),

binary restenosis (19.6% versus 20.6%; P = 0.69), or TLR
(16.6% versus 14.6%; P = 0.52).

Some operators have adopted a strategy of balloon

angioplasty for focal restenotic lesions. and DES use for
more diffuse restenotic lesions. in a randomized trial (N =

162 patients) of cutting balloon angioplasty versus SE5 for
focal (£10 mm) restcnotic lesions and 5135 versus EES for
diffuse (>10 mm) restenotic lesions, use of SES was shown

to reduce restenosis compared to cutting balloon angioplasty
(3.1% versus 20.6%, P = 0.06) for focal lesions, with no dif-
ferences observed between SES and EES for more diffuse

lesions?” Finally, recurrent diffuse DES restenosis represents

a major clinical challenge. Options that may be considered
include cilostazol,1““ brach‘ytherapy,m and oral rapari‘tiflztirt.m

Ultimately, CABG surgery may be required in patients with
recurrent DES rcstenosis.

Other Complications of Coronary
Stent Implantation
A review of all complications that can occur during or after PCl
is beyond the scope of this chapter (see Chapters 4- and 28).
However, several risks that are unique to or are increased

in frequency with coronary stenting compared with balloon
angioplasty should be appreciated.

Side Branch Compromise/Occlusion
Side branch compromise after stent implantation most com—
monly results from. shifting ofplaque duringstertt deployment
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or high-pressure dilatation (though coronary spasm may
contribute]. This has been termed the “snowplow” effect.
The incidence of side branch compromise after coronary

stent implantation is greater than after balloon angioplasty
alonellw“ Side branch compromise and/or occlusion occurs

with a greater frequency when both the parent vessel and side
branch are diseased.m Stem-induced occlusion of a large Side

branch may result in significant myocardial ischemia and
infarction, though in most patients the long-term prognosis is
excellent, and most initially occluded side branches are pat-

ent at late angiographic follow—upmm
Side branch compromise andJor ocelusion should be

anticipated whenever a stent is placed across a bifurcation.
If the side branch is large (22.5 mm in diameter). or is 22.0
mm in diameter and diseased at its ostium, it should be pro-
tected with a second guidewire prior to PCI. Many operators
elect to wire and protect all side branches 3:15 to 2.0 mm

using a "keep—it—open" strategy in order to avoid loss of any
side branches. if the origin of the branch is narrowed, it is

often beneficial to predilate it prior to stem implantation in
the main branch, although this approach can increase the

necessity ofa second stent in the side branch, particularly ifit
results in dissection of the side branch osrium. Predilation of

bifurcations are most commonly performed with conventional

balloon angioplasty, but alternatives include use of focused
force devices or debulking techniques such as atherectomy,

although these approaches have not been clearly shown to
preserve side branch patency beyond that achieved by bale
loon angioplasty alone. Once the side branch is protected
with a second wire (and predilated if necessary). a stent may
be placed in the main vessel across the branch origin, tempo—
rarily "jailing” the Wire. This usually presentes patency of the
side branch should occlusion otherwise occur and serves as a

locator for the side branch origin.ml 11' additional angioltlasly
is planned, a third wire should then be passed through the
slant struts into the narrowed side branch, after which the

jailed wire is removed. The likelihood of a jailed wire becom-

ing “stuck" is rare if the parent vessel stenr is implanted at
512 arm of pressure, but jailing a long segment of wire in
the parent vessel should be avoided, and hydrophilic wires
should be used cautiously because of the risk of stripping the

polymer coating on its withdrawal. Alternatively, if there is
minimal narrowing at the origin of the side branch at baseline
or after balloon dilatation, a stenL may be placed in the main
vessel across the side branch origin with the Option ol'wiring
the side branch should it become compromised after stent
placement.

If the side branch significantly narrows after predila—
taiion of either limb of the bifurcation, or the result is not

acceptable after predilatation [which typically depends on the

plaque burden, extent of calcification, and angle or origin of
the side branch from the: parent), a second stent should be
implanted in the side branch using one of numerous tech—

niques. “With all these dual-strut techniques, however, the
stent thrombosis rate is increased compared with a single—

stent approach, and the restenosls rate within the second

stem. at the side branch origin is increased compared relative
to the main branch (even with DES). As such, the single-stem

strategy is preferable ifan acceptable balloon-only (or simple
jailed Wire) result in the side branch can be obtained.177

Stent Embolization

Embollzation of the stent [tom the stent delivery system may
occur during antegrade passage in a fibrocalcific or tortuous
vessel, or upon withdrawal of the device after failure to cross
a lesion (often when the edge of the stent snags on. the tip of

the guide catheter or on another plaque proximal to the lesion
itself). Risk factors for stent embolization include heavy ves—
sel calcification, pronounced vessel tortuosity, diffuse disease,

and attempting to deliver a stem to a distal lesion through

a previously implanted proximal stencil” When the original
Palmaz—Schatz stent was hand-mountccl on a conventional

angioplasty balloon and no sheath was used, stent. emboliza~
Lion occurred in 8.4% of patients." Over the years, the devel-

opment of tighter stent-to—balloon crimping processes in
content with lower-profile, more flexible devices has resulted
in the incidence of this complication decreasing to £196 to
296,3”lilo Stem embolization into the peripheral vasculature
usually has no adverse clinical sequelae, but may rarely cause
limb ischemia or a cerebrovascular event. Conversely, intra-

coronary stem embolizatiort is associated with significant
rates of coronary thrombosis, coronary artery occlusion,
and subsequent M1, with mortality rates as high as 17%. If
the stent can. be removed through percutaneous (nonsurgi-

cal) techniques, the majority of patients have a satisfactory
outcoine.m"m

Success rates for percutancous retrieval of lost stean from
the coronary tree have ranged from 40% to 70% of patients in
contemporary series.”""‘“""‘“ There are several basic strategies
that can be employed to address stent embolization. If the
coronary guidewire is still through the stent and has been
maintained in the distal coronary artery, a low-profile balloon
can sometimes be advanced through the stent, allowing the

stem to be repositioned across the target lesion and expanded.
If the stem cannot be repositioned, the balloon can be placed
distal to the stent and inflated to trap the stent between the

balloon and guiding catheter, and then all components can
be withdrawn together into the femoral sheath. If guidewite

position has been lost and the unexpanded stent is located in
a proximal portion of the coronary artery or has entbolized
into a peripheral artery, it can sometimes be removeri using
snare devices or forceps. If the stent is displaced from the wire

more distally within the artery, a snare or series of wires can
be wrapped around it to attempt to ensnare it. Alternatively,
a second stem may be expanded adjacent to the dislodged

stent to trap and crush it against the vessel wall, effectively
excluding it from the lumen. 1f the stent cannot be removed
or effectively “excluded" from the coronary lumen, strong
consideration should be given to coronary artery bypass sur—

gery (with possible retrieval of the stent), although high mor-
tality rates have. been described in this situation.
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Coronary Perforation

Although the routine use of high-pressure postdilata—

tion improves stent expansion, the significant barotranma
imparted to the vessel may result in frank perforation, par—

ticularly if oversized or particularly compliant balloons are
used either for deployment or postdilation. In a retrospective
analysis, Ellis and colleagues documented a 05% incidence

of perforation among 12,900 procedures?” From most con-
temporary series with stents, perforation has been reported in

0.2% to 1.0% of patients. though mild perforations are likely
underreported. Risk factors for perforation include female
gender, advanced age1 lesion calcification and angulation,
C‘I‘Os, and adjunctive atherectomy used“ Device oversizing
is also a risk for perforation} Colombo reported that the use
of markedly oversized balloons (balloon—to—artery ratio 3-1.2
in the absence of lVUS guidance) has a risk of perforation and
Vessel rupture ranging from 1.2% to 3.0%,”

An angiographic classification of the severity of coronary
artery perforation has proven useful in determining progno-
sis and guiding treatrrietit.12 A iypel or concealed perforation
is the most CDmlflOfl. type, and usually requires observation
in case delayed tamponade occurs, but no additional specific

therapeutic measures. A type it or limited perforation usu-
ally appears as a stain or blush at Lhe site of the arterial tear,

and can usually be managed with prolonged balloon infla-
tions with or without reversal of anticoagulation. Serial echo—
cardiography, both immediately postprocedure and 24 hours

later is indicated to ensure the absence of a growing pericar-
dial effusion. Of note, patients with a history of prior bypass

surgery usually have extensive mediastinal adhesions. and
perforations are rarely greater than type ll. Type III or free-
flowing perforations typically appear as continuous jetlike

dye extravasation and may rapidly result in hypotension and
tamponadc requiring emergency pericardiocentcsis. When

a type III perforation is visualized, the angioplasty balloon
should immediately be inflated at the site of coronary rupture
to obtain immediate hemostasis.

Most small perforations can be sealed with prolonged
balloon inflations and reversal of unfractionated heparin anti-
coagulation with protamine, unless a platelet glycoprotetn
llbfllla receptor antagonist has been given?“ If the perfora-
tion is not readily closed with these measures and is severe,
pericardiocentesis with drain placement should be performed
to treatjprevent pericardial tamponade, and deployment of
PTFE-covered stents provides reliable sealing, usually obvi-
ating the need for emergency surgery. Given their porous
nature, two overlapping FIFE-covered stent grafts may occa-
Sionally be required for hemostasis. Additionally. because
these devices are prone to higher rates of restenosis and/or
stent thrombosis, high-pressure postdilation is critical to
optimize their results. even if the perforation is sealed. if a
stent graft is unable to he delivered to the site of the perfora—
firm (as theSe are bulity devices], emergency surgery is usus
ally required, though the associated rates of morbidity and

mortality in this setting are high.

Infections Endarteritis

Placement of a foreign body endovascular prosthesis car-
ries the rare, albeit theoretical, rislt of bacterial endarteritis.

in an experimental porcine model, following the induction

of transient bacteremia, a significant number of recently
placed coronary stents cultured positive for bacteria?“ The

risk of suppurative endarteritts in stented coronary arteries is
extremely rare, however, with only a handful of documented
cases in the literature.‘”“7 Although periprocedural antibi—

otic therapy is thus not routinely recommended, antibiotic
prophylaxis may be considered if sterile technique has been
breached or ii the patient requires invasive. procedures associ-
ated with transient bacteremia during the first 4 weeks follow—
ing stenting, though the utility of this approach has never been
demonstrated.

Allergic Reactions

Allergic reactions following coronary stent implantation are
rare, and can result from allergy to either contrast dye used
during the stern procedure, the antiplatelet regimen admin—
istered, or in even rarer cases, to the stent device itself. The

majority ofallergic reactions to contrast dye and the antiplate—

let regimen can. be managed with the use of antihistamines
and corticosteroids; in the case of allergy to the antiplatelet
regimen, there is a low rate ofcrosswrcactivity between agents,

and switching to a different agent (rag. prasugt‘el or ticagrttu
lor) can eliminate the symptoms. With respect to the stent
device itself, there do not appear to be adverse reactions to
stent implantation even in patients with a history of a metal
allergy in a series of 29 allergic patients who underwent coro—

nary stent implantation, similar rates of adverse clinical out-
comes were observed when compared to a matched patient

population. without metal allergy?“

STENT USAGE IN SPECIFIC

PATIENTS AND LESIONS 
Acute ST-Sagmemt Elevation

Myocardial Infarction (See Chapter 30)
Prompt reperfusion with either fibrinolytic therapy or PCI
has been demonstrated to improve myocardial salvage and

reduce mortality for patients with acute STEMI. Compared
to fibrinolytic therapy, timely reperfusion with PCI results in
itnproVed myocardial salvage and reduced rates of recurrent
ischemia1 reinfarction, stroke, and death?” Several studies

have examined the use of stems compared to balloon angio-

plasty in patients with STEMI. in a metaanalysis of studies
comparing the use of EMS with balloon angioplasty alone1

implantation of EMS in S‘l‘EMl was shown to result in simi-
lar rates of mortality and reinfarction, but reduced rates of
TVR (Figure 31.16129” In light of these results and the fact
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Bare metal Balloon FlFl RR

30d§yevents stents angioplasty [95%CI] [95%Cl] p0.97

Modality Mortality 3.0% [0.743271 0.83

Fielrifarctlon 2.0% 2.2% [0.5%.91227] 0.51
0.60

TVFi 3.1% 5.1 % [0,473.77] 0.0001
6—1 2 month events .0.98

Mortality 5.1% 5.2% [0'79“1'101 0.32 ,
0.94

Ftelnlarctlort 3.7% 3.9% [fl-74.1.20] 0.61
0.62

TVR 11.3% 10 4% [0.55.069] <0.00010 0.5 1 1.5 2

EMS batter F'TCA better
 

_Metaanelysis from 13 randomized controlled trials of bare-metal stents compared to balloon angio—
plasty in acute myocardial infarction in 6,922 patients (adapted from De Luca et al.. int J Cardiol
2008}.TVFt. target vessel rsvaseularization.

that stent implantation can optimize acute procedural results
(maximizing lumen gain, and reducing abrupt closure and}
or recoil). stents are used in the vast majority of cases of PCI

for STEMI today. However. stent implantation within or adja-
cent to a fibroatheroma may result in delayed endothelializa—

don.”l and appropriate stent sizing can be difficult in cases
of STEMI due to recent occlusion of the vessel with resulting

layering thrombus, distal vessel spasm. and a desire to not
oversize stents for fear of no reflow and distal embolization.

