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passage of the balloon into the guiding catheter

down the proximal vessel and across the lesion

Once the dilatation catheter has been posi

tioned within the target stenosis the balloon is

inflated progressively using screw-powered

handheld inflation device equipped with pres

sure dial At low pressure i.e to atm or

30 to 60 psi the balloon typically has an hour

glass appearance due to its central restriction

by the coronary stenosis being treated In soft

lesions this restriction or waist may expand

as pressure is gradually increased allowing the

balloon to assume its full cylindrical shape in

more rigid lesions the restriction may remain

prominent until the balloon expands abruptly at

stenosis yield pressure that may be any

where between and 10 atm 60 to 150 psi

28 Some operators increase pressure rapidly

until all balloon deformity resolves in the hope

that pushing rigid lesions to higher pressure will

produce further balloon expansion but this in

creases the risk of dissection when fibrotic or

calcified plaque yields suddenly With the avail

ability of effective tools for dealing with such

fibrotic or calcific plaques i.e the Rotablator

see Chapter 24 one must then consider whether

it is preferable to treat plaque that resists ex

pansion at 10 atm by rotablation rather than

pushing to the pressures 15 to 20 atm or 225

to 300 psi Fig 23.5 that may be required for

full dilation Calcified or fibrotic rigid stenoses

resist expansion at conventional pressures but

elastic usually eccentric stenoses are also prob

lematic These lesions allow full balloon expan

sion at low pressures but then tend to recoil

promptly once the balloon is deflated This type

of lesion was once treated by repeated inflations

or cautious use of oversized balloons but they

are now treated routinely by stenting with or

without prior debulking by directional atherec

tomy The cutting balloon its surface modi

fied by the application of three to four micro

scopic blades that protrude slightly above the

balloon surface when inflated has also been

used for fibrotic or elastic lesions 29
Despite the more than 20-year history of bal

loon angioplasty there is still little objective sci

ence behind the speed and maximal pressure

used to inflate dilatation balloon The classic

approach is to go deliberately over 10 to 15

seconds to pressure that resolves the balloon

waist and then maintain that pressure for min

ute On the other hand some operators prefer

slower speed of inflation and are prepared to

tolerate mild persistent balloon defonnities that

have failed to resolve at moderate to atm

pressure 30 Fig 23.6 although the evidence

for improved outcome is still inconclushe 31
In addition to this operator-to operator variabil

ity in inflation speed there is wide variation in

the duration of inflation Early data from Kalten

bach et al 32 suggested that inflations of

minute might offer more benefit than the 30-

second inflations used in the early l980s Even

longer 15-minute inflations with perfusion

balloon may produce slightly better acute re

sults with no difference in long-term patency

10
Whatever inflation strategy is selected the re

sponse of each lesion to balloon dilatation must

then be assessed individually so that the dilata

tion protocol can be tailored to achieve the best

possible result The most common way to assess

lesion response to balloon dilatation is repeat

angiography performed through the guiding

catheter By leaving the exchange-length guide-

wire in place during such angiography access

to the distal vessel and the ability to perform

additional intervention e.g repeat balloon in

flation stent placement are maintained Com

plete normalization of the vessel lumen would

be the ideal end result of coronary angioplasty

Given the mechanism of angioplasty see later

discussion the more.typical result of success

ful angioplasty is 30% residual diameter steno

sis i.e 1.9-mm lumen in 3-mm vessel with

some degree of intimal disruption reflected as

localized haziness filling defect or dissection

The operator must decide whether this result is

adequate or whether further treatment is needed

Some additional benefit frequently can be ob

tained by repeated or more prolonged balloon

inflation i.e to minutes rather than the

usual minute which may require use of per

fusion balloon to attenuate associated myocar

dial ischemia larger balloon may provide

greater lumen enlargement This possibility can

be explored by exploiting any compliance in the
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FIG 23.6 Demonstration of low-pressure balloon inflation atm or 30 psi Left top Long calcified

lesion in the middle left anterior descending coronary artery small arrows Left center Rotablator

burr .75 mm arrow being advanced across the lesion Left bottom Result after application of

Rotablator shows residual stenosis despite improvement in lumen long arrow Right top Low-

pressure inflation of 2.5 30 mm balloon shows full expansion of the balloon at either end of the

lesion but tubular mild constriction throughout the lesion arrows Right bottom Despite absence

of full balloon inflation postdilation angiogram shows excellent luminal patency without dissection

open arrow Although higher inflation pressure might have produced further lumen enlargement it

would probably have caused prominent local dissection resulting in the need for stent implantation

despite the unfavorable small caliber and long length of the target lesion

initial balloon e.g inflating it to higher pres

sure such as 10 rather than atm or by using

the next-larger balloon size In doing so how

ever one must weigh any potential benefits

against the clear risk of using an oversized bal

loon Although dilatation with larger balloon

may improve luminal caliber it also may in

crease the risk of producing large dissection

leading to abrupt vessl closure 26 This cre

ates clear dilemma however because better

is frequently the enemy of good Striving for

perfect luminal enlargement with balloon an

gioplasty not uncommonly led to conversion of

patient with fair result to one who had to go

to immediately to the operating room for treat

ment of dissection caused by one more bal

loon inflation

In the stent era of course much less emphasis

is placed on pushing the results of balloon angio

plasty to the maximum Most lesions that can

be stented are stented Even if stenting is not

planned the mere availability of stenting to treat

balloon-induced dissection has helped improve

the results of balloon angioplasty by allowing

the operator to push for the best result knowing

that stenting is always available to fine-tune the
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angioplasty results if there is persistent stenosis

of more than 20% or to repair balloon induced

dissection It remains uncertain what percentage

of patients must be stented for such provi

sional stent strategy to have its results ap

proach those of preemptive stenting see also

Chapter 25 In trials evaluating provisional

stenting upwards of 40% of balloon angioplasty

patients received stents before short and long-

term results were as good as those in patients

who underwent preemptive stenting see Chap

ter 25 But even stenting in the approximately

15% of patients with the worst angioplasty out

comes has substantially improved the results of

balloon angioplasty both acute success and

complications as well as long-term freedom

from clinical and angiographic restdnosis in the

control arm of trials comparing new devices

to balloon angioplästy performed after the 1994

introduction of widespread stenting in the

United States In the current view the best posi

tion for stand-alone balloon angioplasty is in le

sions that are poorly suited to stentingvessels

smaller than 2.5 mm with lesions longer than

30 mm particularly in patients with diabetes

mellitus

Given the importance of achieving the best

acute angiographic result and the uncertainty

about the adequacy of the acute result as as

sessed angiographically number of other tech

niques have been employed to grade the quality

of an arigioplasty result In the initial years of

PTCA operators relied heavily on the transste

notic gradient as an index of dilatation adequacy

seeking postdilation pressure difference of less

than 15 mm Hg betweefl the aortic pressure

measured through the guiding catheter and the

distal coronary artery pressure measured

through the tip of the dilatation catheter In

practice measurement of the gradient is compli

cated by the presence of the dilatation catheter

within the stenosis and the small size of the dila

tation catheter lumen these factors together

with the switch to low-prOfile over-the-wire dii

ätation catheters led to abandonment of the gra

dient measurement by 1988 33 There has been

some recent reawakened interest based on the

availability of newer solid-state pressure-mea

suring guidewires that can be used to assess the

transstenotic gradient at baseline flow and dur

ing maximal hyperemia 34
The fractional flow reserve FFR is defined

as the ratio of distal coronary pressure to aortic

pressure during adenosine-induced hyperemia

see Chapter 18 with goal FFR greater than

0.95 after successful angioplasty The same

type of physiologic assessment can be done

using Dopplerflow-measuring guidewires to as

sess diastolic/systolic flow ratios or coronary

flow reserve CFR as an index of baseline lesion

significance and confirmation of adequate dila

tion Alternatively intravascular ultrasound

IVUS see Chapter 19 can more accurately

measurd lumen diameter and cross-sectional

area after dilation IVTJS has been helpful in pro

cedures such as directional atherectomy or

stenting where additional dilation is likely to

provide further improvement in luminal caliber

It has provided important mechanistic insights

into balloon angioplasty but is not used in more

than 10% to 15% of routine clinical cases be

cause of the added procedural time and expense

In most laboratories the postdilation angiogram

remains the gold standard for determining

whether an adequate result has been obtained

If the intent is to perform stand-alone balloon

angioplasty and the angiogram shows that

technically appropriate attempt at conventional

dilatation has produced poor result residual

stenosis greater than 50% prominent dissection

frank abrupt closure secondary use of new

device such as stent is indicated

Once adequate dilatation is deemed to have

been achieved it is common to withdraw the

balloon catheter completely from the guiding

catheter The exchange-length guidewire is then

left across the dilated segment for several thin-

utes while the treated esse1 is observed over

several minutes for angiographic deterioration

Injections through the guiding catheter with the

balloon removed provide excellent angiographic

visia1ization while the indwelling guidewire

provides easy access to the dilated segment to

permit readvancement of the balloon if needed

With more predictable interventions such as

stenting however single set of postprocedure
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angiograms in orthogonal views is usually suffi

cient to document suitable result injhe treated

lesion and the absence of dissections 6i branch

occlusions in the adjacent portions of the vessel

Once stability ofthe dilated segment has been

established the guidewire is withdrawn and

other significant lesions are dilated similarly or

the patient is transferred to recovery area

POSTPROCEDURE MANAGEMENT

Although the heparin administered during

PTCA was once reversed to allow immediate

removal of the femoral sheaths it lat became

routine to leave the sheaths in place overnight

with continued heparin infusion perfusion of the

sheath lumen Intra-flow II 30 mL/hr and

monitoring for distal limb ischemia This prac

tice allowed prompt vascular reaccess should de

layed abrupt closure occur 35 In current inter

ventional practice however such delayed

abrupt closure occurs so infrequently well less

than 1% that most laboratories now remove the

sheaths later the same day as soon as the heparin

effect wears off There is no evidence that pro

longed postprocedure heparin infusion improves

outcome 36 and there are compelling data that

same-day ACT guided sheath removal has low

ered the incidence of femoral complications and

facilitated next-morning discharge The current

standard is thus to give no further heparin after

an uncomplicated procedure that has had good

angiographic result and then to perform same-

day sheath removal once the ACT has fallen

below 160 seconds When angioplasty is per

formed with 7F or 8F sheaths control of the

arterial puncture site during sheath removal can

be achieved with the same manual compression

techniques used for diagnostic catheterizations

With larger sheaths or more intense anticoagu

lation protocols however prolonged compres

sion more than 30 minutes may be required

this is better performed ith the use of me
chanical aid such as Femo-stop USCI or Corn

pressar Instromedix Sari Diego CA The other

alternative is to perform immediate sheath re

moval in the setting of full heparinization by

using one of the several arterial puncture sealing

devices now available see Chapter

After sheath removal the patient typically re

mains at bedrest for 18 to 24 hours and then

ambulates before discharge On discharge pa

tients are usually given calcium channel

blocker for weeks longer if required for an

other indication such as hypertension and aspi

rin 325 mg/day indefinitely Patients who re

ceived stent are also given additional

antiplatelet therapy ticlopidine or clopidogrel

for to weeks With good angiographic result

in the treated lesions marked jelief of ischemic

symptoms should be expected unless other sig

nificant disease has been left behind In the pa

tient with multivessel disease see later discus

sion it may be particularly helpful to evaluate

the postangioplasty physiologic state by maxi

mal exercise test in the first few weeks after

discharge Earlier i.e predischarge exercise

testing was once performed on routine basis

but has now been largely abandoned due to the

potential for groin rebleeding delay of dis

charge or the small risk of precipitating throm

botic closure of the dilatation site Patients may

return to full activity within 72 hours by which

time the groin puncture site should have healed

sufficiently to allow even brisk physical activity

Patients should expect to have no anginal

symptoms early after discharge Ongoing angi

nal symptoms suggest persistent untreated dis

ease or poor result at the treatment site On

the other hand initial symptomatic relief fol

lowed by recurrence of symptoms after to

months suggests restenosis of the dilated seg

ment Recurrence of symptoms or more years

after successful angioplasty suggests progres

sion of disease at another site Along with educa

tion regarding these possibilities and their pro

posed management repeat exercise testing and

catheterization with the possibility of more

catheter intervention or bypass surgery the

acute angioplasty admission should be viewed as

an opportunity to educate tFie patient and family

about changes in lifestyle or drug therapy to

control hypertension or lipid abnormalities and

to reduce the risk for the progression of athero

sclerotic disease 37
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MECHANISM OF PERCUTANEOUS
TRANSLUMINAL CORONARY