These factors, combined with the heightened thrombotic

state of patients with STEMI, are potential explanations for
the relatively higher rates of stent thrombosis that have been
reported after stent implantation in STEMIPZW although
this risk can be somewhat ameliorated with more potent anti.-

piatelet agents.1mm
Following the introduction of DES, there have been at

least 15 randomized trials comparing the use of DES versus

EMS in patients with STEMI. The largest of these trials was
the HDRIZONSuAMI trial. which randomized 3,002 patients

with evolving STEMI to PES(E) versus EMS at 123 inter—
national centers."“'“5 The primary efficacy and safety end-

points were the 12-month rates of isehemimdrivert TLR and
MACE {a composite of death, reinforction, stroke. or stem
thrombosis). respectively. Routine angiographic follow-

up at 13 months (beyond the primary endpoint) was per-
formed in 1,249 patients. At 12 months, PES compared to
EMS reduced the rates of ischemia-driven TLR (4.5% versus

75%. HR (95% confidence intewal {CI} = 0.59 [0.43, 0.83],
P = 0.002) with similar rates of MACE (8.1% versus 8.0%,
HR [95% CI] = 1.02 [0.76, 1.36l, P 2 0.92). The 13-month

rates of angiographic binary rcstenosis were reduced from
22.9% with EMS to 10.0% with PES (RR [95% C1] = 0.4-4-

[0.33, 0.57], P < 0.001). ln-stent late 1055 was reduced with
PES from 0.02 i 0.70 mm to 0.41 i 0.64 mm (P <2 0.001),
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with comparable rates of infarct artery reocclusion, ulcer—
ation. ectasia, and aneurysm formation between the two stent

types. The greatest reduction in TLR was evident in patients
with one or more risk factors for restenosis (RVD (3.0 mm.

lesion length 3-30 mm, or insulin—treated diabetes mellitus),

whereas patients without any of these variables had similarly
low rates of TLR with EMS as with PIES?"fl Clinical follow-up

from HORIZONS—AMI at 3 years has been reported,191 and

demonstrated nonsignificantly different rates of death, rein-
farction. stent thrombosis, and MACE with FEB and EMS. At

3 years TLR was reduced from 15.1% with EMS to 9.4% with
PBS (HR [95% C1] = 0.60 [0.48, 0.76], P < 0.001), although
the absolute benefit of PBS was less pronounced in patients
in whom routine angiographic follow—up was not performed
(12.7% with EMS versus 8.7% with PES, HR [95% CI} = 0.67
[0.48, 0.931, P = 0.01).

The findings irom HORIZONS—AM] parallel the annals
gameted experience of randomized trials of DES versus EMS
in STEMI. Collectively enrolling almost 3,000 patients, and
with follow-up ranging from 3 to 5 years. these trials have
demonstrated similar rates of death, reinfarction, and stent

thrombosis with both stent types. and relative reductions
in TVR with. DES compared to BMSFW'm Of note, the most

updated metaanalysis of these trials demonstrated a signifi—
cant interaction between DES versus EMS use and time with

respect to the endpoint of stent thrombosis: DES were asso—
ciated with a greater risk of very late (but not overall) stent
thrombosis.m Additionally, while the rates of angiographio
and clinical restenosis (TLR or TVR) have been consistently

reduced with DES compared to EMS in STElef” many of
these studies incorporated routine angiographic follow-up.

which may artificially overestimate the absolute benefits
of DES compared to EMS (the "oculosuanotic reflex").’““°°
Further, the overall rates of events related to restenosis are
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typically lower among patients with STEMI. partly due to
the lesion composition (favoring thrombus over plaquc) and
also because restenosis in an infarctetl territory is less likely
to manifest clinically. As such, the overall clinical benefit of
DES relative to EMS is somewhat attenuated on an absolute

levelI and is determined by the patient‘s baseline risk of reste—
nosis (Figure 31_17)_29a Due to the thrombotic risk of these

patients, maintenance of dual antiplatelet therapy is of par-
ticular importance among STEMI patients, in whom future
adherence with antiplatelct medications may be difficult to

assess. Premature discontinuation of dual antiplatelet ther-
apy within 1 year after DES implantation in STEMI has been
strongly asmciatecl with subsequent mortality.mu As such.
a detailed risk—benefit analysis of DES versus EMS use in
STEM] is warranted.

Patients with Diabetes Mellitus

Patients with diabetes have higher rates of angiographic
and clinical restenosis than those without diabetesmv‘“ In

general, the pivotal trials in which DES were randomized to
EMS revealed comparable relative safety and efficacy with

DES in patients with diabetes compared to those without
diabetes, although with greater absolute reductions in TLR

and TVR in diabetic patients given their higher baseline
risltFmd'J3 As a result, DES are typically favored for coronary
revascularization over EMS, if PCI is chosen as a revascular—

ization strategy.
The most appropriate choice of specific DES among

patients with diabetes is unknown. Most prior studies have
shown comparable rates of in-stent late loss with PES in
patients with diabetes versus those without diabetes,3m sug~
gesting that the multiple pathways with which paclitaxel
interferes with restenosis [by affecting microtubular function)
makes its action relatively independent of the diabetic state)”

I Hate metal stenl

 
 
 

  
  
   

  

 

  

 

Considerable controversy has existed, however, Whether the
greater suppression of late loss from stents which elute potent
—lirnus analogue is preserved in patients with diabetes. given
that the effect of rapainycin in interfering with the Cell cycle
is regulated by glyeosylalion-dependent enzymes.m In this
regard. several small—to—moderate sized studies have pro-
vided conflicting results. For example, among 379 patients
with diabetes randomized to SES versus PESfE) in the REAL—

lTY trial. the rates of restenosis and clinical events were

comparable with both stems?” in contrast, in the random—

ized EEO-patient tSAR-Diabetes trial, 5135 compared to PIES
resulted in a greater reduction in late loss at 6 months, but

nonsignificantly different rates of TLR at 9 months?“
This issue has more recently been addressed in a pooled

patientnlevel analysis of 1,869 patients from the SPIRIT II,
SPIRIT Ill, SPIRIT 1V, and COMPARE trials of EES versus

FEB.” In this analysis. while EES was associated with supe-
rior outcomes compared to PBS among nondiabetic patients.
in patients with diabetes. the rates of composite adverse
events at 1 year (and their components) were almost identical

between the two stent types. A strongly positive interaction
(P < 0.0001) was present between diabetes and the stent plat—
form with respect to 1-year events, confirming the observation
ofa statistically superior effect of BBB over PES in nondiabetic
patients (and similar outcomes in diabetic patients). While
there are limited randomized data in diabetic patients with

other -limus analogue DES, the ZESCR) recently recaived a
specific FDA indication for use in patients with diabetes based
upon the overall performance of the stent in patients with dia-
betes. Pooling the results of the ZESfR) clinical trial program.

878 patients with diabetes were treated with ZES(R), with a
12-month rate of target vessel failure of 7.8%. which was stipe~
rior to a historical performance goal of 145%.310 Thus, potent
rapatnycin analogue—eluting stents have been demonstrated to
be effective in patients with diabetes.

I Pactttaxel—aluting atent
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HORIZONS—AMI: Rates of 12-month ischemic target lesion revascuiarization according to risk strata
[from Stone et al., JACC 2010).The risk of ischemic target lesion revascularization is similar in both
stains in patients at low risk for restanosis but more pronounced among patients at intermediate
and high risk. HFl, hazard ratio.
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Often the most critical revascularization decision in

patients with diabetes mellitus is the mode of revasculariza—
tion. i.e.. whether to perform PCI or CABG. A metaanalysis of
four randomized trials has demonstrated comparable 5—year
rates of death. M1, or stroke in patients with diabetes treated
with EMS or CABG; however, the rate of repeat revasculariza-

tion procedures was significantly greater arnong EMS-treated
patients?“ In the CARDia trial, 510 patients with diabetes
mellitus and multivessel disease were randomized to mil

(with either EMS (31%) or SE (69%) — DES were used after
SES became available) versus CitfiG.-"1L The primary endpoint

ofall—causc death. M1, or stroke at 1. year occurred in 10.5% of

patients treated with CABG versus 13.0% of patients treated
with PCI (HR [95% CI] = 1.25 [0.75 to 2.09]. P = 0.39).

when comparing patients treated during the time in which
SE3 were available, the l—year event rates were 12.4% Versus
11.6% for CABG versus SE5 (HR [95% CI] = 0.93 [0.51 to

L71]. P = 0.82). Whereas CARDia was too underpowered
to be definitive and has only reported l-year follow—up, the

ongoing FREEDOM trial.” which is enrolling more than
2.000 diabetic patients to SE5 or i‘ES versus CABG with a
follow-up of 6.75 years. will provide important evidence=
based guidance for this high-risk subgroup of patients with
multivessel disease.

For patients with diabetes who undergo PCI. specific
issues that require foresight by the operator include the treat-
ment of diffuse disease and disease in small vessels. Because

the relative and absolute risks of restenosis and stent throm-

bosis are higher in diabetic patients, assiduous attention to
procedural technique and details is critical. Specific attention
should be paid to appropriate stent length (using the least
amount of stent length in order to cover obstructive lesions)
and optimization of stent lumen area to minimize the effects
of a more aggressive intimal hyperplastic response.

Multivessel and Left Main Disease

Although they are distinctly different conditions. tevascular—
ization decisions for patients with left main and multivessel
disease are often considered together because historically the

default strategy for these lesion subtypes has been CABG,
Patients with multivessel disease treated with PCI have higher
rates of restenosis and stent thrombosis than those with

single-vessel disease. especially when diffuse disease, small
vessels, CTOs. and bifurcation lesions requiring treatment

are present. in contrast. while restenosis and thrombosis are
relatively rare after stenting the relatively short. large-caliber
left main segment. [’0 failure in the left main jeopardizes a
sufficiently large amount of inyocardium to entail a high risk
of m ortali Ly.

While there have been several trials examining the use

of PCI versus CABG for multivessel disease. the majority of
these trials have been conducted prior to the introduction

of DES. A widely cited metaanalysis by Hlatky et al.’” was
performed using individual patient data from 10 random—
ized trials of PG versus CABG in 7.012 total patients with

multivessel disease However. the majority of included trials

were of balloon angioplasty alone compared to CAEG; EMS

were used in only four of these trials. and no study included
in this analysis utilized DES. Among patients enrolled in :11.
als using EMS. follow-up up to 5 years has demonstrated
comparable rates of death. Mi. or stroke between EMS and
CABG (16.7% versus 16.9%. P = 0.69). with no hetel‘Ogene—

ity noted in patients with diabetes versus those without dia-
betes or with double- versus triple-vessel disease?“ However,

the 5-year rates of unplanned revascularlzation were signifi~
cantly higher with BMS compared to CABG (29.0% versus
7.9%. P < 0.001.).

Prior to the introduction of DES. there had been no Tarn

domized trials of PC] versus CABG in patients with unpro—

tected left main disease. because observational studies had

shown a high rate of procedural failure and late sudden car-
diac death with balloon angioplasty.” and unacceptably high
restenosis and MACE rates with EMS in this anatomic sub—

group.“ In a small prospective trial. Erglis et aid” random-
ized 103 patients with left main disease to EMS versus PBS.
and demonstrated that PES resulted in significantly lower

6-month rates of binary rcstenosis (6% versus 22%. P = 0,02)
and MACE (13% versus 30%, P = 0.04). The ISAR left main

investigators then randomized 650 patients with left main
disease to PBS versus SES.” and found comparable l-year

rates of composite death. M1. or TLR (13.6% versus 15.8%.
P = 0.44). definite stem thrombosis (0.3% versus 0.7%.

P = 0.57). and restenosis (16.0% versus 19.4% P = 0.30)
with the two stent types. In another small randomized trial.
the LEMANS investigators assigned 105 patients to either
PC[ with EMS or DES (the latter used in only 35% of patients)

versus CABS.“ The primary endpoint of change in LVEF 12
months after the procedure was significantly greater with PC]
than with CABG. PCl also had a significantly better early

safety profile.
The most contemporary and relevant examination of

the relative safety and efficacy of DES versus CABG in mul-
tivesscl and left main coronary artery disease is the SYN—

TAX trial. which randomized 1.300 patients with either
triple vessel disease (N = 1.095) and/or left main disease
(N = 705) to PESfE) versus CABG. with the primary aim
of demonstrating noninferiority of PES to CABG.3m The

primary endpoint of SYNTAX. the l—year composite rate of
all—cause mortality. stroke. M1. or unplanned repeat revas-
cularization. however. occurred significantly less commonly
with CABG than with PBS. and thus noninferiority could

not be claimed (Figure 3l.lB. left). However, the major
differences in the primary study endpoint were driven by
greater rates of repeat revascularization with PCI compared
to CABG (although the difference between PCI and CABG
was greatly reduced with PBS than in the earlier era with
EMS). When considering the composite endpoint of death
Ml, or stroke. there were no differences between the two
study arms. and similarly. the rates of death or Ml individ-
ually were similar between PCI and CABG. However. the
l—year rate of stroke was significantly lower with PC! than
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 1—year (left) and 4—year (right) results from the SYNTAX trial in which 1,000 patients with triple
vessel and/or left main disease were randomized to paclitaxeiueluting stents versus coronary artery
bypass graft surgery. CABG, coronary artery bypass grafting; PES, paclitaxel-eluting stent; MACCE.
major adverse cardiac or cerebrovascular events including death. myocardial infarction iMll. stroke.
or unplanned repeat revascularization. P = NS unless otherwise noted.

with CABG. Longer-term follow-up of the SYNTAX trial is

ongoing to 5 years; 4—year results have been reported on
819 patients in the CABG arm (91.3%) and 879 patients in
the PCI arm (97.3%), with 78 CABG patients and 24 PC]
patients lost to follow-up!“ 10 this analysis (Figure 31.18.
right). the benefit of CABG over PC] with respect to the
primary composite endpoint has persisted with the largest
difference between treatment arms observed in the rate of

repeat revascularization procedures. However, a trend toward

lower rates ofdeath, stroke, or Ml has also emerged between
the two groups (14.6% with CABG versus 18.0% with PCI.

= 0.07). Patients treated with CABG had a significantly
lower alldcause mortality when compared to PCI (8.8% ver—
sus 11.7%, P = 0.048) and MI was significantly lower as

well (3.8 versus 8.3%; F {I 0.001). Of particular concern
related to this difference in MI is the overall rate of definite!

probable stent thrombosis in the PBS arm, which was 8.8%
at 4 years.

A borderline interaction (le = 0.11) was present
bctwecn the randomization arm and the primary 1—year end—
point for patients with left main versus triple—vessel disease

in SYNTAX, such that the primal): major adverse cardiac and
cerebrovascular event (MACCE) endpoint was improved in
triplcwessel disease patients randomized to CABG, where
there were no significant differences in composite adverse
events between PBS and CABG for left main patients?” More-
over. the selection of the most appropriate revascularization
modality in these complex patients may be further discrimi-
nated by use of the SYNTAX score (msyntaxscorecom).

an anatomic-based risk score that was prospectively defined
prior to patient enrollment. Patients undergoing PCl had

progressively higher MACCE rates with high SYNTAX scores,
where MACCE outcomes after CABG were independent of
SYNTAX score. The fi-ycar outcomes from the SYNTAX trial

according to the presence of left main disease and SYNTAX
score tertile appear in Table 31.713“-m These data suggest that

CABG might be favored for patients with triple-vessel disease
and high or intermediate SYNTAX score. or left main dis—
ease and high SYNTAX score. Conversely, the 4-year results
were equally good or better with P155 compared to CABG in
patients with triple-vessel disease and low SYNTAX score,
and in particular for left main disease and low or intermedi—

ate SY'NTAX score. However. given the modest sample sizes of
these post hoc subgroups. those impressions should be con-
sidered hypothesis—generating only. Moreover. whether other
scores incorporating clinical risk factors would have superior
discrimination to the SYNTAX score has not been prospec—
tively validated?“-m

Nonetheless, on the basis of the SYNTAX trial, the most

recent US and EU guidelines have elevated PC] of the left
main to either a class III) recommendation (US guidelines).

or lie or [1b (EU guidelines) depending on the relative risk
and complexity for PC] versus CABG.3”-31" The results of
PC! in patients with complex coronary artery disease may

be further optimized by use of better stents and pharmad
cotherapy than were employed in SYNTAX,”\3" and with

the regular use oi? WUS and WE guidancemm which
were rarely utilized in SYNTAX. Many of these issues are
being addressed in the ongoing EXCEL trial. in which 3.100

patients with unprotected left main disease and a low to
moderate SYNTAX score are being randomized to PCI with
EES versus CABG.
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MI, myocardial infarction; MACCE, major adverse cardiac or oerobrovascular events (death, ML stroke. or revasculsrization]; PES. paclltaxaI—oluting
stems; CABG, coronary artery bypass graft surgery.

Chronic Total Occlusions

Clinical and angiographic restenosis rates after both balloon
angioplasty and stent implantation are increased following
PCI of CTO compared to nonoccluclecl stenoses, due prin-
cipally to an increased incidence of diabetes, greater lesion
length, plaque mass. and 00100100110111.3193” Additionally, dur-
ing crossing of CTO lesions, wires and devices are sometimes
advanced in the suhintimai space; without stenting, these

segments are likely to reocclucle. Stenting of CEO lesions
has thus become the default strategy when PC] is planned,

and the use of DES is preferred. In a ZOO-patient randomized
trial of SE15 versus EMS, the use of SES resulted in signifi—

cant reductions in binary artgiographic restenosis [7% versus
36%, P < 0.001) and TLR (4% versus 19%, P < 0.001), with
reductions in clinical restenosis maintained at up to 4 years of

clinical follow—up?“ A large number of retrospective, nonrana
domized, and historically controlled comparisons of DES and

EMS have similarly demonstrated approximately 60% reduc-
tions in clinical restenosis endpoints with DES compared

to EMS. However. despite similar hazards of mortality and
leithDEScomparedtoBMSinametaanalysisaggregatingthis
data, a trend toward inereasecl stent thrombosis was observed

with first—generation DES (RR: 2.79, 95% CI: 0.98—7.97.

P = 0.06). meriting some concernm Additionally, SE5 has
been associated with a 16% rate of stent fracture when used

in C‘l’O lesions. particularly in long overlapping segments of
diseasem Studies are ongoing to determine whether these
results may be improved upon by second—generation stenls
which are more fracture-resistant, such as EES and ZESCIEP”

A number of advances in CTO technique have renewed
the interest in tackling these lesions, which historically
have had the lowest rates of procedural Success among all
lesions undergoing PC1. Critical issues related to stenting 0i-
CTO lesions include adequate selection of CTOs that are in
viable and/or ischemic myocardial territories. minimizing

stent overlap and overall stemed length as much as possible,
avoidance of stent implantation in diffusely diseased distill
territories, and optimization of lumen area in vessels lilai
are chronically unclcrfilled {and therefore can appear smaller
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than they actually are in the rcperfusecl state). Finally. prior
to CTQ recanalization and stent implantation. it is critical to
ascertain the ability of a patient to adhere to dual antiplatclet
therapy because stent thrombosis of recanalized CTO lesions
will liltely result in acute MI due to regression of collaterals
supplying the CTO territory-l“

Bifurcation Lesions

Bifurcation lesions represent 20% or more of stenoses under—
going angioplasty. and PCI of coronary bifurcation lesions

is associated with increased procedural complications and
worsened long~term outcomes. Due to the higher rates of
clinical restenosis at bifurcation lesions. the use of DES
for the main vessel of a bifurcation lesion has become the

standard of care for bifurcation disease. For true bifurcation

lesiorts (atherosclerotic involvement of both the parent and
side branch). the major decision is whether to undertake a

provisional or dual-stent strategy. With provisional stentlng.
the main vessel is Stentcd (often after optimal predilatation
of the side branch). and the side branch is dilated or stented

only for a truly unacceptable result (typically a diameter ste—

nosis 250% or severe diSSeclion). A strategy of provisional
slanting of the side branch is the generally accepted current
approach to bifurcation disease unless there is significant
high-grade and lengthy disease within the side brancltf-‘im"
This approach is also usually preferred if the parent vessel
is large and the side branch relatively small. Alternatively,
when both the parent vessel and side branch are large (22.5
mm). especially when the attic branch arises at a shallow

angle. planned stenting of both branches may be consid-

ered. Various approaches to dual stenting of bifurcation
lesions have been developed and are briefly outlined below
(Figure 31 . 19) .137

T~Stent Technique

A stent is deployed at the ostium of the side branch, followed
by a second stent in the parent vessel. Unless the angle of

origin of the side branch is 90°. however. the operator is faced
with the dilemma of whether it is better to leave a portion of

the ostial side-branch lesion unstentecl or rislt having part of
the stent protrude into the parent vessel (making subsequent
advancement of the parent vessel stent difficult or impossi-
ble). A modification of this technique to maximize ostial side
branch coverage is the Fahd—protrusion technique, where

the main branch stent is deployed first. followed by stenting

of the side branch with a balloon angioplasty catheter in the
main Vessel. The side-branch stent is brought back to pro“
trude slightly into the main branch to maximize ostial cov—

crage. and is then deployed. impinging on the main branch
balloon, making a “T." A kissing balloon inflation (into the

main branch and side branch simultaneously) is then per—
formed to ensure adequate flow into both branches without
compromise.
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"Culotte" Stent Technique
A stent is deployed into the side branch with extension into
the proximal aspect of the parent vessel. A wire is then passed
through the side struts of this stent and into the distal par—
ent vessel. After balloon dilatation. a second stent is passed

through the side struts into the distal. so that the proximal
ends of the first and second stents overlap in the proximal
vessel. This technique is the most technically complex. but
offers excellent scaffolding and coverage of the bifurcation.

“Crush" Stent Techniques

After predilatation of both limbs. two stents are positioned
simultaneously in the side branch and main branch. The side—

branch stent extends into the proximal main vessel 2 to 3 mm
for less in the “mini—crush“); the parent branch stent extends
at least several millimeters more proximally, The side-branch

stent is inflated first, trapping the main—branch stent delivery
system. After confirmation of potency without dissection in

the side branch. the side-branch guidcwire and stent delivery
system are removed, and the main—branch stent is implanted,
“crushing" the side-branclt stent. Following this. the side—
branch stent is rewired and simultaneous kissing balloon
inflations are performed (it is generally recommended that all
bifurcation stent techniques be compIeted by kissing balloon
technique). There have been many modifications of this tech-
nique. including modified sequences of stent implantation
such as in the "reverse crush,“ which is applicable when side—
branch stenting was not initially planned. In this case. after
main branch implantation. a second stent is placed in the side
branch extending into the proximal parent vessel (within the
previously placed stent), and a balloon angioplasty catheter
is placed in the main vessel. The side-branch stent is then
deployed. impinging on the balloon. After removal of the

side-branch stent delivery system and wire, the main-branch
balloon is then inflated to crush the proximal portion of the
side—branch stent. and a final kissing balloon inflation is per-
formed. Balloon crushing of the side—branch stent can also
be used as the initial approach (prior to main branch deploy—
merit) in the “step crush" technique, a technique that is use-
ful when smaller guide and sheath sizes are used), Other

modifications include performance of additional kissing bal-
loon inllations prior to main branch deployment (cg, "dou-

ble—kissing crush" technique) which can improve procedural
outcomes.333

The crush technique is simpler than the culotte tech—

nique and affords excellent coverage of the carina; however. a
randomized trial of the two techniques demonstrated a trend

toward more frequent pctiproccclural enzymatic elevation
with the crush technique but similar rates of late events with
both techniques.119 Recrossing the crushed side-branch stent
with a guidewire and balloon can be challenging and time
consuming, however, but is essential because late outcomes

are significantly improved following a simultaneous kissing
balloon inflation with this technique.m
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Strategies for the treatment of bifurcation disease {from Louvard et al., Heart 2004]. 1 and 2. Clas-
sicT—stenting beginning with side branch stenting. 3. Modified'listenting. 4. “Crush" technique.