ANGIOPLASTY

According to the original explanation pro

posed by Dotter and Judkins and by Gruent

zig et al the enlargement of the vessel lumen

after angioplasty was ascribed to compression

of the atheromatous plaqueakin to footprints

in the snow In fact true plaque compression

accounts for the minority of the observed im
provement 38 Extrusion of liquid components

from the plaque does permit some compression

of soft plaques but contributes minimally to im
provement in more fibrotic lesions even when

balloon inflation is prolonged to minute Ab
sent significant reduction in plaque volume

most luminal improvement after PTCA seems

to result from plaque redistributionmore like

footprints in wet sand Some of this takes place

ment in the lumen however results from con
trolled overstretching of the entire vessel seg
ment by the PTCA balloon This stretching leads

to fracture of the intimal plaque partial disrup

tion of the media and adventitia with conse

quent enlargement of both the lumen and the

overall outer diameter of the vessel 38 Fig

23.7 Although use of full-sized balloon

balloon/artery ratio of should theoretically

eliminate all narrowing at the treatment site the

overstretched vessel wall invariably exhibits

elastic recoil 3940 after balloon deflation as

well as some degree of local vasospasm 41
These processes typically leave the stretched

vessel with 30% residual stenosis i.e 2-

mm lumen in 3-mm vessel that has been dilated

with 3-mm balloon Newer devices such as

stenting or directional atherectomy are able to

provide lower 0% to 10% rather than 30%
postprocedural residual stenosis by reducing or

even eliminating this elastic recoil and vascular

SECTION VII INTER VENTIONAL TECHNIQUES

ii

by longitudinal displacement of plaque upstream

and downstream from the lesion Most improve- tone

AB

FIG 23.7 Proposed mechanism of angioplasty Deflated balloon positioned across stenosis

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 After

balloon deflation there is partial elastic recoil of the vessel wall leaving residual stenosis of 30%
and local plaque disruption that would be evident as haziness of the lumen contours on angiography

From Willerson JT ed Treatment of heart diseases New York Gower Medical 1992
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In ldition to wrestling with tendencies of the

deeper vessel wall to exhibit elastic recoil the

operator also must contend with the problems

produced by localized trauma to more superfi

cial plaque components This trauma is apparent

as an almost universal haziness of the lumen

margin in the post-PTCA angiogram reflecting

superficial plaque injury 42 Greater degrees of

disruption are reflected by intimal filling defects

Fig 23.8 contrast caps outside the vessel

lumen or spiral dissections that may interfere

with antegrade blood flow Fig 23.9 This local

disruption has been seen on IVUS on an

gioscopy and on histologic examination of post

mortem angioplasty specimens and its extent

correlates with the risk of an occlusive complica

tion 43 see Abrupt Closure Given the

amount of angioblasty that takes place it is

remarkable that dislodgment and distal emboli

zation of plaque fragments seemed to be infre

quent in both experimental studies 44 and most

early angioplasty procedures Disruption of the

plaque however may clearly lead to emboliza

tion of atherosclerotic debris in patients

undergoing dilatation of saphenous vein by

pass graft and in those with large thrombi adher

ent to the lesion 45 In these patient distal em
bolization of large more than mm plaque

elements is usually manifested as an abrupt

cutoff of flow in the embolized distal vessel

In contrast microembolization of plaque debris

or adherent thrombus may be more common

than suspected 46 and may contribute to post-

procedure chest pain and enzyme elevation In

2% to 5% of angioplasties particularly of vein

grafts or platelet-rich thrombi in patients with

recent myocardial infarction there may be

dramatic reduction in antegrade flow with

manifestations of severe ischemia chest pain

ST-segment elevation This may be caused by

release of vasoactive agents including seroto

nm which may cause intense arteriolar vaso

spasm of the distal microvasculature or by liber

ation of very large number of microemboli that

physically plug the distal microcirculation It is

important to distinguish this no-reflow phe

nomenon from more proximal causes of flow

restriction dissection spasm proximal throm

bosis because the no-reflow phenomenon can

usually be quickly reversed by administration

of low doses of intracoronary calcium channel

blockers e.g 100 pg of verapamil or 500 1ag

of diltiazem into the distal vessel 4748 Oth

ers have reported reversal with distal injections

of other vasodilators such as adenosine or nitro

prusside but the syndrome is usually not respon

FIG 23.8 Normal healing of percutaneous transluminal coronary angioplasty PTCArelated coro

nary dissection Compared with the baseline angiogram the immediate post-PTCA angiogram

shows enlargement of the left anterior descending coronary artery lumen with two small filling

defects typical of an uncomplicated coronary dissection Follow-up angiogram months later

shows preservation of luminal caliber with complete healing of the localized dissection From Bairn

DS Percutaneous transluminal coronary angioplasty In Braunwald ed Harrisons principles of

internal medicine update VI New York McGraw-Hill 1985
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sive to nitrates When drug therapy is not effec

tive at restoring normal flow the patient with

no reflow will almost certainly go on to sustain

substantial MI and consideration should be

given to intraaortic balloon counterpulsation

support In patients with vein graft disease alter

native approaches distal occlusion aspiration

devices or debris filters are being investigated

to prevent this problem before it occurs see

Chapter 24
Although it is theoretical possibility with

sufficient local stretching trauma frank vessel

rupture has turned out to be rare consequence

during conventional balloon angioplasty bar

ring the use of significantly oversized balloons

49 Such vessel perforation is more common

approximately 1% incidence when new ather

ectomy devices such as directional atherectomy

rotational atherectomy or laser angioplasty are

used 50 see Chapter 24

ACUTE RESULTS OF ANGIOPLASTY

Early published data on coronary angioplasty

success derive moStly from the 3000-patient

NHLBI Angioplasty Registry which collected

all procedures performed between 1977 and

September of 1981 51 Although case selection

in the registry focused on ideal PTCA candi

datesthose with proximal discrete concen

tric subtotal noncalcified stenoses of single

vesselthe primary success rate of 63% would

be considered disappointing by current stan

dards The main explanations for this low rath

were failure to cross the lesion with the dilata

tion system 29% of cases and failure to dilate

the lesion adequately once having crossed it

12% of cases These failures resulted from two

factors the relative lack of experience of opera

tors contributing cases to the registry the

learning curve and the use of original Gruen

tzig fixed-wire dilatation catheters which had

limited maneuverability comparatively high

deflated balloon profile and low peak inflation

pressure

Despite the inclusion of patients with more

difficult coronary anatomy progressive im

provement in equipment with widespread avail

ability of steerable guidewires since 1983 has

FIG 23.9 Coronary dissection leading to abrupt reclosure The appearance of right coronary

artery stenosis before and immediately after coronary angioplasty with an evident localized

dissection Within 15 minutes after removal of the dilatation catheter the patient experienced chest

pain associated with inferior ST-segment elevation and angiographic evidence of progressive dissec

tion with impeded antegrade flow Standard management in 1980 when this case was done

consisted of emergency bypass surgery which was accomplished without complication Current

practice would be to attempt to recross the lesion and tack down the dissection by repeat balloon

inflation or more likely to place stent From Baim DS Percutaneous translurriinal angioplasty

analysis of unsuccessful procedures as guide toward improved results Cardiovasc IntervenRadiol

1982
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allowed progressive improvement in the primary

success rate of coronary angioplasty The

second PTCA registry enrolled patients at 14

centers between 1985 and 1986 52 with suc

cess rate of 90% Moreover analysis of compli

cations in the 19851986 registry 53 shows

concomitant reduction in the incidence of emer

gency bypass surgery from 5.8% to 3.5% and

reduction in the mortality rate for patients with

single-vessel disease SVD from 0.85% to

0.2% although overall procedural mortality re

mained close to 1% because of the inclusion of

greater numbers of patients with multivessel dis

ease In the late 1980s and early 1990s success

was obtained in roughly 85% of patients

undergoing balloon angioplasty with major

complications occurring in roughly 6% of pa

tients and including death in 1.5% Q-wave Ml

in 1.5% and emergency surgery in 3% These

outcomes 1ave improved further with the intro

duction of new deviceslate 1990s with acute

procedural success rising to more than 95% and

major adverse cardiac events falling to roughly

3% death 1% emergency surgery 0.7% and

Q-wave or large nonQ wave MI 1.3%

Anatomic improvement after an angio

graphically successful PTCA correlates with

elimination of angirial symptoms and improved

function on atrial pacing or conventional exer

cise testing 5455 Studies using thermodilu

tion videodensitometry and Doppler flow mea

surement have shown restoration of coronary

flow reserve after successful coronary angio

plasty although full normalization may take

matter of weeks to return see Chapter 18

COMPLICATIONS

As specialized form of cardiac catheteriza

tion coronary angioplasty is attended by the

usual risks related to invasive cardiac procedures

see Chapter In contrast to diagnostic proce

dures the larger-caliber guiding catheter used

for angioplasty is more likely to result in damage

to the proximal coronary artery and to cause

local bleeding complications at the catheter in

troduction site Selective advancement of guide-

wires and dilatation catheters into diseased coro

nary arteries may lead to vessel injury if they

are manipulated too aggressively The most

common complications of coronary angioplasty

however relate directly to local injury at the dil

atation site caused as part of the angioplasty pro

cess 56 as described in the section concerning

mechanisms se earlier discussion

Coronary Artery Dissection

Although plaque dissection may be caused by

overly vigorous attempts to pass the guidewire

through tortuops stenotic lumen most dissec

tions are the result of the controlled injury

induced intentionally by inflation of the dilata

tion catheter 3738 In fact localized dissec

tions can be found routinely in animal or cadav

eric models of angioplasty and are evident

angiographically in approximately one half of

patients immediately after angioplasty 42
When these dissections are small and nonpro

gressive and do not interfere with antegrade flow

in the distal vessel they have no clinical conse

quence other than transient mild pleuritic chest

discomfort Follow up angiography as soon as

weeks after the angioplasty procedure usually

demonstrates complete healing of the dissected

segment Fig 23.8 although localized forma

tion of aneurysm at the site of dissection has

occasionally been described 5758

Abrupt Closure

Although small dissections may be well toler

ated large progressive dissections may interfere

with antegrade flow and lead to total occlusion

of the dilated segment phenomenon known as

abrupt closure Fig 23.9 With the use of bal

loon angioplasty alone before the advent of new

devices abrupt closure occurred in approxi

mateli 5% of patients as the result of compres

sion of the true lumen by the dissection flap 43
with superimposed thrombus formation platelet

adhesion or vessel spasm In one study 59
postangioplasty dissections were evident angio

graphically in 40% of dilated lesions with spiral

type dissectioris 51 in 3.5% of patients

The presence of type dissection increased

the risk of frank or threatened abrupt closure

residual stenosis greater than 50% with re
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duced antegrade flow from baseline of 6.1%

to 28% This finding supports the earlier find

ings of Ellis et al 60 showing five fold in

crease in abrupt closure with postprocedure dis

section and stressing the relative importance of

the postprocedure result as opposed to prepro

cedure clinical or angiographic variables Table

23.1 on the risk of abrupt closure

Most abrupt closures after stand-alone bal

loon angioplasty developed within minutes after

the final balloon inflation so that it was desir

able to observe the patient for 10 minutes before

leaving the catheterization laboratory Abrupt

closure could also occur up to several hours later

in 0.5% to 1% of cases particularly as the hep
arm anticoagulation wore off Under those cr

cumstances it was heralded by severe chest pain

and clear electrocardiographic changes usually

ST-segment elevation similar to those observed

during prolonged balloon inflation Before 1985

most patients who experienced abrupt closure of

major epicardial coronary artery went directly

to emergency surgery in an effort to minimize

the amount of consequent myocardial damage

The rate of emergency surgery was 5% to 6%
but even with emergency surgery within 90 mm
utes after the onset of vessel occlusion up to

50% of patients sustained Q-wave MI 61
The development of perfusion cathetersin

fusion catheters or angioplasty balloons with

multiple sideholes along their distal shaft to

allow 40 to 60 mL/min of blood to enter proxi

mal to the site of occlusion flow through the

central lumen and reexit into the lumen distal

to the point of occlusionallowed patients to

go to the operating room in nonischemic state

Fig 23.4 reducing the incidence of transmural

infarction during emergency surgery to approxi

mately 10% 62 Once it was realized that many

abrupt closures can be reversed by simply re

advancing the balloon dilatation catheter across

the lesion to tack up the dissection via re

peated balloon inflation 35 Fig 23.10 the

emergency surgery rate fell in half to roughly

3% Prolonged balloon inflations up to 20

minutes using an autoperfusion balloon 63 to

FIG 23.10 Reversal of abrupt closure by repeat balloon inflation Eccentric stenosis in the mid-right

coronary artery left arrow dilates center with production of large dissection curved arrow

focal dye stain open arrow and retarded distal flow Repeat inflations with 0.5-mm-larger balloon

catheter using inflation durations of up to minutes tacked up the dissection to provide stable

luminal appearance right arrow Approximately 50% of abrupt closure events can be reversed in

this manner with up to 90% reversal by use of coronary stent
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limit ongoing ischemiafurther improved the

ability to reverse abrupt closure

Since 1993 the availability of coronary stents

has increased the certainty of reversing abrupt

closure to almost 90% 64 This success has

made it routine to stent any patient with large

postprocedure dissection as preemptive treat

ment for threatened abrupt
closure even

when flow compromise is not apparent With

elective stenting of more than 80% of interven

tional procedures this problem has been largely

eliminated and emergency surgery rates having

fallen below 0.5% Beeause emergency surgery

is still required in some cases the recommenda

tion is still in place to perform eleciive coronary

angioplasty only in sttings where the resources

for prompt emergency bypass surgery are avail

able 16
Beyond the mechanical issues of residual ste

nosis and local dissection it is now clear that

platelet-rich clots contribute significantly to the

abrupt closure process The presence of throm

bus reflected as globular filling defect in

creases the risk of abrupt closure from 7.2% to

27.8% 59 The role of thrombus in abrupt clo

sure is further supported by an increased risk of

abrupt closure in patients with subtherapeutic

ACT value 20 and by the reduction of ischemic

end points seen in patients treated with bolus

plus infusion of various platelet Jib/lila integrin

blockers Table 23.2 17 Although platelets

may adhere to damaged vessel walls through

other receptors it is the activation of the 50000

to 80000 glycoprotein lib/lila receptors on each

platelets surface that allows them to bind avidly

to librinogen to cause platelet aggregation and

thrombosis Vessels with moderate local dissec

tion but preserved antegrade flow are more

likely to stay patent in the presence of agents

that reduce the affinity of the activated Jib/lila

receptor for fibrinogen thereby reducing the in

cidence of emergency surgery or unplanned

bailout stent placement These agents also ap

pear to reduce the incidence of periprocedural

MI particularly the incidence of creatine kinase

CK elevations nonQ wave MIs that are seen

in 10% to 30% of patients undergoing coronary

intervention 65 Until it is clear that prophylac

tic use of such agents improves hard end points

such as mortality or emergency surgery how

ever the expense and increased bleeding risks

associated with the use of these agents has con

strained their use in most laboratories to the 30%

to 40% of patients who have high-risk lesion

morphologies or suboptimal mechanical result

after mechanical intervention

In certain subgroupsthose with extensive

prior or ongoing myocardial damage multives

sel disetse large myocardial territory perfused

by the target stenosis or prior coronary bypass

surgerythe consequences of abrupt closure

may be more severe Before the widespread

availability of stenting these patients had pro

cedure related mortality rate several times

TABLE 23.2 Intravenous blockers of the platelet glycoprotein jib/lila receptors used during

coronary intervention at Beth Israel Deaconess Medical Center

Tradename Agent Manufacturer Loading dosea Infusion for 24 hr

ReoPro Abciximab Lilly/Centicor
250 ug/kg 0.25 0.125 /Lg/kg/min max

mg/kg 10 g/min

Aggrastat Tirofiban Merck 12 pg/kg over 0.1 g/kg/min one

minutes half dose for Cc
30

Integrilin Eptifibatide Key/Cor 180 pg/kg may 2.0 g/kg/rnin

be repeated

10 mm later

Various dose regimens of these agents are in use in different laboratories and the ability to monitor platelet

receptor occupancy is still limited Care should be taken to avoid excess heparin administration activated clotting

time 250 sec when llb/llla blockers are given and to check for early profound thrombocytoPenia incidence

approximately 1% as well as potentially serious excessive bleeding that may require discontinuation of the

infusion or administration of fresh platelets Although tirofiban and eptifibatide have short half lives approximately

90 mins after discontinuation abciximab has persistent effects for 2448 hours after discontinuation of the

infusion See Dobesh RP Latham KA Advancing the battle against acute ischemic syndromesa focus on the

GP llb/lla inhibitors PharmacotheraPY 1998 for additional information on these agents
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higher than the 0.3% to 0.6% rate seen with elec

tive coronary angioplasty 66 This required the

most vigilant surgical standby and immediate

availability of hemodynamic support devices

including intraaortic balloon counterpulsation

and potentially percutaneous cardiopulmonary

support CPS via 18F femoral arterial and ve

nous cannulas 6768 see Chapter 21 More

recently however the high degree of reliability

of stent intervention has meant that such patients

do well with nothing more than prophylactic iü

traaortic balloon counterpulsation

Other Complications

number of other complications have been

described as the result of coronary angioplasty

wave Ml occurs in approximately 1% of pa
tients 53 often as result of abrupt closure or

snowplow loss of major side branch origi

nating withiti or in close proximity to the lesion

being treated If creatine kinase MB CK-IvlB

isoenzyme levels are measured routinely how

ever 10% to 30% of patients show some eleva

tion after apparently uncomplicated procedures

65 Usually as the result of distal microemboli

zation or loss of smaller side branches The im

portance of these infarctlets is stifi the subject

of some debate Certainly larger nonQ wave

infarctionsthose with absolute CK-MB levels

greater than times the upper limit of normal

or those associated with new ST wave abnor

malitiesprobably have the same import as

periprocedural Q-wave infarction Overnight

electrocardiographic monitoring is prudent and

discharge should be delayed for 24 to 48 hours

to ensure clinical stability The debate however

centers on smaller elevations of CK-MB be

tween and times normal These events do

not significantly impair ventricular function or

increase the 1-year mortality rate and in our lab

oratory we dO not generally classify such enzy

matic abnormalities as significant infarctions or

delay the timing of planned discharge 69 On

the other hand number of large studies have

demonstrated that patients with CK-MB eleva

tions to times greater than normal have an

increased incidence of adverse events variously

identified as death repeat MI repeat revascu

larization at to years Were this cause-

and-effect relationship one would expect those

randomized device trials in which one study arm

had greater CK elevation e.g directional ather

ectomy to show higher mortality which has not

been the case 70 One would also expect that

drug interventions that decrease the frequency of

CK-MB elevation e.g llbIIIIa platelet receptor

blockers would significantly lower mortality

but this has been seen only for post hod selected

subgroups In pooled analysis of more than

12000 interventional patients enrolled in ran

domized trials of JIb/ha receptor blockers ver

sus placebo the odds ratio for mortality at

months was 0.90 95% confidence interval 0.70

to l.l6 .41 17 If the relationship is not

cause-and-effect the other possibility is that

both the CK elevations and the variety of late

events are related to common factor con

founder such as the diffuseness of atheroscle

rotic disease By analogy to the example of the

association of carrying matches and lung cancer

through the confounder of cigarette smoking

devices or drugs that decrease the incidence of

CK elevation would not change the underlying

disease process or its late manifestations any

more than banning matches would eliminate

smoking-related lung cancer Until and unless

cause-and effect relationship is demonstrated

i.e through an across-the-board reduction in

late mortality by periprocedural lIb/Illa blocker

administration the practice in my laboratory is

to use these agents only for the approximately

30 40% of patients who have certain high-risk

lesions or lesions in which the best attempt at

mechanical revascularization still fails to plo

vide an angiographically perfect result

Other than embolization of plaque constitu

ents embolization of large thrombi that are ad

herent to the stenosis may occur and should be

taken into account during angioplasty of patients

with unstable angina or acute MI see earlier

discussion This may include overnight intra

coronary infusion of thrombolytic agent or use

of one of the new mechanical thrombectomy de

vices see Chapter 24 Embolization of smaller

thrombus or plaque particulates which can

cause slowed antegrade perfusion and transmu

ral ischemia in the absence of proximal vessel

compromise or distal cutoffs known as the no
reflow phenomenon 45 It is most common

Page 115 Medtronic Exhibit 1015



CHAPTER 23 CORONARY A1\IGJOPLASTY 569

2% to 8% in patients who undergo treatment

of lesion responsible for recent MI or treatment

of saphenous vein graft Th mechanism may

include embolization of platelet-rich thrombi

that release vasoconstrictive substances e.g se

rotonin which can cause intense vasospasm of

the distal microcirculation or release of athero

sclerotic plaque debris particularly during vein

graft intervention that can sludge the distal

vessels 46
Occlusion of branch vessels originating from

within the stenotic segment occurs in 14% of

vessels at risk during angioplasty of the main

vessel according to what has been called the

snowplow effect 71 Fig 23.11 if the

branch vessel is small this event usually has

no significant clinical sequelae and should not

discourage attempted angioplasty On the other

hand if large branch vessel originates from

within the stenosed segment simultaneous dila

tation of the main vessel and the involved branch

with two separate dilatation systems the kiss

ing balloon technique may be required for

preservation of both vessels 72 This originally

required two separate guiding catheter and bal

loon dilatation catheter systems Fig 23.12 Al

ternatively two guidewires were inserted

through single guiding catheter one guidewire

being placed into the main vessel and one into

the involved side branch to allow advancement

of balloon catheter into one and then the other

vessel 73 Current large-lumen guiding cathe

ters and low-profile dilatation systems now

allow actual kissing.balloon inflations through

single guiding catheter The results can be im

proved however by performing atherectomy of

both the parent and branch vessel 74 see

Chapter 24 When the involved side branch is

noncalcified and larger than 2.5 mm directional

atherectomy of the main vessel and then the side-

FIG 23.11 The snowplow effect Dilatation of mid-right cOronary artery stenosis left resulted in

occlusion of diseased right ventricular branch thatoriginated from within the stenotic segment

right There were no clinical sequelae Approximately 14% of involved branches suffer similar fate