 

5. CIassicT—stenting beginning with main branch stenting. 6. Provisionai'listenting. 7. “Culotte” or
"trousers" technique. B.Touching stents completed or not es‘l’ technique. 3. "Trouser legs and seat"
technique. a classic touching stents technique completed proximelly by a ”skirt" technique. 10. Kiss-
ing stents technique. 11. "Skirt" technique.

Simultaneous Kissing StentsN-Stenting

Two stems are deployed simultaneously over separate guide-
wires: one in the parent vessel and one in the side branch. For
simultaneous kissing stents, both stents extend side by side
in the main vessel proximal to the bifurcation (for V—stenting.
these stems are deployed at the ostia of both branches, mini—
mizing the length of the “carina“). Although this technique

offers the advantage oisirnplicity and control of both vessels,
3. new, more proximal carina is created in the center of the
proximal parent vessel, which is unlikely to cntlothcliaiize

fully and can be very difficult to wire if repeat PCl is required.
Also, placement ofan additional stem is problematic should a
proximal dissection occur.

Bifurcation Summary

An exhaustive review of the pros and cons of these tech-
niques is beyond the scope of this chapter. i-iowevcr. as a

general rule. a provisional strategy to bifurcation lesions

is preferred as it can result in safer procedural outcomes.
and. by minimizing the amount of stem at the carina, can
minimize the risks of subsequent stem thrombosis. When

treating bifurcation lesions provisionally. it is generally rec—
ommended to wire and protect all side branches 21.5 to

2.0 mm using a “ltecp-it-open“ strategy in order to prevent
andjor facilitate management of side branch compromise
and occlusion (sec stent complications section above). If an
upfront two-stem strategy is selected, a familiarity with the

techniques is necessary. because the majority of these dual-
Stent techniques are technically complex, require use of a

larger (7F or 8F) guiding catheter, and can pose difficulty in
reaccessing the parent vessel or side branch through overlap-
ping metallic elements.

A variety of novel strategies for the treatment of bifur-
cation disease with drug-eluting balloons is also currently
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undergoing evaiuationf‘m‘l:l but current data using drug—elut-

ing balloons in native coronary stenoses have been mixed.
Additionally, several dedicated drug-eluting bifurcation stent

systems have been designed and are under investigation.
Bifurcation stent systems can be classified as those that facili—
Late access to the side branch to simply the PCI procedure.
versus novel stenL‘s designed to address the unique geometric
challenges of the bifurcated stenosis. initial experiences with
the AXXCSSTM self-expanding nitinol stent (Biosensors interna-
tional. Switzerland) (coated with the bioahsorbable polymer

PLLA which eiutes the antiproliferativc rapamycin analogue
biolimus A9) have demonstrated low rates of restenosis of
both the main vessel and side branch in both true bifurcation

lesions as well as in the distal bifuitation of the left main

coronary artery-“W" This “reverse cone" stent is designed to

adapt to and cover the main parent vessel and the bifurcation
carina. and is used in conjunction with dedicated DES of one

or both branches when necessary. Preliminary data have also
been published on the use of the StenLysm paclitaxel-eluting
side branch access stem345 and the Taurus PetalTM dedicated

bifurcation stentm; further clinical data are awaited in order

to determine the longrtenn advantages of these stents for the
treatment of bifurcation disease.

Saphenous Vein Grafts
The most common cause of recurrent ischemia following

CABG surgery is atheromatous degeneration within the body
of an SVG. and EMS have been associated with improved
outcomes compared to balloon angioplasty in SVG inter—
ventioti.3“7vm While DES have the potential to further lower
rates of restenosis of the target lesion within SVGs. disease

progression at nontarget sites within SVGS is frequent. and
additionally, clue to the large caliber of most SVGs, the "toler-
ated late loss" within SVG lesions is typically greater than in
native coronary vessels. Two small randomized trials of DES
versus EMS for critical SVG stenoses were conducted early in

the DES experience, and demonstrated lower rates of angio-

graphic restenosis with DESMH" With extended follow-up
to a median of 32 months in one of these studies. however.

the antirestenotic advantage of SES compared to EMS was
lost. and SES was associated with higher mortality?" A more
recent larger randomized trial, the tSAR—CABG trial. random-

ized 610 patients to either EMS. 5E5. PBS. or biodegradable
polymer 5E5.352 At 1 year. the use of all DES versus EMS was
associated with reductions in TLR (7% versus 13%. P = 0.01)

as well as composite death, MI. and TLR (1.5% versus 2.2%.
P = 0.02). with no differences observed in overall mortality
or stent thrombosis. Further follow-up of this trial will help
to critically assess the occurrence of late safety outcomes.

At present. for patients that can tolerate longer—term regi~
mens of dual antiplatelet therapy. DES are typically preferred
for either focal disease in large graft conduits or for diffuse
graft degeneration (if native coronary artery PCI or repeat
surgery is not an option). Notably, a small pilot study Of

prophylactic “sealing" of moderate, noncritical SVG lesions
with PES in order to prevent disease progression within SVGs
was superior to medical therapy alone. suggesting a possible
preventive role for DES in degenerating SVG lesions prior to
their becoming critical.” A large randomized trial is required.
however, before such an approach is undertaken.

COl\lCLUSION: CURRENT

PERSPECTIVES AND FUTURE
DIRECTIONS 

The development and evolution of the coronary stent has
resulted in remarkable progress in the lesser invasive treat-

ment of coronary artery disease. Over the past two decades,
coronary stenting has emerged as the dominant technology
for catheter-based coronary revascularization. The availabil-

ity of stents with excellent deliverability and scaffolding. the
demonstration that stenting improves acute and long-term
outcornes in a wide variety of lesion types. the devebpmcnt
of effective and better—tolerated pharmacologtc regimens to

prevent stem tl'trotrt.l.x:tsisI and now the marked suppression
of restenosis with antiproliferative bioactive coatings have
facilitated the application of stenting to almost every patient
and lesion subset. However. although infrequent. stent
thrombosis and restenosis still occur with even the best DES.

and the reliance on longvterm. dual antiplatelet therapy is a
major limitation for many patients. Novel DES approaches
aimed at tackling this issue under active development and
current study include further investigation of second— and
third-generation durable polymer platforms with the ability
to passivatc the vascular cndothelium. dualdagent DES that
may also confer improved safety and/or efficacy. biodegrad-
able polymer and polymer—free stems designed to minimize
reactions to the drug carrier, and finally, fully bioabsorbable
scaffolds that offer the potential to eliminate late stent throm-
bosis. Further enhancements to stent design will additionally

allow these devices to commute to improve with respect to
deliverabilit)r and ease of use. and novel adjunctive drugs and

devices may further facilitate the use of PCI for the most com—
plex patients and coronary anatomies. As such. the coronary
stent is certain to remain the foundation for the minimally

invasive treatment of coronary atherosclerosis for the foresee-
able future.
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Profiles in Coronary Artery Disease
 

ROBERT N. PIANA and AARON KUGELMASS

Atherosclerotic coronary artery disease (CAD) continues to
be the most frequent cause of death in the United States and
other developed natiortt-i.“J Besides mortality, coronary artery
disease accounts for substantial morbidity and disability. Diag-
nostic and therapeutic procedures for coronary disease have

evolved rapidly over the last 40 years. and in parallel with
advancements in medical therapy have resulted in a signifi—
cant decrease in both morbidity and mortality.‘ The medical
and procedural progress in the treatment of CAD represents
one of the major accomplishments of modern medicine,

Cardiologists play a crucial role in identifying cliniu
cal CAD and developing a cogent treatment plan for an

individual patient. The cardiovascular physician is charged
with applying evidence and guideline—based diagnostic and
treatment regimens that are individualized around anatomic

and clinical characteristics. Though technical in basis, these
approaches must also consider patient and family preference,

anti thus incorporate cultural, emotional. and value—based
considerations on a background of clinical science.

This chapter is designed to provide examples of patients
centered therapy of CAD based on individual clinical and

angiographic profiles. These: case-based examples have been
selected to demonstrate the application of clinical evidence
and guideline recommendations of percutaneous coronary
intervention (PCI) in the contemporary management of CAD.’

STABLE CORONARY ARTERY
DISEASE 

in patients with symptoms of stable angina. it is critical to
establish a diagnosis of coronary artery insufficiency. While
this may be based solely on functional noninvasive testing,
coronary angiography using cardiac catheterization" and, in
 

Jeffreyj. Popma andJudith L. Meadows authored this chapter in the
prior edition.
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selected cases, coronary computed tomographic angiography
(ETA)7 are indicated in patients with high—risk functional test—
ing, or in whom diagnostic certainty is critical.“ The objective
of therapy for stable CAD is to reduce not only mortality, but
also prevent further progression, anginal pain, and disability.

For the majority of patients with clinically stable. symp-
tomatic CAD. guideline—directed medical therapy (GDMT)?

including aspirin, beta hicckade, hypertension control, and
HMG—coA reductase inhibitors (statin) if tolerated, and life-

style modification constitute the primary proven treatment
modality at this time)“0 In advanced CAD, significant left
main CAD. and threervessel CAD with diminished left ven«

tricular systolic function. surgical revascularization with cor—
onary artery bypass graft surgery (CABG) has demonstrated

survival benefit over historic (limited) medical therapy.
The Clinical Outcomes Utilizing Revascularization and

Aggressive DruG Evaluation (COURAGE) trial randomized
patients with stable coronary artery disease (single—vessel anti
lowFrisk multivessel) to GDMT versus GDMT and PCI.“ This

trial demonstrated no significant reduction in cardiac mortality
myocardial infarction, need for revascularization, or long-term

angina symptoms in those patients treated with PCI. These trial
findings have remained controversial, but pending more con—

temporary trials that utilize advanced imaging techniques and
drug—eluting stents (DEBS), an initial therapeutic approach of

guideline-directed medical therapy (GDMT) has been deemed
appropriate?” More recently, the Fractional Flow Reserve—

Guided PCI versus Medical Therapy in Stable Coronary Dis-
ease (FAME 2) trial suggested that in patients with stable CAD,
FER—guided PCI of lesions (PER '11 0.80) in addition to optimal.
medical therapy can reduce the incidence of urgent revascu—
larization.12 Whether this approach will be adopted in clinical
guidelines or practice remains to be determined.