From Bairn DS Percutaneous transluminal angioplasty In Braunwald ed Harrisons principles of

internal medicine update VI New York McGraw-Hill 1985
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FIG 23.12 Kissing balloon treatment of bifurcation lesion Left top severe stenosis involves

the bifurcation of the left anterior descending LAD coronary artery dark arrow and large diagonal

branch open arrow With conventional dilatation of the LAD the diagonal branch would be at risk

for snowplow occlusion which did occur left bottom Note however second guidewire open

arrow which was placed in the diagonal branch before LAD dilatation to allow alternating dilatation

of the LAD and the diagonal branch When this failed to provide adequate improvement in both

vessels true kissing balloon procedure simultaneous inflation of two balloon catheters was

performed right bottom Although some luminal thrombus was present right top it had resolved

at follow up angiography the next day

branch ustiuiii has proved to be an effective way

of maintaining patency of both vessels Fig

23.13 For smaller branches or calcified bifur

cations rotational atherectomy provides similar

benefit Various stent strategies have been used

in bifurcation lesions but at this time none offers

significant benefit in long-term patency over the

atherectomy approaches followed by kissing

balloon dilatation

Perforation of the coronary artery with stiff

guidewire occurs rarely and does not necessarily

have dire consequences unless device is

passed over the wire or the wire perforation

takes place in patient receiving platelet

Jib/lila receptor blocker Frank rupture of the

coronary artery resulting from use of too large

dilatation balloon or use of an atherectomy

device see Chapter 24 can cause vessel perfo

ration that leads to rapid tamponade and hemo-

dynamic collapse 4950 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 antiplate

let therapy in addition to full heparinization

This potential complication and the infrequency

less than of severe bradycardiac complica

tions support our recommendation against pro

phylactic pacing during coronary angioplasty

19 Ventricular fibrillation occurs in approxi

mately 1% of angioplasty procedures 53 usu

ally as the result of prolonged ischemia during

balloon advancement or inflation In addition to

causing electrical instability ischemia during

balloon inflation may cause marked electrocar

diographic changes 75 abnormalities in re
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gional left ventriciil ar systolic and diastolic

function 7677 and regional myocardial lac

tate production

Although angioplasty guidewires and cathe

ters are extremely reliable devices failures can

occur when any device is subjected to severe

operating stresses as when guidewire is ro

tated repeatedly in single direction while its

tip is held fixed in total occlusion or when

balloon cathete is inflated past its operating

pressure range in an attempt to dilate resistant

stenosis In small percentage of cases this may

lead to detachment of part of the wire or dilata

tion catheter with fragment remaining in the

coronary artery 78 In the stent era this also

includes dislodgment of bare-mounted stent

from its delivery balloon To avoid the need for

surgical removal the angioplasty operator

should be familiar with the techniques of cathe

ter retrieval 79 Finally the operator must be

careful to limit the amount of contrast material

administered usually to or at most mL/kg

to avoid renal toxicity particularly during com

plex or multivessel procedures

THE HEALING RESPONSE TO

CORONARY ANGIOPLASTY
RESTENOSIS

After successful balloon angioplasty the body

attempts to repair the damage caused by the pro

cedure-related mechanical injury Within min

utes carpet of platelets and fibrin is deposited

Within hours to days inflammatory cells begin

to infiltrate the site cytokines are released arid

vascular smooth muscle cells begin to migrate

FIG 23.13 Bifurcation atherectomy Left top Bifurcation stenosis involving the circumflex arrow

and the large obtuse marginal branch Left center Directional atherectomy of circumflex has pro

vided large smooth lumen curved arrow with ongoing stenosis of the origin of the marginal branch

smaII arrow Left bottom After atherectomy of the marginal branch excellent patency of both the

main vessel and the involved side branch have been secured Right top Position of the directional

atherectomy catheter during cuts in the circumflex Right bottom Position of atherectomy catheter

during cuts in the marginal branch Atherectomy of the main branch and involved side branch followed

by kissing balloon dilatation remains an effective way to approach such lesions see reference 74

although several stent-based approaches are being developed see Chapter 25
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from the media toward the lumen These smooth

muscle cells and fibroblasts convert from their

normal phenotype to synthetic phenotype and

remain in this form as they undergo hypertrophy

proliferate and begin to secrete extensive extra-

cellular matrix The luminal surface is simul

taneously colonized by endothelial cells that

slowly regain their normal barrier function and

secretory functions in making tissue plasmino

gen activator tPA and endothelial-derived re

laxation factor Along with this proliferative

neointimal response there may be further elastic

recoil and fibrotic contraction of the vessel wall

during this period Different arteries and inter

ventions appear to result in different degrees of

proliferation and vessel contractionfor exam

ple stents renarrow exclusively by neointimal

hyperplasia whereas most other devices also

undergo significant amount of late narrowing

due to contraction unfavorable remodeling of

the entire vessel wall 80 There are also signifi

cant patient-to-patient variations in the late heal

ing response after coronary intervention re

flected in variables amounts of late loss in

lumen diameter between the completion of the

intervention and the time when the repair pro

cess stabilizes roughly months Fig 23.14

Follow-up angiography shows continued main

tenance of lumen diameter at the treated site be

yond to months 81
If the healing response is excessive however

most or all of the gain in lumen diameter pro

duced by the initial intervention may be lost to

the healing process This causes the return of

severe stenosis and ischemic symptomsa phe
nomenon known as restenosis of the dilated seg

ment 82 Fig 23.15 Throughout the l980s

restenosis was considered to be dichotomous

outcome i.e it either did or did not develop

large number of competing dichotomous re

stenosis definitions e.g loss of half the gain

late loss more than 0.72 mm were developed

adding to the general confusion about restenosis

rates Although great deal was learned about

restenosis from the study of conventional angio

plasty patients e.g its time course histology

various clinical factors correlating with an in

creased incidence of restenosis 83 data de

rived from stent and atherectomy procedures

FIG 23.14 Mechanisms.of restenosis cross-

section of restenotic lesion in the left anterior

descending coronary artery months after initial

coronary angioplasty shows the original athero

sclerotic plaque AS the crack in the medial

layer induced by the original procedure star
and the proliferation of fibrocellular tissues FO
that constitutes the restenotic lesion From Ser

ruys PW et al Assessment of percutaneous
transluminal coronary angioplasty by quantitative

coronary angiography diameter versus videode

nsitometric area measurements Am Cardiol

1984

have led to new paradigms for evaluating reste

nosis 84 It is now considered more useful to

consider restenosis as continuous variable

cumulative distribution curve may be used to

show the ranked population distribution of the

late result expressed either in terms of late

lumen diameter or late percent diameter steno-
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FIG 23.15 Clinical restenosis through totally occluded right coronary artery with filling of

the distal vessel by way of left to right collaterals The essentially normal appearance of the right

coronary artery after successful angioplasty The appearance weeks later when angina had

recurred The appearance after
successful repeat percutaneous transluminal coronary angioplasty

PTCA Restenosis developed again after weeks but the patient has now been asymptomatic

after third PTCA procedure From Dervan JP Bairn DS Cherniles et at Transluminal angioplasty

of occluded coronary arteries use of movable guidewire system Circulation 1983

sis for the whole treated population Fig 23.16

On the diameter stenosis curve the percentage

of the population with late diameter stenosis

of more than 50% analogous to the original di

chotomous Emory definition serves as useful

benchmark for comparing the angiographic re
stenosis rates between different populations or

treatment groups

Further understanding is gained by comparing

the acute gain in lumen produced by the inter

vention to the late loss in lumen diameter that

results from the healing process Every treated

lesion undergoes some degree of late loss but

this process usually negates only part roughly

half of the acute gain so that long-term net

gain in lumen diameter and alleviation of is-

chemia results Another important finding is the

tendency toward linear relationship between

late loss in lumen diameter caused by the prolif

erative and fibrotic reaction of the artery during

the healing phase and the acute gain in lumen

diameter caused by the intervention The slope

of this relationship the loss index is roughly

0.5 for most interventions corresponding to the

payment of late loss tax equal to about half

of the acute gain Larger lumen diameters imme

diately after intervention translate into larger

lumen diameters at 6-month angiographic res

tudy the bigger is better dictum To date all

new mechanical devices e.g stents directional

atherectomy that have lowered the restenosis

rate compared with balloon angioplasty have
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FIG 23.16 The view of restenosis as 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

stenting the y-axis shows the percentage of patients who have stenosis greater than the value on
the x-axis The ability of stenting and atherectomy to lower restenosis is shown by shift of their

cumulative distribution function curves to the left If dichotomous definitiàn of restenosis is applied
the intersection of each curve with late diameter stenosis of 50% vertical line corresponds to

dichotomous restenosis rate of 43% for angioplasty 31% for atherectomy and 26% for stenting

From Kuntz RE et al Novel approach to the analysis of restenosis JAm Co/I Cardiol 1992
1493

done so by providing larger acute lumen diam
eter more acute gain Once minimal lumen di

ameter is included in the statistical model the

particular device used stent or atherectomy ver

sus PTCA is no longer an important determi

nant of restenosis Fig 23.17

The importance of postprocedure geometry to

the late result does not however mean that other

biologic variables are unimportant number

of biologic factors e.g diabetes LAD lesion

location prior restenosis the presence of previ

ously activated smooth muscle cells have been

shown to increase the loss index to as high as

0.70 84 level at which even perfect 0% rp

sidual stenosis acute results are associated with

large late loss small net gain and high

restenosis rate in vessels smaller than mm
From this perspective drug or other treatment

that could decrease the loss index tax rate

would be dramatically effective in reducing re

stenosis Efforts to reduce the restenosis rate by

manipulating procedure-related variables such

as duration of conventional balloon inflation

10 have been largely unrewarding unless like

stenting they produce markedly more favorable

acute results i.e larger posttreatment minimal

luminal diameter Similarly trials of numerous

drug regimens e.g aspirin nifedipine ticlopi

dine steroids prolonged heparin administration

fish oil mevinolin ketanserin have shown no

beneficial effect against restenosis The search

for such treatments is vital however since find

ing an agent that would decrease the loss index

even slightly e.g from 50% to 35% would

have major impact on angiographic restenosis

rate Because the complex healing response in

volves so many mechanisms smooth muscle

cell proliferation matrix synthesis recoil and

fibrotic vessel contraction and because it ap

pears to be driven by variety of agonists e.g
platelet derived growth factor thrombin

agents such as antisense DNA to the protoonco
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FIG 23.17 The strongest determinants of the probability of restenosis using definition of late

diameter stenosis greater than 50%are large postprocedure lumen diameter and low residual

percent stenosis Once these variables are taken into account it no longer matters which device

was usedit is the result and not the device that matters Balloon angioplasty triangles resulted

in 2- to 2.3-mm lumen with 40% restenosis rate whereas stenting produces 2.9- to 3.2-mm