For those patients who continue to experience lifestyle
limiting angina despite guideline—directed medical therapy,
coronary revascularization is an option. For patients with
single-vessel CAD, PCI is an option and class i indicationFl
when GDMT fails in relieving symptoms. For patients with
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inultivessel CAD, PC] and bypass surgery have been shown to
have similar 5-year rates of myocardial infarction and death.13
However, the need for repeat revascularization is higher in

patients undergoing PC]. Stratification of tnultivessel CAD
patients for PCI on the basis of angiographic complexity can,
however, select patients in whom this risk is minimal.” in
addition, a note of caution should be applied regarding the
choice of revascularization for the subgroup of patients with
diabetes mellitus. The Bypass Angioplasty Revasculariza—
tion Investigation (BART) trial suggested a survival benefit of
CABG when compared to PCI in patients with multivessel
diSease and diabetes mellitus, thus raising an initial concern
in this patient population,” This concern has been confirmed

by several subsequent clinical trials and registry analyses and
by a meta—analysis summarizing 1.0 randomized clinical tri—
als,” More recently, in the Future Revascularization Evalua-
tion in Patients with Diabetes Mellitus: Optimal Management
of Multivessel Disease (FREEDOM) trial, patients with dia-

betes mellitus and multiveSSel coronary artery disease were
randomized to revascularization with CABG or with con~

temporary PCl utilizing drug-eluting stents.” The primary
outcome was a combined endpoint including death from any

cause, nonfatal myocardial infarction, and nonfatal stroke at
5 years. At Sayear followdup, the primary endpoint occurred
more frequently in patients undergoing PCl when compared

to patients undergoing CABG. The difference between PCI
and CABG was driven by a higher rate of death from any
cause and nonfatal myocardial infarction in the PCI group
when compared to the CABG group." Thus, when consider—

ing revascularization for patients with multivessel CAD, the
revascularizatlon modality should be established on the basis

 
CASE 41 '1 A 45—year—old man with a history of hyper—

tension, hyperlipidemia, and cigarette smoking presented to
his physician with exertional dyspnea and vague chest dis-
comfort. He was being treated with a statin, beta blockers7 and
an ACE inhibitor. Exercise stress testing with sestamibi scin-
tigraphy, to 9 METS, demonstrated severe reversible perfusion
defects of the inferior, inferoapical, anterior, and anteroapical
segments. Rest ejection fraction was 52%, but declined to 33%
during stress. There was transient left ventricular dilation.
Nitrates and aspirin were added to his medical regimen. The
patient was referred for coronary angiography (Figure 4-1.1).
This demonstrated severe three-vessel CAD, with discrete le-

sions in the proximal right coronary and proximal to mid left
anterior descending arteries. There was a more diffuse lesion
in the small mid circumflex artery. Stress testing, was consis-
tent with a high risk of future events and the patient was symp—

tomatic, despite medical therapy, necessitating revasculariza-
tion. The angiographic complexity of the coronary arteries'
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of patient preference, clinical and angiographic characteris-
tics that are determinant of acute and long-term success, and

the presence of diabetes niellitus. As such, for patients with
multivessel CAD requiring revascularization, collaborative.

evidence-driven decision-matting by cardiologists and cardiac
surgeons, based on clinical and angiographic determinants of
acute and long-term benefit, is essential.'3

Invasive, as well as CT based, coronaty angiography is
effective in identifying fixed stenosis of coronary arteries. While

important in establishing a diagnosis of CAD with attendant
need for secondary prevention, it is the functional significance
of individual coronary stenosis that is critical in developing a.
patient—centered therapeutic strategy. Physiologic stress test—
ing, both exercise and pharmacologic, provides the physiologic
basis for CAD treatment, especially 'revascularizatiort. Similarly,
fractional flow reserve (FFR) can provide eiitical functional
information in the cardiac catheterization lab. This invasive

technique {see Chapter 24) provides the opportunity to further
assess the functional significance of specific coronary stenoses
in order to direct therapy at the time of angiography. FFR has
been shown to be similar to perfusion stress testing in predict-
ing clinical events associated with a given stenosis, Conversely,

liFR has been shown to be effective in identifying coronary
stenoses that do not require revascularization in order to pre—
vent CAD-related events.”"“-” Like all procedutes, FFR should
be used judiciously For those patients with a severe stenosis
that corresponds to a territory ofischcntia identified with func-

tional testing, there is no need to perform FFR. However, in the
case of intermediate stenoses, or stenoses that do not appear

to be related to tschemia by functional. testing, FFR should be
performed in order to assess functional significance.

stenoses was limited, suggesting a successful outcome with
percutaneous rcvascularization. A 3.0 K 20 mm drug-eluting
stent was deployed iii the left anterior descending artery, with
excellent angiographic resolt. Subsequently. a 3.0 X 12 mm
drug elutlng stent was deployed in the right coronary artery,
also with excellent resttlt. Given the limited distribution of the

left circumflex artery, and the absence of detectable ischemia
in that distribution, revasculatization of this artery was de—
ferred. The patient had an uncomplicated clinical course and
was discharged with dual antiplatelet therapy for 1 year.

Commentary: This case was selected to demonstrate
clinical decision~maltlng in stable coronary artery disease.

The patient‘s left ventricular cornpromisc and ongoing symp—
toms despite tnedical therapy were the indications for re—
vascularization. While the patient had multivessel coronary
artery disease, the angiographic complexity was limited. This

suggested a favorable outcome with a percutaneous approach
utilizing drugaeluting stents.
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Figure 41.") Stable coronary artery disease. A. Angiography of the right coronary artery in the left anterior oblique
View demonstrates a severe stanosis of the proximal segment larrow). B. Right anterior oblique
with cranial angulation demonstrates severe stenosis of the proximal and mid left anterior descend-
ing artery [arrow]. C. Right anterior oblique with caudal angulation demonstrates severe stenosis of
the circumflex artery (arrow), as well as of the proximal and mid left anterior descending artery.
D. Deployment of a 3.0 x 20 mm drug-eluting stent in the left anterior descending artery (arrow).
E. Postdilation with a 3.5 X 15 mm balloon in the left anterior descending artery stent (arrow).
F. Excellent angiographic appearance of the left anterior descending artery (arrow). G. Deployment
of a 3.0 x 12 mm drug-elutlng stent in the right coronary artery (arrow). H. Excellent angiographlc
appearance of the right coronary artery stent (arrow).

—
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ACUTE CORONARY SYNDROMES

ST SEGMENT ELEVATION

MYOCARDIAL INFARCTION 
Indications for Angiography and
Percutaneous Coronary Intervention
it has been estimated that annually 610,000 Americans will
have a new myocardial infarction (M1) and 325,000 will have
a recurrent Mi.3 While the incidence of ST segment eleva—
tion myocardial infarction (STEMI) has been declining. the
incidence of non-ST segment elevation myocardial infarc-
tion (NSTEMI) has increased}D it has been suggested that
the increase in the incidence of NSTEMI might be related
to improved detection with the use of more sensitive bio-
markers. Over the past six decades. the annual death rate
for coronary artery disease has declined progressively."21 and
it is today 350% lower than it was in 1950. This reduction
is owing to a combination of factors including the institu-
tion of lCU care and EMS services, the decline in the rate

of STEMIN“ improved primary and secondary prevention

through GDMT20 and, more reCently, by further evolution
of reperiusion therapy for STEMi. Reperfusion therapy, by

which coronary blood flow is reestablished through pharmav
cologic (thrombolytic) or mechanical [primary PCU means.
is the hallmark of therapy for STEMI. Primary PCI. when

available in a timely fashion. is more effective than throm-
bolytic therapy for the treatment of STEMI (see Chapter 30).
and it is associated with a significant reduction in mortality,
reinforction, and stroke. Despite these differences. the key to

STEMI management depends on the timely establishment
of reperfusion Current ACC/AHA Guidelines place primary
PCl as a Class 1 indication. when performed within 12 hours

of symptom onset. when it can be performed in a timely lash-

ion (goal Within 90 minutes of medical contact). in patients
ineligible for thrombolytic therapy. and in patients present-
ing with heart failure and/or cardiogenic shock.“2 Throm—

bolytic therapy remains a viable and Class 1 indication for
those patients who are unable to receive primary PC] within
120 minutes from first medical contact (FMC).n

Technical Considerations

Angiography and PCi should be performed expeditiously.
with the goal to minimize the time to successful reperfu—

sion. To this end. as described in Chapter 30. most operators
routinely perform a diagnostic angiography of the “non—

culprit" vessel initially. based upon ECG localization. and
then perform angiography of the culprit vessel with a guide
catheter. in vessels in which thrombotic obstruction persists,

initial wiring attempts with a soft. hydrophobic wire are
advisable, as most lesions are soft and easil}r crossed. Upon
crossing the lesion. confirmation of intraluminai position,
either based on angiography or iii the event of persistent
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occlusion. by Dottering with a balloon to allow some dis-
tal flow. is advised. in patients with persistent obstruction.
the balloon may be advanced distal to the obstruction and
the wire removed. and careful, manual injection of contrast
through the wire lumen can confirm intralut‘ninal position.
Thereafter balloon inflation of the thrombotic occlusion can

proceed. in patients with large visible thrombi. or proxi-
mal occlusions, many operators will proceed initially with
aspiration thrombectomy. The TAPAS trial demonstrated an

acute improvement in coronary blood flow and a reduced
incidence at 1 year of cardiac death and the composite of
death and nonfatal reinfarction with aspiration thrombecr

torny.23 This approach carries a level [is indication in current
guit'lelines.22 Stent implantation can then follow. Both bare—

metal and drug—eluting stents have been shown to be effec-
tive. Decisions about stent type remain operator dependent
and should be based on vessel size and other angiographic
factors. as well as clinical variables. including likelihood
of patient compliance with dual antiplatelet therapy. in all

cases. proper vessel sizing is critical in order to ensure ade~
quate stent expansion and strut apposition, thereby reducing
the risk of stent thrombosis.

STEMi often occurs in patients with multivessel CAD,
with significant lesions in “non-culprit“ vessels. Current
guidelines argue against immediate treatment of “non cul-
prit" lesions at the time of primary PCI” (Class iii indication).
The guidelines are supported by several registry analyses and
randomized clinical trials. as well as by a recent large inela-
analysis showing that in the setting of primary PCI for acute
myocardial infarction. staged l-‘Cl is associated with lower
short- and long—term mortality when compared with simulta‘
neous culprit vessel PCI and multivessei PCL“

A 45—year—old man with no prior cardiac his—

toty and risk factors limited to cigarette smoking presented to
a rural hospital emergency room with 3 hours of worsening
substetnai chest discomfort. Initial EKG was consistent with

acute anterior wall myocardial infarction (Figure 4-1.2). The

patient was administered aspirin, prasugrel, and unfraction—
ated heparin per protocol.

Expedited transfer to a nearby primary PCI center was

arranged with a transport time of 20 minLItes. Coronary an-
giog‘raphy was performed (Figure 4-1.3). This demonstrated a

culprit lesion in the mid segment of the left anterior descend-
ing artery, highly suggestive of a large intraluminal throm-
bus. The lesion was crossed with a soft wire and aspiration
thrombectomy was performed with evident thrombus aspi—
ration (Figure ‘l-L‘i). Subsequently a drug-eluting stent was
deployed in “direct" fashion.

The patient had a stable postprocedural course. Medi-

cal therapy at discharge included indefinite aspirin ther-
apy. prasugrel for 12 months. an ACE inhibitor, and a beta
blocker. Smoking cessation was initiated in the hospital and
continued in cardiac rehabilitation.
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_ST segment elevation myocardial infarction.Twere—Iead electrocardiogram demonstrating ST
segment elevation leads V2—V6.

Commentary: This case was selected to demonstrate the
importance of rapid reperiusion therapy in management of
ST segment elevation myocardial infarction. Primary PCI was
selected given its rapid availability owing to a coordinated
system of care in this rural region.21 Had this been lacking, or

had transport time to a PCI—Eapable facility been longer. ini—
tial treatment with thrombolytic therapy would have been ap-
propriate, as would have been had the patient's presentation
been closer to symptom onset, despite the availability of PCI.

The significant thrombus burden favored the initial employ-
ment of aspiration thrombectomy prior to stent deployment.

NON-ST SEGMENT ELEVATION
ACUTE CORONARY SYNDROME 

Indications for Angiography and
Percutaneous Coronary Intervention
Coronary angiography, with an intent of revascularizatlon
(surgical or pet-cutaneous), is a Class 1 recommendation for
patients presenting with non—ST segment elevation acute
coronary syndrome, unstable angina, or myocardial infarc—
tion. Patients with refractory ischemia-Hincluding angina, or
hemodynamic or electrical instability—or more stable patients

at higher risk for future clinical events should undergo early
angiography, and if indicated PCI.“ Large randomized clinical

trials utilizing a background of contemporary antithrornbic

therapy demonstrated that an initial strategy of angiogra—
phy followed by appropriate revaseularization reduced the
incidence of death and recurrent myocardial infarction, as

compared to a more conservative initial approach of medi—

cal therapy and noninvasive risk stratification.“'27 Early angi-
ography and subsequent revascularization (6 to 24 hours),
as compared to “cooling off," with later angiography and

revascularization, reduce clinical events (composite of death,
myocardial infarction, or CVA in high—risk Acute Coronary
Syndrome (AC5) patients).

in ACS patients undergoing coronary angiography,
the determination of revascularization strategy (PCI versus

CABGJ should be similar to that for patients with stable
CAD. The patients anglographic profile, likelihood of suc-
cess, Clinical variables, and patient preference should all be
considered

Management
For patients with non-ST elevation ACS, appropriate medical
management including aspirin, ADP receptor blockers, and
anticoagulation with either unfraetionated or low molecu-

lar weight heparin is mandatory (see Chapter 5). Additional
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- ' thrombectornv.
Thrombus obtained via aspiration

ST segment elevation myocardial infarction. A. Angiog-

  
 

  

raphv of the nonculprit RCA was performed first. B. Flight
anterior oblique view with cranial angulation demonstrating
severe stenosis of the mid left anterior descending artery.
with sluggish distal flow.The angiographic appearance is
highly suggestive of intracoronarv thrombus hallmarked
by luminal irregularity and a filling defect. C. After crossing
with a floppy wire, aspiration thrombectomy was performed
(arrow pointsto marker tip of the thrombectorny catheter).
D. Angiographio appearance of the culprit lesion following
deployment of a 3.5 x 15 mm drug-eluting stent. Excellent
distal flow was present.

medical therapy including beta—blockers and blood pressure
control in conjunction with aggressive lipid lowering therapy
with statins is also indicated."'2°

Approaches to PCI should be based on anatomic and
clinical factors. Both bare-metal and drug-eluting stents can

be utilized. As in the setting of STEMI, stent choice should

be predicated on risk of restenosis, stent thrombosis, patient
compliance, and other technical and clinical considerations.
With fourth-generation drug-eluting stents being widely
employed. stent delivery is rarely a consideration in determin-
ing if a bare or coated stent is to be employed. In patients with
multivessel CAD undergoing PCI, multivessel intervention

in a single setting is commonplace. That said, consideration
of contrast burden and risk of contrast-induced nephropathy

(CTN), radiation dose, initial lesion result. the extent of myo-
cardium at risk, and other patient-specific factors should guide
whether staging of secondary lesions should be considered.

CASE 41'3 An 82-year-old man with a history of cor-
onary artery disease presented with severe chest pain and
diaphoresis. Electrocardiography demonstrated dynamic
anterolateral T-wave inversions, and Cardiac markEi'S (tropo-

ninj were borderline. The patient was stabilized with aspi-
rin, unfractionated heparin. beta blocker, and nitrates. The
patient had undergone coronary angiography and placement
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of bare—metal stems in the proximal and middle left anterior
descending artery 2 years earlier. Shortly after stent place-
ment the patient developed recurrent episodes of both gastro-

intestinal and genitourinary bleeding requiring transfusion.
Clopidogrel had been stopped at that time and was not re-

started during the current admission. Prior to angiography
the patient expressed that he was adamantly opposed to coro—
nary artery bypass surgery owing to the need for prolonged
recovery and risk of stroke, both of which would prevent his
wife from living independently.

The patient underwent coronary angiography
(Figure 41.5), which demonstrated a culprit lesion in the

middle left anterior descending artery at the site of the earlier

 
D

 

stent. In addition, there were high—grade stenosis in the right
and circumflex arteries. The limited angiographic complexity
(low SYNTAX score) and preserved systolic function. sug-
gested that PCI would afford a good outcome and meet the

patients desire to avoid surgery. However, the patients poor
candidacy for long-term dual antiplatelet therapy precluded
multiple drug-eluting stents Fractional flow reserve was

performed on the right coronary (FFR = 0.34) and circum—
flex (FFR = 0.91) arteries. Accordingly. revascularization

of these lesions was deferred. Given the discreet segmental
nature of the in-stent restenosis of the middle left anterior

descending lesion and the patient's bleeding risk, conven-
tional balloon angioplasty with a 2.5 X 12-min balloon was

m

; Figure 41.5 - Non—ST segment elevation acute coronary syndrome. A. Angiography of the right coronary artery in the
' " " ‘ left anterior oblique angle demonstrates a severe stenosis of the proximal segment (arrow). B. Flight

anterior oblique view with cranial angulation demonstrates severl stenosis of the mid left anterior
descending artery. at the site of a previous stent (arrow). C. Left anterior oblique view with cranial angu-
lation demonstrates moderate to severe stonosis of the proximal circumflex artery (arrow). D. Balloon
angioplasty of mid left anterior descending in-stant restenosis with a 2.5 x 12 mm balloon (arrow).
E. Excellent angiographic result of mid left anterior descending artery in-stant rostenosis (arrow).
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performed. This resulted in an excellent angiographic re-
sult. The patient was discharged with a limited course of
dual antiplatelet therapy and optimal medical therapy for
his residual coronary disease He had an excellent long—termoutcome.

Commentary: This case was selected to show complex,
patientuCentered decision—making in a patient with acute

coronary syndrome. An early invasive stratification strategy
was employed. Consideration of the patient‘s preferences
and hemorrhagic risk was central in choosing the revas-
cularization approach. Fractional flow reserve provided
physiologic insight into lesions that angiographically ap—
peared severe. thereby mitigating the need for multivessel
revascularization and playing a key role in evidence-based
revascularizarion that met the patient‘s personal and clini-
cal needs.

 '4 The patient is a 79-year-old female with a
history of hypertension and diabetes mellitus. In addition,
she has had angina for many years. which has been stable

and is controlled with beta blocker, arnlodipine, long—acting
nitrates, a statin. and aspirin. She presented to the emergency
room with the acute onset of severe left-sided chest pain and
left arm numbness at rest. Initial EKG was unremarkable;
however, the initial troponin was elevated. She was treated

with intravenous nitrates, clopldogrel, and low molecular
weight heparin. Her chest pain abated upon initiation of her

therapy. and she remained pain free; however, her troponin
peaked at 12. She was referred for coronary angiography and
further therapy.

 

Coronary angiography demonstrated severe three-
vessel coronary artery disease with bifurcation stenosis of

the mid left anterior descending artery involving the os-
tium of the diagonal branch (Figure 41.6), a stenosis of

the proximal segment of a largenbranching obtus: marginal
branch of the circumflex artery, and a subsequent bifurca-
tion lesion of the vessel involving both the ostia of both
terminal vessel branches. The angiogram also demonstrat—
ed moderate to severe stenosis of the distal segment of the
right coronary artery, Left ventriculography demonstrated
markedly reduced systolic function, with an ejection fracr
tion of approximately 30% and with anterior and inferior
hypokinesis and apical dysltinesis. The study was com—
pleted and rcvascularizarion options were considered in a
collaborative heart team meeting of the clinical and inter—
ventional cardiologists and a cardiac surgeon. The dimin~

ished left ventricular function. as well as the angiographic
complexity of the coronary artery disease (numerous le—

sions including multiple, complex bifurcation stenosis.
with the resultant need for many stems}, led the group to
favor CABG. The patients high functional status and lack
of other major morbidities were felt to support this choice

clinically. After consultation with the patient and her fam-
ily, CABG (with five grafts including an internal mammary
artery graft) was performed. The patient had an uneventful
postoperative course.

Commentary: In this case, while percutaneous coronary
intervention was technically possible, the complexity of the
patient's coronary anatomy. as well as the significant reduction

in left ventricular function, favored surgical revascularization,
which was chosen.

 
C
 

‘ Non-ST segment elevation acute coronary syndrome. A. Left anterior oblique view with caudal angu-
' letion demonstratea a bifurcation lesion of the middle left anterior descending artery involving the

ostium Of the diagonal branch (arrow). B. Right anterior oblique view with caudal angulation demon-
strates severe stcnosis of the proximal segment of the large branching obtuse marginal branchhere
is additional stenosis of the distal vessel as it bifurcates into terminal branches, involving the ostis of
both branches (arrow). 0. Angiographv of the right coronary artery in the left anterior oblique view
demonstrates a moderate to severe stenosis of the distal segment iarrow).
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UNPROTECTED LEFT MAIN

CORONARY ARTERY DISEASE 
CASE :1] '5 A 70—year—old man with known severe oc-

clusive peripheral vascular disease and chronic obstructive

pulmonary disease (forced expiratory volume = 'I'OO mL]
developed pulmonary edema requiring intubation and ven-
tilatory‘ support. During an episode of atrial fibrillation with
a rapid ventricular response, the patient developed deep

precordial 5T~segntent depression and hypotension. Owing
to ongoing ischemia despite maximal medical therapy and
ongoing ventilator dependence, coronary arteriography was
performed from the right radial approach. Diagnostic angiog—
raphy demonstrated an 80% ostial left main stenosis, Surgical
consultation recommended that he was not a candidate for

CABG owing to his severe pulmonary disease, and the left
main lesion was corrected by balloon predilatation and im-
plantation of a drug-eluting stent.

CASE 4'] '6 A 62-year-old woman with severe iliofemo-
ral vascular disease underwent CABG for 80% ostia] left main

stenosis and 95% stenosis of the second marginal, The mam~
mary artery was not suitable for CABG. and she received vein

grafts to the left anterior descending and the marginal branch

Five months later she developed recurrent angina. Angiogra—
phy demonstrated preserved left ventricular function and oc—
clusion of the bypass grafts. an 80% ostial left main stenosis,

and an occluded marginal (Figure 41.7A). Her surgeon re—
ferred her for pet-cutaneous revaseularization. Hemoclynamic

support was initiated using an lrnpella device, which was suc—
cessfully advanced through an iliac stent (Figure 41.78). The
marginal artery was recanalized and stented, and the ostial
left main was also stented (Figure 41.8).

A

 
advanced through iliac stent.

 

 

An 85-year-old man with severe pulmonary
fibrosis on home oxygen presented with atrial fibrillation with
rapid ventricular response, pulmonary edema, and non-ST el—
evation myocardial infarction. Coronary angiography demon—
strated critical distal left main disease involving the ostium
Of the LAD, LCX, and ramus intermedius (Figure 4-1.9). The
ejection fraction was 20%. After being declined for CABG, he

was referred for consideration of high-risk coronary interven-
tion. Given the complexity of the stenosis and the severely
reduced left ventricular systolic performance, prior to the
intervention hemodynamic support with TandemHeart was

initiated. The trifurcation lesion was managed successfully
by stent implantation and the patient was symptom-free at
2—year follow-up (Figure 41.10).

Commentary: DiagnosLic coronary angiography uncov—
ers significant unprotected left main coronary artery (ULM-

CA) stenosis in 5% to 7% of cases.”-31 Coronary artery bypass
graft (CABG) surgery has historically reigned as the standard
of care for these high—risk patients based on the improved
survival as compared to medical therapy observed in the
Veterans Administration Cooperative Study and in the Col-
laborative Study in Coronary Artery Surge-rpm” With im—
proved pharmacologic therapy and the dramatic reduction in
res tenosis afforded by DES. enthusiasm for tackling ULMCA
lesions with interventional techniques has mounted. Impor—
tant data from Clinical trials are now available to help guide
decision—making for such high—risk interventions.

The multicenter. nonrandomized Revaseularization for

Unprotected LM Coronary Artery Stenosis: Comparison of

Percutaneous Coronary Angioplasty versus Surgical Revas-
cularization (MAINJCOMFARE) registry examined long-
term outcomes after PCI (DES = 784-; EMS = 318) or CABG

(n = 1,138) for ULMCA stenosis.” After propensity match—
ing, there was no difference in death or the composite of

death. MI. and stroke. However, repeat revascularization was

 
A. Antaroposterior caudal englogram of the left coronary artery. Left main ostial 80% stenosis (white
arrow] and the occluded mid oircumflexfmarginal (double white arrow) are shown. B. impella device
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‘ A.Totally occluded left circumflex (LCXl marginal is recanalized and stented. E. Left main lLlVl] was
very short, and ostial left main stent was placed extending into the left anterior descending artery

 
(LAD), followed by kissing balloons in the LM/LAD and LCX. C. Flight anterior oblique cranial View of
final result showing the LAD to be a smell diffusely diseased vessel mid and distal. D. Anteroposterior
caudal View showing the final results in the LIVI ostium and LOX.

significantly higher after PCI with a hazard ratio of 476 at 3

years (P <1 0.001).
The Premier of Randomized Comparison of Bypass Sur—

gery versus Angioplasty Using Sirolimus-Eluting Stent in
Patients with Left Main Coronary Artery Disease (PRECOMw
BAT) trial randomized 600 patients with ULMCA stenosis
to CABG versus PC] with a sirolirnus DES in a noninfei‘ior-

ity trial.36 Surveillance angiography was performed at 8 to

10 months after PCI or for symptoms. At 1 year the primary
endpoint of death, M1, stroke, or ischeinia—driven target ves-
sel revascularization was reached in 8.7% of PCI and 5.7%

of CABG patients, meeting the wide noninferiority margin
set for this study. The composite event rates at 2 years were

not statistically different (12.2% PCI versus 8.1% CABG),
but there was a significant increase in ischemia—driven tar-

get lesion revascularization after PC! as compared to CABG
(9.0% versus 4.2%). Outcomes favored PCI in isolated left

main or left main plus single—vessel disease, whereas more
complex anatomy favored CABG. The overall low event rates
in this study are notable, and it is unclear if surveillance

Page 139

angiography drove higher repeat revascularization rates in

the PC] group.
The Synergy between PCI with Taxus and Cardiac Sur—

gery (SYNTAX) study randomized 1,800 patients with multi—
vessel or left main CAD to PG with a paclitaxel-eluting stent
versus CABG. As the overall study failed to demonstrate non—

inferiority of PCI. subgroup analyses from this trial are con-
sidered hypothesis generating. In the ULMCA subgroup (705

patients), similar 1 year major adverse cardiac and cerebro-
vascular events were found {15.8% versus 12.7%; F = 0.44).