lumen with 20% restenosis rate slightly worse results with stenting in the STRESS study are

shown as well Directional atherectomy squares had an angioplasty-like result in CAVEAT but

more stent-like result in BOAT and OARS see Chapters 24 and 25 Modified from Kuntz RE et at

generalized model of restenosis following conventional balloon angioplasty stenting and directional

atherectomy Am Coil Cardiol 993 15

gene c-myc that selectively inhibit final com

mon pathway smooth muscle cell division may

be of benefit 85 In conventional angioplasty

where late vessel contraction in addition to the

neointimal proliferation response plays an im

portant role drugs such as probucol which seem

to favorably affect late remodeling may be of

value 86 On the possibility that antirestenosiS

drugs might have to be delivered locally or in

high concentration or prolonged duration to the

treatment site number of local drug delivery

systems and sustained-delivery vehicles are

being investigated 87 The other promising ap

proach is local radiation therapy brachyther

apy Studies with both y- and /3-radiation

888989a suggest that dose of roughly 1400

to 1800 rad cGy delivered to the treatment site

by catheter system retards the local prolifera

tive response and may be promising primary

or secondary treatment for restenosis particu

larly the purely proliferative restenosis that takes

place within stents

LONG-TERM RESULTS OF
ANGIOPLASTY

Although the preceding discussion of resteno

sis emphasizes mechanistic and quantitative an

giographic analyses of late outcome with an

emphasis on the status of the treated site the

long-term clinical benefit of coronary angio

plasty as strategy for treating patients with cor

onary artery disease derives from its ability to

prevent subsequent ischemic events The tradi

tional measure of this ability has been the free

dom of angioplasty patients from any subse

quent events including death MI or repeat

rev ascularization procedure either repeat PTCA

or late bypass surgery As trials of new devices

have unfolded however it has become increas

ingly important to distinguish whether the cause

of late cardiac event or repeat revascularization

is restenosis of the dilated segment or the un

checked natural history of coronary artery dis

ease i.e the persistence or progression of dis

ease elsewhere in the coronary tree In general
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the events that develop during the restenosis

windowthe first months after successful an

gioplasty reflect predominantly restenosis of

the treated segment 84 Given the quiescence

of the dilated lesion beyond months 8190
most of the events that develop after months

reflect the progression Qf disease at other sites

Fig 23.18 Because most late events trigger

repeat cardiac catheterization it is possible to

decide whether the originally treated lesion was

responsible thus filtering late clinical end

points into those that are and are not related to

failure at the original treatment site target lesion

revascularization or TLR Such distinctions

have become commonplace when reporting or

comparing the incidence of clinical events after

1_

particular coronary intervention On the otIer

hand when strategies for treating the patient

with coronary artery disease are compared i.e
medicine versus angioplasty or angioplasty ver

sus bypass surgery the more meaningful com

parison remains the occurrence of any late clini

cal event

The concept of collecting and analyzing late

clinical nd angiographic follow-up data began

with Gruentzig original eries of 169 patients

of whom 133 underwent successful procedure

in Zurich between 1977 and 1980 10-year

follow-up study on that group 91 showed an

overall survival rate of 89.5% higher in the 81

patients with SVD than in the 52 patients with

multivessel disease 95% vs 81% respectively

FIG 23.18 Recurrent angina caused by progressive disease in nondilated segment Left coronary

artery in right anterior oblique projection before and after successful dilatation of the middle

left anterior descending LAD coronary artery Despite the presence of moderate lesion in the

circumflex marginal branch this patient had an entirely normal exercise tolerance test until the recur

rence of symptoms year later and Preserved patency of the LAD but interval progression of

the circumflex stenosis which was then dilated successfully to restore an asymptomatic status From
Baim DS Percutaneous transluminal coronary angioplasty analysis of unsuccessful procedures as

guide toward improved results Cardiovasc Intervent Radio 982 86
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This was comparable to the 92% survival rate

in the 36 patients who underwent unsuccessful

PTCA of whom 32 had coronary artery bypass

graft CABG surgery emergency in 13 and

elective CABG in 19 Angiography at months

showed recurrence in 38 patients 31% reste

nosis rate 36 of whom had associated symp

toms Only additional patients who had pat

ent angioplasty site at months developed

restenosis later during follow up 3% later re

stenosis rate although 25 patients 18% went

on to develop significant narrowing at other non-

dilated sites during follow-up At 10 years pa
tients with single-vessel versus multivessel dis

ease at the time of initial PTCA had substantially

better clinical outcomes with lower actuarial

incidence of MI 9% vs 29% MI or bypass

surgery 26% vs 48% and MI bypass surgery

or repeat PTCA 37% vs 44% They also had

better symptomatic status with freedom from

angina in 79% versus 67% respectively

These long-term data from this index an

gioplasty series are mirrored in more recent stud

ies except for much higher initial procedural

success rate Because most of the late events

relating to the treatment site occur in the first

to months it is appropriate to concentrate on

shorter follow-up period i.e year fol

low-up report on 838 patients with SVD in the

19851986 Registry 92 showed mortality in

1.6% Ml in 1.9% repeat angioplasty in 12.1%

and bypass surgery in 6.2% within the first year

after hospital discharge In more recent studies

in which balloon angioplasty has included stent

ing of the worst acute results see earlier discus

sion of provisional stenting the incidence of

repeat revascularization within the first year in

patients with single-vessel intervention has

fallen further with TLR rate by either catheter

intervention or bypass surgery of only 17% and

similarly-defined year TLR rates in some stent

trials as low as 12%
The repeat revascularization rates for patients

with multivessel disease are clearly higher see

later discussion In the 19851986 Registry pa

tients with multivessel disease had higher in-

hospital mortality rate than those with single-

vessel disease 1.7% vs 0.2% adverse events

within the first year after hospital discharge were

only slightly more common mortality in 2.8%

MI in 3.4% but patients with multivessel dis

ease had an increased need for repeat revascu

larization This has been borne out in the ran

domized trials e.g Bypass Angioplasty

Revascularization Investigation com

paring angioplasty with bypass surgery for pa
tients with multivessel coronary artery disease

where up to 35% of angioplasty patients but

only 5% of surgery patients required repeat

rev ascularization within the first year after treat

ment 92 Newer studies in which patients with

multivessel disease are treated with stenting

rather than with conventional balloon angio

plasty alone as in the studies performed in the

late l980s have reduced approximately

20% late need for repeat revascularization

Until practical and completely effective

means of preventing restenosis is established

patients who develop recurrent symptoms in the

months after successful angioplasty should be

presumed to have problem with restenosis

They should be scheduled for repeat coronary

angiography with the anticipation that should

the presence of resteno sis of the dilated segment

be confirmed repeat intervention Fig 23.15

will be performed during the same procedure

When repeat balloon angioplasty was the only

such procedure available it was noted that the

acute success and safety rates of repeat angio

plasty for restenosis were somewhat higher than

those of first angioplasties but that at least 30%

of such patients would go on to develop second

restenosis 93 At particularly high risk 94
were men with long lesions or associated disease

progression at other sites who presented with

recurrent stenosis within months after the first

dilatation Subsequent restenoses were treated

by third fourth or even fifth dilatations al

though the restenosis rate approached 50% as

the number of repeat dilatations increased 95
Many patients with recurrent restenosis ulti

mately chose the alternative of surgical revascu

larization In.the new device era most such pa

tients will have undergone stent placement for

these lesions at some point in their treatment

history Although this may decrease the inci

dence of subsequent restenosis when it does

occur the special considerations relating to the
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treatment of in stent restenosis apply see Chap
ters 24 and 25 With recent studies suggesting

that local radiation brachytherapy is the key

to controlling in-stent restenosis however this

long-standing limitation of angioplasty may be

largely controlled

Several other causes of recurrent symptoms

after apparently successful coronary angioplasty

should be considered The first is coronary artery

spasm which may be exacerbated within the

first weeks after the procedure 96 Many

groups use calcium channel blockers during this

period particularly given the suggestion that un
controlled spasm may increase the chance of or

ganic restenosis 97 second cause of recur

rent symptoms after successful angioplasty is

persistence of disease in undilated segments

Whereas cardiac surgeons routinely bypass all

significant stenoses at the time of surgery most

angioplasty operatdrs confine their efforts to the

severe greater than 70% stenoses 98 leaving

behind more moderate lesions that are unlikely

to cause persistent symptoms The rationale for

this approach is that dilatation of these milder

lesions requires additional time and administra

tion of contrast medium exposes the patient to

additional hazards of abrupt vessel closure and

may initiate progressive restenosis leading to

more severe lesion than was present initially

99 On the other hand failure to dilate signifi

cant and clinically relevant lesions in patients

with multivessel disease may cause persistent

symptoms leading to subsequent need for revas

cularization Fig 23.1 When symptoms recur

more than months after successful dilatation

disease progression is the most likely explana

tion 100 Whether symptom recurrence is trig

gered by restenosis or lesion progression repeat

catheter-based intervention is usually effective

in long-term nonoperative management 101
Late stenosis at the left or right coronary ostium

presumably the result of guiding catheterin

duced injury also has been reported as rare

cause of late symptom recurrence 102 and is

readily apparent on angiographic restudy

CURRENT INDICATIONS

With the improvements in equipment and

technique that hav been described coronary an

gioplasty has grown progressively through the

1980s and 1990s Fig 23.1 By 1990 more than

400000 angioplasty procedures were performed

annually represent almost half all revasculariz

ations angioplasty plus bypass performed in

the United States each year By the end of

the 1990s the number of percutaneous catheter

based revascularizations including both con

ventional balloon angioplasty and the ever-

growing family of newer devices had grown to

more than 500000 The fact that there has been

no demonstrable fall in the use of bypass surgery

during this period suggests that the use of angio

plasty has moved beyond the narrow group of

patients who would have undergone bypass sur

gery as had been suggested in the original

NHLBI registry guidelines to the point where

it is now also seen as an alternative to medical

therapy in selected patients

These trends toward greater reliance on cathe

ter-based intervention are also evident in the

record of individual programs Since the mid

1980s about one third of all patients coming

through our diagnostic laboratory have been

treated by coronary angioplasty Data from

Emory between 1981 and 1988 103 show

similar pattern The percentage of diagnostic

catheterization patients going on to coronary an

gioplasty increased from 4.3% to 30.3% while

the percentage undergoing bypass surgery de

creased only from 44.0% to 28.5% Therefore

almost as much of the growth in angioplasty pro-c

cedures over that period was explained by con

traction of the fraction of patients treated medi

cally from 1.7% to 41.2% as by the shift from

surgery to angioplasty In survey of practice

extending from 1989 to 1997 at the 17 U.S sites

that participated in the BARI trials see Mul
tivessel Coronary Artery Disease the percent

age of all revascularizations that were catheter

based versus surgical increased from 52.2% to

62% by 1997 with corresponding growth of

new devices from 11.6% to 67% of all catheter

based procedures 104
Because the person who is responsible for

case selection is often the person who will per

form the angioplasty it is critically important

that operators have full understanding of the

indications and outcomes so that only suitable

patients are treated The issues that need to be
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addressed include how compelling is the din