The incidence of stroke was significantly higher after CABG
(0.3% versus 2.7%; P = 0.009), whereas repeat revascular-
ization was higher with PCI (11.8% versus 6.5%; P = 0.01).
Outcomes with the two strategies appeared to depend in part
on the SYNTAX score, a measure that incorporates lesion
location, lesion complexity, and number of lesions. Coma
posits outcomes were similar for PCI and CABG in patients
with low or intermediate SYNTAX scores. However, patients
with high (>32) scores had a significantly higher rate of the

primary outcome with PCI (25.3% versus 12.9%)” Recent

Teleflex Ex. 2167

Medtronic v. Teleflex

 



 
Page 140

Teleflex Ex. 2167 
Medtronic v. Teleflex 

 
 

.4

Lfig'flhgjqiléj A. Left anterior oblique caudal angiogram showing critical distal LM stenosis (arrow) involving the
'“c ‘ - " origin of the LAD, ramus, and LCX. B.Through an 8F guide, the LAD, ramus, and LCX are wired

(arrows). Cardiac support with TandemHeart is initiated. Left atrial cannula of theTandeml-leart is seen
in the left atrium (double arr-0M.

5—year outcome data on the ULMCA cohort from SYNTAX
show similar outcomes for PC] and CABG (MACCE ol36.9%

versus 31%: p = 0.12), The outcomes were again best in low
and intermediate SYNTAX score patients, and in those with
single- or double—vessel CAD. In those with three-vessel CAD

and high SYNTAX scores, the outcomes appear to continue
to favor CABG‘

The Evaluation of Xiencc Prime or Xience V versus

Coronary Artery Bypass Surgery for Effectiveness of Left
Main lievascularization (EXCEL) trial is currently enrolling
patients with left main disease and a SYNTAX score of £32

to evaluate patients with less complex coronary artery disease
than found in those enrolled in SYt‘l‘fAX.’B This will allow

an asaessment of second—generation DES [or the treatment of
ULMCA.

Technical Considerations

Mechanical support (lntraaortic balloon pump, Tandemi-leart,

lmpclla, ECMO) is generally not required in hemodynami-
cally stable patients undergoing ULMCA PCI. 1n unstable
patients mechanical support may be considered in advance.
and vascular aCCBSS for these devices should be assessed.

Objective lesion assessment with fractional flow reserve (FFR
‘5 0.80) or intravascular ultrasound (IVUS; minimal luminal

area <6 1111112) may help confirm the functional significance

 
‘ A. Origin of LCX is "T stented" with a 2.5 x 18 mm Endeavor using a balloon in the left main to

ensure that the stent does not protrude back into the left main and impede access to the ramus
 

and LAD for additional intervention.The stent is postdilated to 2.75 mm. B.The LAD and ramus
are treated using a 3.0 X 12 mm Endeavor DES (Ramos) and 3.0 X 15 mm Endeavor DES (LAD)
deployed in simultaneous kissing stent fashion. Both are postdilated to 3.5 mm. C. Right anterior
oblique cranial view of the final result after stanting the LAD, ramus, and LOX.

1
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of a lesion. HeaVy endolurninal calcification by IVUS suggests
the need for rotational atherectotny to facilitate stent expan—
sion. Speed is of the essence in PCl of ULMCA. Given the
large volume of myocardiurn subtended, balloons and steals

are all readied prior to critical steps. inflation durations are
minimized, and bailout equipment for side branch occlu4

sion or perforation is on standby While PCI is generally per—
formed on the most distal lesion first. ULMCA .lesions may
require treatment first in order to work distally later without
inducing global ischemia.

'1"he location of the stenosis within the left main coro-

nary artery will generally determine the complexity of the PCI
(see Chapters 28 and 31). About. 30% of stenoses involve the

ostiurn or body of the left main.“9 Focal, ostial/body left main

lesions can generally be treated with short1 large-diameter
stems with a minimum of peri-PCl ischemia. Coaxial guiding
catheter support allows positioning of the proximal portion of

the stentjust 1 to 2 mm within the aorta and fully covering the
ostial left main stenosis. A nonaggressive guide (e.g..]udkins
left) may facilitate controlled guide disengagement to allow
precise positioning of the ostial stent. Short. high—pressure
balloon inflations minimize ischemia time. and provide full
stent expansion,

Left main lesions involving the distal left main bifurca‘
tion account for roughly 60% of ULMCA stenoses.” These

generally require placing the distal portion of the stent within
either the left anterior descending (LAD) or the left circum—

flex coronary artery, or both. One large observational study
of LMCA bifurcation stenting found that a one—stent tech-

nique was associated with reduced MACE at 2 years as com—

pared to a two-stents technique (propensity-adjusted hazard
ratio for the risk of 31-year MACE was 0.53 (95% CI: 0.37 to
0.76)."J Restenosis rates in left main bifurcation lesions are

higher than for isolated ostial/body lesions, with the most
cornmtm site of restenosis being the circumflex ostium.m The

distal LMCA bifurcation angle generally dictates the tech-

nique emplOyed. Angles of ~90 degrees allow T Staning or
one of its variants—techniques that minimize stent overlap.
More acute angles are generally treated with singlcnvessel
provisional stenting or other techniques (crush, Culotte,
V stenting, '1“ and Protrusion). Completion kissing balloon

angioplasty is recommended to optimize stent geometry.
For elective intervention. current 1.1.5. guidelines provide

a class lla recommendation for LMCA l’Cl when the lesion is

250%. the anatomy is consistent with low acute complications
and favorable long—tertn outcome (cg, SYNTAX score 522.

ostial or body location), and there is increased surgical mortality
risk (e.g.. 5T5 mortality prediction of 25%).“ The recommen-
dation is lib for a similar situation with a low-ro-inrermed‘rate

risk of acute complications and an intermediate-to-high likelir
hood of favorable long—term outcome (cg, SYNTAX score 533.

bifurcation left main lesion). PCI should not be performed in
ULMCA for patients with unfavorable anatomy for PCI and

low surgical risk. Given the enormous stakes for patients with
ULMCA. the importance ofa heart team approach to decision-
making in stable patiean cannot be overetnpl'tasized.a
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CHRONIC TOTAL OCCLUSION 
A 59—year—old man. with premature CAD.

prior CABG. and multiple prior PCls of the native vessel

presentecl with severe exertional angina that developed with
exercise and was relieved with rest, despite maximum medi—
cal therapy. Exercise stress testing demonstrated reversible in
ferior wall isclremia (Figure 41.11). Coronary arteriography
demonstrated a patent left internal mammary artery to the
LAD and occluded SVGs to the diagonal branch and posterior
descending branches. The native left coronary artery had a
patent left circumflex coronary artery and diffuse disease of

the LAD and diagonal branches The right corOnary artery
was cctatic and was patent to the posterior descending ar—
teryJust distal to the. crux, there was a total occlusion of the

distal continuation of the RCA (Figure 41.12). A large right
posterolateral branch was being filled by lEft—torrigl'tt and
right—to-right collaterals. Conventional coronary guidewires
were unsuccessful in crossing the occlusion. The Intralumi—

nal Therapeutics Safe Steer RF coronary gttidcwtre was then
used to cross the occlusion using optical coherence reflec—
tomctry guidance, to confirm the intraluminal position of the
guidewirc, and radiofrequency energy to cross the occluded
segment. Once successful wire crossing was obtained, coro-
nary stent placement was performed with normal flow into
the large posterolateral branch.

Indications for Coronary
Arteriography and Percutaneous
Revascularization

Defined as a complete occlusion of 23 months duration,
CTOs are found in up to 50% of patients with significant
obstructive coronary artery disease (270%) at catheteriza-
tion.“ Despite this prevalence. historically only 8% to 15% of
patients with CTO has undergone PCI.a in fact, the presence
of CTO is a major predictor of advising against. l’Cl'” in favor

of medical therapy or CABG.“ This practice pattern likely
reflects uncertainty regarding the clinical benefit of CEO PCl,
as well as the significant technical challenges with this proce-
dure. Fortunately, recent marked advances in. equipment and
procedural technique have rendered CTDs less daunting in
experienced hands. The challenge for interventionalists is to

determine when to tackle these complex lesions and how to
achieve effective revascularizaiion safely and expeditiously
when FCI is attempted.

There are no randomized trials comparing CTO PCI
to medical therapy. The Occluded Artery Trial (OAT) com-

pared PCI to marital therapy for total occlusion of the culprit
vessel 528 days after acute myocardial infarction in stable
patients with high-risk features (proximal vessel occlusion or
ejection fraction {150%}.u PCl did not reduce the incidence

of death, reinfarction, or Class IV heart failure up to 4 years
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: Stress echocardiogram demonstrating inferior—posterior hypokinesis with exercise (arrows). A. Para-

" eternal |ong~axis rest. B. Parasternal long—axis stress. C. Paresternal short-axis rest. D. Parasternal
 

short-axis stress. E. Apical two-chamber rest. F. Apical two—chamber stress. (Courtesy of Noninvasive
Cardiac Laboratory, Brigham and Women's Hospital, Boston, MA.)

as compared to medical therapy (17.2% versus 15.6%), but

the clinical context (recent Mi) and the coronary anatomy
(recent thrombotic occlusion) in OAT were far different

from those of the CTO population. In true CTOs, success-
ful PCl has been assoeiatecl with improved left ventricular
functiort.”v“ reduced angina and need for CABG,” and even
improved sur\rival"“"‘7 when compared to failed procedures.

Other observational data have suggested an adverse prog—
nostic effect of untreated CTO. Fractional flow reserve of the

collateral circulation to CTOs is reliably {0.80, consistent
with isohernia in the CTO territory even in the presence of
large collaterals.” Following primary PCI, nonrevascularized

CTO of a non—infarct related artery at 30 days is associated
with increased long-term mortality.” Among unselected PCI
patients the presence of unattcmpted CTO in two vessels
appears to define the population at highest risk for subse-
quent death and myocardial infarction.“

It is possible that the observed favorable effects of mo

CEszul CTO PCI in fact reflect the fact that patients with failed
or unattempted CT0 PCI may represent a sicker population

or, more ominously. that failed attempted CTO PCI actually
confers harm. Studies in Europe and Asia are currently ran—
domizing CTO patients to PCI versus medical therapy, but
at present we are left to make our best clinical judgment.
Current guidelines provide a Class ila recommendation that

PCI of the CTO is reasonable in patients with appropriate
clinical indications and suitable anatomy when performed by

operators with appropriate expertise.“ A Heart Team approach
is emphasized. with specific input from cardiothoracic sur-

gery. as is an individualized risk—benefit analysis encompass-
ing clinical, angiographic. and technical considerations.

Technical Considerations

Several consensus documents have attempted to formalize a

systematic approach to CTO intervention.5"” Operator expe—
rience and commitment to the technique are considered criti-
cal to the success of complex CTO intervention. Ad hoc PCI
of complex (2105 is discouraged to allow for intensive review
of the angiographic and cliniCal data and to utilize the Heart

Team approach. Bilateral simultaneous coronary angiography
is recommended with minimal panning in low magnification,
injecting the contralateral vessel first. followed by the CTD
vessel to Optimize vessel assessment. Septal collaterais are
best assessed in the RAO cranial and caudal views. Critical

angiographic Characteristics to review include (i) the proxi-

mal cap location and morphology. (ii) lesion length, (iii) size
and quality of the target at the distal cap. and (iv) the collat—

eral vessels?" A clear entry into the proximal cap and a lesion
length >20 mm favor success with a standard antegrade
approach. When the proximal cap has no clear entry point.
or the distal target is poor. or there are favorable collaterals,

a retrograde approach may be preferable. Epicardial collater-
als should be avoided in the retrograde approach owing to
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Fiocanalization of a total coronary occlusion. A. A flush occlusion of the distal continuation of the
right coronary artery (arrow). B. Initial attempts at crossing the occlusion with a hydrophilic coronary
guidowlre result in the creation of a false lumen and parallel tract to the right posterolataral branch
(arrow). C.Tha IntraluminalTherapeutics SafeStaer coronary guidewire is used to advance the wire
into the true lumen using optical coherence reflectometry (arrow). D. Using this method. the guide-
wire is advanced Into the distal portion of the right posterolateral branch. E. A 2.0 mm balloon is used
to dilate the occlusion initially. EThis is followed by stent placement in the very distal right coronary
artery. G. An additional balloon inflation is performed in the distal right posterolateral branch. H.The
final angiographic result demonstrates no residual stenosis and normal flow into the distal vessel.
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perforation risk. Success of retrograde [’Ct is enhanced if the
collaterals have minimal tortuostiy and enter thedistal vessel
far enough beyond the distal cap to allow wire purchase. If
the collateral is the sole source of perfusion to the occluded
vessel, the risk of acute intraprocedural ischernia increases.

Anticoagulation with unfractionaterl heparin is favored
over bivalirudin for PCI on CTO, as it can be reversed in the

case of perforation. Similarly, glycoprotein IIb/llla inhibitors
are avoided. Equipment for pericardiocentesis, enihotizat-ion

coils, and covered stents should be readily available to man-
age perforation. An activated clotting time of E350 seconds

is recommended during retrograde procedures to minimize
the risk of thrombosis in the instrumented collateral ves-

sels.53 Routine use of a two—guide technique is advocated—
one guide for antegrade injection in the CTD vessel and a
second shorter guide (590 cm) in the contralatcral coro—
nary to facilitate retrograde techniques. Large—caliber guides

enhance support and allow exchange of bulky devices or
balloon—trapping techniques, while long~aecess sheaths help
overcome peripheral vascular tortuosity that may otherwise
hinder guide performance. Techniques to minimize radiation
exposure to the patient and the operator (reducing cine and
fluorosmpy frame rates, using “store" fluoroscopy rather than
cineangiography when appropriate, and using additional pro—
tective shielding) should be employed for these potentially
long procedures,

Successful CTO intervention requires familiarity with a
significant number of niche wires and devices. Hydrophilic
0.014 inch wires with 0.009 inch tapered tips of low stiff-
ness are available to probe the entry cap for microchanncls in
the antegrade approach. if unsuccessful, and if the pathway
to the distal lumen is clear, Escalation to increasingly stiff,
nontapered wires is appropriate. A wire—directed retrograde
thtoogh collaterals to the distal cap can provide a target for
antegradc approach. Alternatively, an antegrade suhintimal

dissection appmaCh can be attempted, using a ltnuckled wire
or a blunt-tip metal microcatheter (CrossBoss, Bridgel’oint
Medical. Plymouth, MN). The wire or catheter is advanced

parallel to the true lumen up to the distal cap. With a micro-
catheter in the subintimal space for support, reentry into the

distal true lumen is attempted with a stiff wire. The Sting—
ray system (BrirlgePoint Medical) can be advanced over a
wire into the subintimal space. When. inflated, the balloon
assumes a flat shape with an exit port on either side. A 0.0025

inch wire is then advanced into the appropriate port facing
the true lumen to achieve reentry.

Once successful antegrade wiring is achieved, low-profile
balloons are used to cross the occlusion to establish a chan—

nel for stentlng. If balloons cannot cross, guide support can
be enhanced with a GuideLtner (Vascular Solutions. Minne—

apolis, MN) and wire support can be augmented with various
balloon-trapping techniques. Finally, a Tornus microcatheter
(Asahi lntecc) can be used. This device is counterclocked

over the wire to screw through the lesion. Stents arc supe-
rior to balloon angioplasty for CTO intervention, and DES are
superior to Bub/15.55"”

tn the retrograde approaches, access to the. distal target
vessel via a bypass graft is preferred to a septal collateral, and
access via an epicardial collateral is generally avoided clue to

increased risk of perforation. Generally a low—profile over—

the—wirc balloon or a microcatheter is used to support a long
hydrophilic wire. Once the wire is negotiated into the distal
target vessel, retrograde to the distal cap, the septal is dilated

with a small balloon (~15 mm) at low pressure or using the
Corsair septal dilator microcathcter (Abbott Vascular) to avoid
equipment entrapment in the collateral. A microcathcter is

advanced to the distal cap and the occlusion is traversed using
one of multiple techniques, such as antegrade puncture with
the retrograde wire as a target, retrograde puncture, or reverse
subintimal dissection and reentry. if the lesion is crossed ret-

rograde. subsequent treatment of the lesion is most easily
accomplished by crossing this new lumen antcgrade and come
pleting the procedure in a standard antegrade fashion. Exter-
nalization of the rctrograde wire using a snare is also possible.

In this approach, maintaining microcatheter position. through
the septal collaterals is critical to prevent septal injury during
the wire manipulations. The externalized rail can then he used

to complete the procedure in an antegrade fashion.
In specialized CT0 centers, CTO intervention is success-

ful in up to 85% of cases."3 with substantially loWer success
rates in less experienced hands. Similarly, rates of perforation
and mortality are {1%.5' With DES, target lesion revasculariza—
tion rates are c1096.“ Although a randomized trial of PCI ver—

sus CAEG or medical therapy for CTO is sorely needed, at this
time CTO intervention is a reasonable alternative in appropri—
ately selected patients when performed in experienced centers,

SAPHENOUS VEIN GRAFT DISEASE

 '9 A 60—year—old man with a history ofcoronary
artery disease and prior CABG presented with an acute infe-
rior—wall myocardial infarction. The EKG demonstrated an

inferior—wall myocardial infarction, manifest by ST—segment
elevation of leads 11, Ill, and ML (Figure 41.13). Coronary
arteriography demonstrated a patent left internal mammary

artery (LIMA) to the LAD, patent SYG to the obtuse marginal
and diagonal branches, ostial left main and RCA occlusions,

and a recently reminded SVG to the posterior descending ar-
tery (FDA; Figure 41.14). The occluded SVG to the FDA was

crossed with a 0.014 inch BMW wire, and a distal injection
demonstrated abundant thrombus and a focal stenosis in the

midportion of the SVG. A Olfllli inch FilterWire EZ (Boston

Scientific. Natick. MA) was placed across the stenosis, and
the Fiber-Wire was deployed in a smooth portion of the SVG.
A 5F Angiojet XVG catheter was used to remove the residual
thrombus. Following this, two 3.5 X 33 mm CYPI‘lER stems

were placed in the proximal and mid SVG. The SVG was post-
dilated with a 4.0 min postdilatation balloon. The FilterWire
was then removed, and normal flow was found in the distal
RCA and its branches.
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CASE L11 '10 A 55-year-old man with prior bypass sur—

gery, including a vein graft to the first marginal, presents with
unstable angina. The proximal portion of the graft has been
previously stented and angiography demonstrates a severe
inustent restenosis (Figure 41.15130. The in-stent lesion is
deemed low-risk for distal embolization and no-reflow at the

time of intervention, and stenting of the lesion is performed

without distal protection. The lesion is successfully treated.
but there is now a distal cutoff in the subtended marginal

branch (Figure 41.153). Balloon angioplasty is performed
at the site of distal cutoff with restoration of brisk antegrade
flow with no residual obstruction (Figure 41.153).

Indications for Coronary

Arteriography and Percutaneous
Revascularization

Even with excellent surgical techniques. SVGs are at risk
for deterioration owing to progressive degeneration in the

higher—pressure arterial environment. It is thus estimated that
>50% of SVGs become diseased or occlude within the first

decade after CABG. Repeat CABG for SVG failure, particu-

larly when there is a patent LIMA to the LAD, is associated
With lower success rates and less symptomatic benefit than
those of the initial procedure

Technical Considerations

Anticoagulation for percutaneous intervention on SVGs is
typically achieved with unfractionated heparin or bivaliru-
din. Procedural success with current techniques generally

exceeds 90%” depending in part on the presence of graft

degeneration and lesion location. The major risk of SVG
intervention is the occurrence of distal embolization.” The

degree of rislt for embolization relates to the extent of SVG
degeneration, Which includes an estimate of the percentage of
graft irregularity and ectasia. friability, presence of thrombus,
and number of discrete or diffuse lesions (350% stenosis)

located within the graft. Case selection is therefore critical.

Severely diffusely degenerated grafts wiLh poor distal out-
flow and chronic total SVG occlusions are generally avoided,

particularly if an option for revascularization via the native
coronary circulation exists. Glycoprotein lib/Illa antagonists
are not beneficial in this regard and do not improve overall
outcomes of SVG intervention. Although atherectomy and

thrombectomy have been tried to prevent embolization and
its attendant complications, only the use of embolic protec-
tion devices has resulted in a reduction of adverse clinical

events (see Chapter 29).“

Three general classes of embolic protection devices
have been approved for clinical use; occlusion systems that
use a low-pressure balloon to occlude flow during intervena
tion, emboiic entrapment filters that permit flow through the
SVG during intervention but capture the debris within the
distal filter, and proximal occlusion Systems. The PercuSurgc
Guardwire (Medtronic Vascular, Santa Rosa, CA) device is

a low~profile system (0.014 inch guidewire) with a balloon
that is inflated at low pressures to occlude flow once it is

positioned distal to the target lesion. Any debris liberated
by intervention remains trapped in the stagnant column of
blood and is subsequently aspirated with a different catheter
before the occlusion balloon is deflated to restore antegrade

flow. The BOl‘patient SAFER trial, in which patients under-
going SVG intervention were randomized to stenting using
this distal protection device versus a conventional guidewire,
demonstrated a substantial reduction in 30-day major adverse

clinical events (16.9% to 9.6%) and no—reflow (8.3% to 3.3%)

using the device.” Subsequent trials with distal filters (cg.
FilterWire, Boston Scientific. Natick. MA: SpiderFx, ev3
Endovascular, lnc., Plymouth, MN) and proximal occlusion
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[Figure 41.14 ; Saphenoua vein graft intervention lSVGl. A.The left main coronary artery is occluded at its origin.

' " " ' ' B. The right coronary artery is occluded and fills faintly by right—touright bridging collaterala. C.The
SVG to the diagonal branch is patent. D.The SVG to the ramus branch is patent. E.Tha SVG to an
obtuse marginal branch is patent. EThe SVG to the posterior descending branch is acutely occluded
(arrow). G. After wire recanalization, a large thrombus is seen in the midsegment of the SVG (large
arrow) that extends more distally within the SVG (small arrows). H. An XVG AngicJet catheter (large
arrow) is used to remove the thrombus after placement of a distal protection FilterWire (small arrow).
I. A 3.5 X 33 mm CYPHEFi stent is placed in the distal portion of the SVG. J. Another 3.5 X 33 mm
CYPHER stent is positioned in the proximal portion of the SVG. K. After removal of the FilterWire,
the left anterior oblique projection demonstrates potency of a cascade of posterior descending and
posterolateral branches. L. Complete stent expansion is confirmed in the left lateral projection.
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A. Left panel shows a very proximal lesion owing to in-stent restenosis in a saphenous vein graft to
the obtuse marginal system. The magnified View of the lesion demonstrates a critical lesion followed
by a filling defect just beyond the obstruction. The right panel shows the subtended marginal system
B. Left panel shows distinct cutoff (white arrow) of the upper bra nch of the obtuse marginal owing to
distal embolization during stentlng of the aerial lesion without embolie protection. Right panel shows
restoration of flow after balloon angioplasty of the cutoff site. (Reproduced with permission from: EV
Haddad, Piana FiN. No-reflow. distal embolization and embolic protection. In: Moscucci M. ed.
Complications of Cardiovascular Procedures: Risk Factors, Management and Bailout Techniques.
Lippincott &Wilkins, 2011.}

devices (Proxis Embolic Protection System, St Jude Medical,
Maple Grove. MN) have been noninferiority trials demonstrat-
ing similar ot.ttcot't'tes.""‘Ell Given our inability to predict which
patients will develop an embolic complication. embolic pro-
tection devices should be used in all suitable patients under—

going SVG intervention. Despite this Class 1 recommendation

Page 147

in the 2011 ACCIAHNSCAI PCl guidelines, embolic protec—

tion is used in only ~23% of eligible patients.“
Micmvascular (srtericlar) spasm and dislodgement of

platelet aggregates are also causes of periprocedutal myocar-
dial infarcticn (Ml). In addition to appropriate antiplatelet
and antithrolnbotic therapy, agents to treat microvascular
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