ical justification for revascularization do the

culprit lesions have anatomic features that

suggest reasonable level of safety and probabil

ity of successful dilatation what combination

of conventional balloon angioplasty and newer

interventional devices would offer the best

short- and long-term outcomes and does an

gioplasty compare favorably or at least equally

with the other therapeutic options such as bypass

surgery or continued medical therapy This eval

uation process involves integration of complex

clinical angiographic pathophysiologic and

technical knowledge to decide whether partic

ular patient is candidate for angioplasty and

therefore constitutes an important component of

angioplasty operator training see earlier discus

sion

With the rapid growth of coronary angio

plasty several cardiology organizations have

prepared position statements that attempt to out

line its correct utilization 16105 Table

23.3 These statements are useful compilations

that outline some well accepted indications and

contraindications for coronary angioplasty but

they each consign situations in which decisions

are difficult and individualized to possibly

indicated category In an effort to review some

aspects of these evolving or controversial indica

tions the following discussion of various ana

tomic clinical applications of coronary angio

plasty is offered

Single-Vessel Coronary Disease

When the NHLBI registry was formed in

1979 patients were selected in the context of

the abilities of then-current angioplasty equip

ment and the considerable risk of the new thera

peutic modality To be candidates for coronary

angioplasty patient was required to have medi

cally refractory angina objective evidence of

myocardial ischemia and single-vessel coronary

disease 51 with lesion that was proximal

discrete subtotal concentric and noncalcified

Although these criteria in the form of the Amer

ican College of Cardiology/American Heart As

sociation AHA/ACCI lesion classification

scheme continue to identify patients with the

Potential indications

Significant stenosis of one or more major epicardial

arteries which subtend at least moderate-sized

area of viable myocardium in patient with any of

the following

Recurrent ischemic episodes after myocardial

infarction or major ventricular arrhythmia

Angina that has not responded adequately to medical

therapy

Clear evidence of myocardial ischemia on resting

ambulatory or exercise electrocardiography

Objective evidence of myocardial ischemia that

increases the overall risk of required noncardiac

surgery

Acute myocardial infarction with obstruction or severe

stenosis of the infarct-related vessel

Potential absolute or relative contraindications

High-risk anatomy including significant left main

coronary artery disease in which vessel closure

would probably result in hemodynamic collapse

Severe diffuse and/or extensive coronary artery

disease better treated surgically

Target lesion morphology type with anticipated

success less than 60% unless PTCA is the only

reasonable treatment option

No coronary stenosis greater than 50% diameter

reduction

No objective or compelling clinical evidence of

myocardial ischemia

TABLE 23.3 Clinical indications for percutaneous transluminal coronary angioplasty PTCA

Absence of on-site surgical backup qualified PTCA

operators or adequate radiographic imaging

equipment

aGeneral concepts behind patient selection for PTCA favor anatomically suitable lesions in patient with

convincing clinical presentation suggesting benefit from revascularization The application of these concepts to

individual patients requires considerable clinical judgment
Modified from Ryan TJ et al Guidelines for percutaneous transluminal coronary angioplasty report of the

ACC/AHA task force Am Coil Cardiol 1993222033
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TABLE 23.4 Characterization of lesion suitability AHAIACC AB Classificationa

Type lesions

minimally complex

Type lesions

moderately complex

Type lesions

severely complex

Discrete length 10 mm Tubular length 1020 mm Diffuse length cm
Excessive of

Concentric

Readily accessible

Eccentric

Moderate tortuosity or proximal segment

tortuosity

segment

Nonangulated segment 45
Smooth contour

Moderately angulated segment

450 9Q0

Extremely angulated segments
9Q0

Total occlusions old
Little or no calcification Irregular contour

and/or collateralsLess than totally occlusive

Not ostial in location

Moderate or heavy calcification

Total occlusions mo old

bridging

Inability to protect majdr side

branchesNo major side branch Ostial in location

vein with
involvement Bifurcation lesions requiring double Degenerated grafts

friable lesionsAbsence of thrombus guidewires

Some thrombus present

Although the ABC lesion classification was generated by consensus rather than prospective analysis it still

correlates well with the expected outcome of the procedure Minimally complex type lesions have the highest

probability of success and the lowest probability of complication Moderately complex type lesions have

somewhat lower probability of success and somewhat higher probability of complication particularly if multiple

type factors are present Severely complex type lesions have the lowest probability of success and the

highest probability of complication and are generally avoided The availability of new devices has upgraded

some traditional and morphologies For example calcified lesions respond well to rotational atherectomy

bifurcation lesions respond well to directional atherectomy and vein grafts respond well to stenting

highest likelihood of success Table 23.4 major

improvements in equipment and technique have

permitted the safe and effective application of

coronary angioplasty in patients with far less

than this ideal anatomy Steerable guidewires

dilatation catheters with smaller deflated pro

files and adjunctive devices such as stenting

directional atherectomy rotational atherectomy

and excimer laser have allowed operators to at

tempt dilatation nf prngressively more complex

anatomic lesions in progressively sicker pa
tients with ever-improving results Recent data

suggest that lesions high AHA/ACC class

does not itself correlate with unfavorable suc

cess or complication probability rather that

specific morphologies such as bifurcation le

sions or degenerated saphenous vein grafts are

more predictive 106 106aand that experi

enced operators are able to select lesions at low

medium or high risk of compliöation in way

that transcends their AHA/ACC class 107
However the clinical and anatomic circum

stances have changed patients with single le

sion needing treatment still account for the ma
jority of angioplasty procedures In the Emory

data from 1988 318 46% of 692 patients with

SVD were treated by angioplasty compared

with 159 30.1% of 528 patients with double-

vessel disease and 43 10.6% of 405 patients

with triple-vessel disease 103 In those patients

with SVD the intent of angioplasty is not to

improve life expectancy which is already excel

lent with medical therapy although Duke data-

bank analysis does suggest slightly higher 5-

year survival rate with angioplasty 95% vs

93% with CABG and 94% with medical therapy

108 Rather the primary intent in the patient

with angina due to SVD is to improve quality

of life by alleviating angina The Veterans Ad
ministratioll VA Angioplasty Compared to

Medical Therapy ACME trial 109 suggested

that even conventional balloon angioplasty is

better able to achieve this goal than is ongoing

medical therapy Despite PTCA success rate

of oniy 80% 64% of PTCA patients compared

with 46% of medically tteated patients were

free of angina at months with the PTCA pa
tients showing greater increase 2.1 minutes

in exercise time off antianginal medication

compared with 0.5-minute increase in the

medical patients receiving aritianginal drugs

The price paid for this symptomatic improve

ment was small risk of acute complications

2% emergency bypass 1% Q-wave MI and

23% need for repeat procedure PTCA in 16%

bypass surgery in 7% in the cohort assigned to
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PTCA In contrast 9% of the group assigned to

medical therapy had late angioplasty for refrac

tory symptoms At months there was one

death in the medical group and none in the an

gioplasty group Follow-up to years showed

ongoing symptomatic benefit in the angioplasty

group Based oi these data not all patients with

stable angina resulting from SVD need to

undergo angioplasty particularly if they are rea

sonably content with their quality of life on med

ical therapy Most patients however seek better

exercise tolerance or relief from medication side

effects if angioplasty for an anatomically suita

ble single-vessel lesion can be offered at low

risk This would appear to be an even more com

pelling option since the possibility of stent place

ment has further reduced the short-term risk of

failure or complication as well as the long-term

risk of restenosis In the setting of unstable an

gina or acutefMl the use of angioplasty to treat

SVD becomes even more reasonable see later

discussion

Total Coronary Occlusion

Although total occlusion was initially con

traindication to attempting angioplasty it has

been clear since the early to mid-1980s that

many chronic total occlusions can be dilated suc

cessfully The main reason to attempt such pro

cedure is if the distal myocardium receives col

laterals that are adequate to maintain viability

but inadequate to meet the increased demand of

exercise Fig 23.19 The main challenge in an

gioplasty of total occlusion is the need to pass

guidewire through the area of occlusion and

into the vessel lumen beyond This is best done

by crossing through the path of least resistance

i.e the latent true lumen without causing

vascular dissection or perforation in the attempt

The traditional approach is to use series of

guidewires progressing from soft- to stiff-

tipped to gently probe the stump of the occlu

sion until the latent vascular channel is entered

Thewire is then rotated and advanced millimeter

00

\jV

MMHG

FIG 23.19 Angioplasty of totally occluded left anterior descending LAD coronary artery shown

before and after angioplasty The proximal PROX and distal DIST LAD presence This

patient had normal anterior wall motion because of the presence of right-to-left collaterals capable

of maintaining distal occluded LAD pressure of almost 50 mm Hg but not capable of meeting flow

requirements during exertion From Dervan JP Baim DS Cherniles et al Transluminal angioplasty

of occluded coronary arteries use of movable guidewire system. Circulation 1983
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by millimeter through the total occlusion until

it emerges into the distal coronary artery beyond

Even in experienced hands this approach has

primary success rate in cases of chronic total

occlusion of only 60% to 70% 110 mostly be

cause of inability to advance the guidewire

across the occlusion The presence of one or

more chronic total occlusions is one of the most

common reasons for sending patient to bypass

surgery rather than attempting angioplasty Until

alternative approaches such as drug- or laser-

induced angiogenesis to enhance collateral in

flow or more effective mechanical devices are

developed the biggest factors in approaching

total occlusions successfully will be careful case

selection and operator expertise

The success rate may be higher for chronic

occlusions that have tapered or funnel-like

entry suggesting the presence of small 0010-

inch residual lumen 111 The presence of

bridging vasa vasora collaterals across the area

of total occlusion has been thought to be nega

tive predictor of success but with careful tech

nique staying within the lumen rather than exit

ing into the vasa success and safety comparable

to that seen without such collaterals can be

achieved 112 This is facilitated by aiming de

liberately toward the continuation of the vessel

which can be aided by performing separate con

trast injections into the contralateral collateral-

supplying coronary artery to opacify the target

vessel beyond the area of total occlusion and

by visualizing the anatomy with biplane fluoros

copy or frequent alternation of the single-plane

projection The success of crossing such lesions

has improved with the introduction of stiffer and

lubricious coated guidewires Choice-PT

SciMed Shinobi Cordis Corporation Miami

FL 113 and ball-tip wires Magnum Sci Med
114 variety of other approaches have been

evaluated including low speed rotational anglo

plasty 115 ultrasound vibrational angioplasty

116 and the excimer laser guidewire 117
None of these more aggressive techniques has

significantly increased the ability to cross the

chronic total occlusion and they tend to increase

the incidence of vessel perforation or extensive

local dissection Still newer techniques includ

opment If device can be found that safely im

proves crossing success for these difficult

lesions it will greatly increase the number of

patients who can be served by coronary angio

plasty

Once the guidewire has been passed into the

distal vessel treatment of the total occlusion

proceeds as does any other catheter-based inter

vention If crossing the lesion has been difficult

or has required the use of aggressive guidewire

manipulation it is appropriate to confirm that

the distal wire position is in fact intraluminal

before advancing or inflating larger devices by

performance of distal injection through an in

fusion catheter e.g Ultrafuse-X Boston Scien

tific Natick MA This injection also evaluates

the distal anatomy for additional areas of dis

ease Once these issues are clear the lesion can

be crossed with balloon catheter and dilated

in the usual manner Perhaps because of compet

itive flow by way of distal collaterals plaque

bulk or other lesional characteristics success

fully dilated total occlusions appear to have

higher 40% to 50% restenosis rate than do sub

total stenoses 110 Several randomized trials

have shown that long-term patency can be im

proved by the use of coronary stents which fur

ther improve the acute lumen caliber with re

stenosis rate of 32% after stenting compared

with 74% with balloon angioplasty alone 118

Multivessel Coronary Artery Disease

With the improved success rate in single-yes

sel coronary angioplasty extension of the tech

nique to patients with multivessel disease

seemed natural Selected patients with severe

stenosis of two or even all three coronary arteries

began to be considered for true multivessel an

gioplasty in the late 1980s But most patients

with multivessel disease who received angio

plasty actually underwent single-vessel dilata

tion with the hope that correction of the most

severe culprit lesions would control ischemic

symptoms even though milder lesions in other

vessels remained untreated 98 Although it is

possible to attempt angioplasty on these milder

residual lesions experience showed that these

ing forward looking imaging are under devel dilatations carried significant risk of acute yes-
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sd occlusion and their treatment could initiate

the restenosis process resulting in the formation

of severe stenosis within matter of months

99 On the other hand leaving significant le

sions untreated increased the chance of late

repeat çprocedure angioplasty or bypass sur

gery In one analysis 119 performing incom

plete revascularization leaving behind stenses

greater than 50% in vessels greater than 1.5 mm
in diameter more thin doubled the chance of

late event and increased the risk of 5-year events

by 50% even after adjustment for other variables

such as left ventri6ular function angina class

and territory at risk This is an important consid

eration because fewer than half of the patients

undergoing angioplasty in the setting of mul

tivessel disease meet these strict criteria for com

plete revascularization 92120 Furthermore

angioplasty in multivess1 disease is more de

manding technically than single-vessel angio

plasty and carries higher risk of complications

should vessel occlusion occur 5253
Reanalysis of the medicine versus surgery

trials from the 1970s only strengthened the
clusion that bypass surgery offers clear benefit

over medical therapy in patients with multives

sel disease 121 It was therefore important to

determine how well angioplasty as an initial

strategy would compare with bypass surgery

Registries such as the Duke database suggested

t1at surgery would have survival benefit over

angioplasty in patients with triple-vessel disease

or double-vessel disease involving severe steno

sis of the proximal LAD 108 To gain clearer

picture several randomized trials of angioplasty

versus surgery in multivessel disease were per

formed in the late 1980s Several of the trials

have been summarized in metaanalysis by Po

cock 122 and two are discussed here in some

detail

Both the Emory EAST trial 123 and BARI

92 showed that fewer than 15% of screened

patients with multivessel disease could even be

considered suitable for angioplastychief ex

clusions being one or more chronic occlusions

left main coronary artery disease or left yen

tricular ejection fraction of less than 25% About

60% of the randomized group had double-vessel

disease and 40% had triple-vessel disease In

EAST angioplasty compared with surgery

provided somewhat less complete initial revas

cularization 73% vs 99% slightly lower in

cidence of maj or in-hospital complications

death 1% MI 3% vs 10% stroke 0.5% vs

15% and lower initial hospital cost Over the

next years although patients treated by initial

angioplasty had similar total mortality rate

7.1% vs 6.2% they were much more likely to

undergo an additional revascularization proce

dure repeat angioplasty 41% vs 13% bypass

surgery 22% vs 1% to treat angina due to reste

nosis of the dilated segment or territory not

revascularized during the initial procedure Al

though this eroded much of the initial hospital

savings it did not increase the incidence of late

irreversible events i.e death MI In the ran

domized portion of the BARI trial of 1829 pa

tients 92 all lesions were successfully dilated

in only 57% of patients an average 1.9 of 3.5

significant lesions per patient in comparison

there was complete surgical revascularization in

91% of patients 3.1 coronaries bypassed De

spite slightly lower incidence of in-hospital

death or Q-wave MI 3.0% vs 5.8% and simi

lar 5-year survival rate 86.3% vs 89.3% pa

tients treated with initial angioplasty were more

likely to undergo repeat revascularization

54% including 31% with subsequent CABG
than patients undergoing initial bypass 8% Of

concern in ART patients with diabetes fared

significantly worse with angioplasty than with

surgery with year all-cause mortality rates of

34.5% and 19.4% respectively 95% confidence

interval for difference 1.4% to 28.9% This

may reflect the more diffuse nature of coronary

disease and th higher incidence of restenosis in

diabetics see Restenosis The difference be

tween surgery and angioplasty was much less

pronounced in the BARI Registry 5-year mor

tality rate 14.4% vs 14.9% for surgery 124
With the freedom of the registry operators gen

erally performed angioplasty on diabetic pa

tients who had more localized angiographic dis

ease For example the incidence of triple-vessel

disease in registry was 35% for angioplasty and

60% for bypass in the randomized BARI cohort

these figures were 43% and 45% respectively

This complex issue needs to be addressed further
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in the and 10-year follow up of BARI 124a
and the planned BARI-II trial but it is reasona

ble to continue to offer catheter-based revascu

larization to those diabetics who have reason

ably discrete lesions while referring patients

with more diffuse disease to bypass surgery

125
Based on these data fewer than 20% of pa

tients with multivessel disease are likely to be

judged as good candidates for coronary angio

plasty compared with more than half of those

with SYD 103123124 These selected pa
tients can be offered initial arigioplasty without

increasing their risk of subsequent death or MI
but they must be prepared to accept four-fold

e.g 54% vs 13% increased need for subse

quent revascularization procedure including

22% chance that they will ultimately need by
pass surgery anyway Otherwise bypass surgery

should remain the standard approach to patients

with diffuse multivessel coronary artery disease

in whom it provides more durable benefit than

angioplasty particularly in patients with under

lying diabetes The durability of the result may
be improved however through.the use of other

non-balloon technologies such as coronary

stenting Preliminary data suggest that patients

treated by multivessel stent placement have

lower and acceptable incidence of late ievascu

larization with repeat angioplasty rates of 25%

to 30% and low incidence of late bypass sur

gery less than 5% in anatomically suitable pa
tients 126127

Trials comparing surgery versus stenting are

in progress to reexamine the question in the con
text on the modem new device era but even

these trials do not include newer modalities such

as minimally invasive bypass of the LAD com
bined with catheter-based treatments of the cir

cumflex and right coronary artery 128 or the

inclusion of catheter-based treatments of signifi

cant left main coronary artery stenosis Balloon

angioplasty of left main lesions not protected

by patent graft to the LAD or circumflex was

previously demonstrated to have poor long-

term outlook Experience in the stent era indi

cates good acute results in elective left main pro

cedures but sill high 10% or more mortality

rate in the first year probably reflecting resteno

sis 129 As the predictability and durability of

catheter-based intervention continue to improve

it is likely that its indications will encompass

more patients with left main or multivessel dis

ease

Bypass Grafts

Bypass surgery provides excellent early

symptomatic benefit but 40% of saphenous vein

conduits become occluded and many more de

velop severe narrowing within 10 years after sur

gery 130 Although only 2% of such patients

require angioplasty or repeat bypass surgery

within the first years 31% require repeat

revascularization by year 12 including 20% re

operation and 15% PTCA 131 Internal mam

mary conduits have better long term track

record 132 but some of these grafts develop

early significant stellosis at the distal anastomo

sis Finally patients with previous bypass sur

gery frequently develop new or progressive dis-

ease beyond graft insertion site or in

ilongrafted vessel over time By these various

mechanisms it is common for the patient who

has undergone previous bypass operation to

develop recurrent angina Although this can be

managed by repeat bypass surgery repeat sur

gery is higher-risk procedure in patient popu
lation that is older and sicker than those undergo

ing initial bypass With the progressive growth

of coronary angioplasty many such patients can

be managed by catheter-based intervention on

the diseased graft or stenotic native vessel and

angioplasty of postoperative patients accounts

for approximately 20% of current volume Al

though angioplasty has lower in-hospital mor
tality rate than reoperation 1.2% vs 6.8% late

mortality is similar and angioplasty carries

higher incidence of repeat interventions includ

ing 24% 5-year risk of requiring reoperation

133
When attempting angioplasty in patient with

previous bypass surgery the operator should

keep in mind that the extensive mediastinal fi

brosis and risk of injuring functional anterior

grafts would prolong the time required for emer

gency surgery should complication of angio

plasty occur Although vein graft stenoses that

occur within the first year after surgery are
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caused most cpmmonly by intimal hyperplasia

and respond quite well to balloon dilatation late

vein-graft stenoses average years after sur

gery are caused more commonly by diffuse ath

erosclerosis that has distinct tendency to frag

ment and/or embolize into the distal coronary

bed during dilatation 134135 Fig 23.20 In

1993 itport of their experience with arigio

plasty for bypass grafts de Feyter et âl 135
found primary success rate of 88% with com
plications including death 1% MI 4% emer

gency bypass 2% and distal embolization

3% Although these acute results may be ac

ceptable they also found that dilated graft le

sions had high restenosis rate 42% overall

and the rate was even higher in the midportion

and body of the graft 58% and 52% respec

tively Other factors associated with increased

risks of poor acute result included grafts older

than to years multiple lesions or diffuse dis

ease small graft diameter and the presence of

intragraft thrombus each of which increased the

restenosis rate to almost 80% In addition to

plaque friability older grafts frequently contain

thrombus which may embolize during at

tempted angioplasty Grafts with large throm

botic filling defects were often pretreated by in

tracoronary infusion of thrombolytic agent

136 such as urokinase 50000 to 100000 IU/

hour or recombinant tissue plasminogen activa

tor r-tPA 20 mg over 20 minutes to dissolve

clot and allow the underlying stenosis to be di

lated Fig 23.21 More recently such grafts

have been approached with extraction atherec

tomy TEC or rheolytic thrombectomy Possis

AngioJet Minneapolis MN to remove thrombi

before definitive meèhanical intervention see

Chapter 24 similarapproach can be used on

grafts that are more chronically occluded but

poor long-term patency gives such procedures

only marginal utility 137
As with other lesion types the availability of

new devices has improved the results of vein

graft treatment Directional atherectomy has

been used successfully but the randomized CA
VEAT-TI trial failed to show significant benefit

in long-term outcome see Chapter 24 On the

other hand stenting has consistently shown su

perior short- and long-term results Fig 23.20

Early registries from both my institution 138
and the Washington Hospital Center 139 in the

early 1990s used Palmaz-Schat coronary and bil

FIG 23.20 Saphenous vein graft intervention Left Eccentric sterlosis in the midportion of an 8-

year-old saphenousvein graft to the left anterior descending coronary artery Center After conven

tional balloon angioplasty there is marked disruption of the plaque and elastic recoil leaving 70%

residual stenosis Right After placement of single PalmazSchatz stent there smooth lumen

with no residual stenosis These excellent acute results plus the favorable late restenosis rate make

stenting the treatment of choice for the focally diseased.saphenous vein graft
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of thrombolytic agent see Chapter 24

iary stents in population whose mean graft age

exceeded years and achieved 98% acute suc

cess almost 0% residual stenosis acute compli

cations in less than 2% and an angiographic re

stenosis rate in the 17% to 25% range Although

quite small approximately 200 patients total

the randomized SAphenous VEin graft Disease

SAVED trial confirmed these benefits over

conventional balloon angioplasty 140 and

made stenting the preferred therapy for treat

ment of the diseased vein graft With the intro

duction of second-generation stent designs

starting in 1997 more flexible stent deigns are

now available including the self expanding

Wallstent see Chapter 25 But even effective

local treatments like stents are unable to prevent

late failures at other nonstented portions of the

same or other vein grafts contributing substan

tially to the need for repeat procedures in follow-

up after successful vein graft intervention 141
Despite the successes of stenting the problem

of distal embolism has continued to plague treat

ment of these older vein grafts 45 47 Even

without angiographically evident filling defects

these diffusely diseased older grafts may contain

sufficient debris to increase their risk of develop

ing frank no reflow syndrome This syn

drome involves marked diminution in antegrade

flow with profound myocardial ischemia even

though the proximal vessel is free of stenosis or

dissection and there are no cutoffs in the dis

tal vessel When this condition represents distal

FIG 23.21 Thrombus-laden graft Top left Recently occluded saphenous vein graft in patient

with unstable angina shows long lobulated filling defect consistent with thrombus Bottom left

drug infusion catheter Tracker Target Therapeutics with cm of side-holes between the gold

markers small arrows has been placed across the thrombotic segment Top right After overnight

infusion of urokinase 50000 lU/hour there has been marked cleanup of the thrombus revealing

the underlying focal stenosis in the distal third of the graft Bottom right Placement of single

Palmaz-Schatz coronary stent normalizes this area of focal disease Recent trials with the rheolytic

thrombectomy catheter have shown mechanical thrombectomy to be superior to prolonged infusion
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microvascular spasm caused by the release of

serotonin from platelet-rich thrombi it can be

reversed quickly by distal injection of calcium

channel blocker see Chapter In vein grafts

however many such episodes are refractory to

vasodilators and go on to cause large MIs and

substantial 20% in-hospital mortality Recent

work with distal occlusion/aspiration device

Guard Wire PercuSurge Suniyval CA 142
has demonstrated that the cause of no reflow

in vein grafts is embolization of atherosclerotic

debris e.g cholesterol clefts foam cells for

which the best therapy is likely tO be use of distal

protective devices including occlusion devices

and filters The advent of stents with impermea

ble coverings may also help control this distal

embolization problem

Unlike saphenous veins internal mammary

artery grafts are generally resistant to disease

with 10-year patency rate of better than 90%

132 Still some patiets develop recurrent an

gina early within months after bypass surgery

due to stenosis of the internal mammarynative

artery anastomosis These lesions can be diled

effectively with the use of low-profile trackable

dilatation catheters 143 with moderate ap
proximately 20% restenosis rate Fig 23.22

Second-generation stents may easily track

through internal mammary grafts to treat these

distal anastomotic lesions When evaluating pa
tients with recurrent ischemia in the distribution

of an internal mammary graft it is also important

to investigate the possibility of subclavian or

brachiocephalic stenosis proximal to the internal

mammary origin which can now be treated by

angioplasty or stent placement 144 Limited

data regarding angioplasty of gastroepiploic ar

tery grafts suggest similar results of angioplasty

in these arterial conduits 145 Although they

are technically also graft the response of

the diffuse lesions characteristic of cardiac ho

mografts accelerated allograft vasculopathy to

coronary angioplasty have not been well charac

terized 146

Stable Angina

The initial group of patients who were candi

dates for coronary angioplasty were patients

with stable but medically refractory angina pec

FIG 23.22 LIMA angioplasty This 58-year-old man developed recurrent angina months after

bypass surgery that had involved grafting of the left internal mammary artery IMA to the left anterior

descending LAD coronary artery whose proximal segments had exhibited early restenosis after

two rotational atherectomy procedures Left In the left lateral projection severe stenosis curved

arrow is seen at the distal anastomosis where the MA meets the LAD Center Inflation of 3.0 mm
over-the-wire angioplasty balloon at 70 psi Right Posttreatment angiography shows 20% residual

stenosis This site and timing as well as the favorable response to conventional balloon angioplasty

are typical for postoperative problems with the IMA graft
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tons and suitable coronary anatomy Occasion

ally patients with milder symptoms and ideal

anatomy are candidates if they have favorable

coronary anatomy and objective evidence of is

chemia and are willing to accept the small risk

that angioplasty will lead to emergency bypass

surgery and the 20% risk that they will need

repeat intervention for the treatment of resteno

sis 105 This approach was borne out for pa
tients with SVD in the VA ACME trial 109
which showed better freedom from angina and

better exercise tolerance in patients randomly as

signed to angioplasty treatment at the expense

of more repeat procedures for restenosis How

ever patients with mild symptoms should be

aware that the ACME trial failed to demonstrate

any improvement in the already excellent rates

of survival or freedom from infarction seen with

medical therapy in stable angina population

with SVD Of course the ACME trial was per

formed before the widespread use of stenting

which has substantially improved the success

safety and durability of catheter-based interven

tion so that similar studies would have to be

redone to provide relevant data for todays prac

tice The findings of the recent Asymptomatic

Cardiac Ischemia Pilot study ACIP involving

558 patients with ambulatory electrocardio

graphic evidence of ischemia in the absence of

significant symptoms 147 suggest that even

these patients may benefit from catheter-based

revascularization

One group worthy of separate mention is el

derly patients with severe stable or unstable an

gina Unlike bypass surgery which carries

higher risk and longer recovery period in the

elderly angioplasty has almost as favorable an

outlook in this group as it does in younger pa
tients 148 Although such patients tend to have

more challenging anatomy multiple diffuse or

calcified lesions they frequently can be offered

palliation by angioplasty as an alternative to by

pass surgery Patients older than 65 years of age

now constitute more than 35% of the 1988

Emory angioplasty population 103 39% of the

current patients at Beth Israel are 65 to 79 years

of age and 8% are age 80 or older

Unstable Angiiia

Patients with unstable angina including an

gina at rest post-MI angina accelerating angina

and new-onset angina have accounted for the

majority of interventions in most institutions

Early reports are available from the ThoraxCen

ter 149 and the 19851986 NHLBI PTCA

registry 150 In the Registry 857 patients had

unstable angina 79% of whom had rest angina

The majority of patients with new onset angina

had SVD largely severe focal stenosis of the

LAD coronary artery Angioplasty was at

tempted on mean of 1.6 lesions per patient

with success in 85% and major comiilications

including death 1.4% nonfatal MI 2.7% and

emergency surgery 4.3% Complications were

greatest in the subgroup of 219 patients with

acute coronary insufficiency rest pain for more

than 30 minutes without diagnostic enzyme ele

vation

This approach to the patient with unstable an

gina was evaluated further in the Thrombolysis

in Myocardial Infarction TIVH 111B trial which

examined the role of r-tPA as well as manage
ment strategy in 1473 patients with unstable an

gina or nonQ-waveMl 151 In the early inva

sive strategy patients underwent diagnostic

catheterization at mean of 1.5 days which led

to revascularization in 61% 38% by PTCA and

25% by bypass surgery PTCA in this group of

patients had favorable outcome success 93%
death 0.4% nonfatal IV11 2.9% emergency by

pass 0.7% Of the patients assigned to con

servative noncatheterization strategy 60% re

quired catheterization primarily for failure of

initial therapy with revascularization in 49% of

the patients assigned to this strategy 26% by

PTCA and 24% by CABG within weeks after

enrollment Although there was no difference in

the composite end point death MI or positive

exercise test at weeks patients in the conserv

ative arm required more repeat hospitalizations

more hospital days and more medications to

achieve this end At 1-year follow-up the pa

tients receiving early invasive treatment showed

nonsignificant trend toward less death or MI

10.8% vs 12.2% NS with fewer repeat
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hospitalizations 26 vs 35% .038 and

only slightly higher cumulative revasculariza

tion rates 64% vs 58% with equal bypass rates

30% at year The authors concluded that

early catheterization after 18 to 48 hours of anti

ischemic therapy can be carried out safely clari

fies the therapeutic options and allows prompt

delivery of revascularization when appropriate

The benefits of early catheterization and re

vascularization for patients with unstable angina

were less clear in the 920 patient VA-based

VANQWISH trial 152 but this trial has been

criticized for the relatively low use of revascu

larization in both arms 44% invasive 33% con

servative the 11% surgical mortality in the in

vasive arm and differentially high mortality in

nonrévascularized patients 9% in the invasive

ann 5% in the conservative arm In contrast

the recent Scandinavian trial Fast Revasculari

zation during Instability in Coronary artery dis

ease FRISC-il showed clear benefits in terms

of mortality readmission and cost for2the strat

egy of brief initial medical stabilization with

anticoagulants as well as newer antiplatelet

agents including ilb/IIIa blockers followed by

cardiac catheterization and if anatomically suit

able catheter-based revascularization including

the use of coronary stents 153 Of the 2457

patients 91% of those treated invasively had an

intervention within 10 days after hospital admis

sion and the invasive arm showed 21% rela

tive reduction in the 6-month composite of death

or MI 9.5% vs 12.0% with an even greater

reduction among males 9.1% vs 13.9% who

also had significantly reduced mortality rate

1.5% vs 3.2% Most U.S centers now follow

similarstrategy with initial medical stabiliza

tion followed by diagnostic catheterization

performed with angioplasty standby so that

suitable lesions can be treated by balloon dilata

tion or other catheter-based therapies during the

same procedure

Acute Myocardial Infarction

The treatment of acute MI has undergone

major revolution over the past 15 years with the

recognition that intracoronary thrombosis is the

final mechanism of vessel occlusion and the un

derstanding that prompt reestablishment of ves

sel patency offers significant clinical benefit

154 Current front-loaded or double
bolus regimens using potent thrombolytic

agents e.g r-tPA can open almost 75% of in

farct vessels within 90 minutes after intravenous

administration purely pharmacologic ap
proach to the management of MI has not proved

completely satisfactory however because ap
proximately 15% of vessels fail to open in re

sponse to thrombolytic therapy only half of the

open vessels have normal TIMI grade flow

and at least 10% of vessels opened by thrombol

ysis either reocclude or cause recurrent angina

during hospitalization due to the persistence of

an underlying high-grade atherosclerotic steno

sis 155 Although newer combinations of

thrombolytics with platelet Jib/lila receptor

blockers may achieve higher rates of initial pa
tency 156 they do so with an increase in bleed

ing complications

These shortcomings of thrombolysis promp
ted several large clinical trials in the late 1980s

to explore the optimal strategy of combining

thrombolysis with mechanical revascularization

using balloon angioplasty if possible or bypass

surgery These trials demonstrated that immedi

ate catheterization and angioplasty carry an in

creased risk and offer no additional benefit in

terms of survival or recovery of left ventricular

function 157 In fact the TIMI IIB trial re

ported that even routine delayed catheterization

18 to 48 hours after thrombolysis offered no

additional benefit over conservative strategy

in which catheterization and angioplasty were

reserved for patients with recurrent spontaneous

or exercise provoked ischemia 158
On the other hand some operators reported

excellent results using primary angioplasty in

stead of thrombolysis to open occluded vessels

in the early hours of infarction 159 Fig

23.23 In the early l990s the Primary Angio

plasty in Myocardial Infarction PAMI 160
the Zwolle 161 trials and metaanalysis of

the four principal trials total of 2606 patients

162 established that prompt primary angio

plasty offered better acute patency fewer rein-
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Study PTCA

No
Odds Ratio 95% CiLytic Therapy

Streptokinase

Zijistra et at2 3/1522.0 11/149 7.4

Ribeiro et a119 3/50 6.0 1/50 2.0

Grinfeld et a126 5/54 9.3 6/58 10.3

Zijlstra et at29 1/45 2.2 0/50

Subtotal 12/301 4.0 18/307 5.9

t-PA

DeWood18 3/46 6.5 2/44 4.5

Grines et at3 5/195 2.6 13/200 6.5

Gibbons at at6 2/47 4.3 2/56 3.6

Subtotal 10/288 3.5 17/300 5.7

Accelerated t-PA

Ribichini et at25 0/41 1/42 2.4
Garcia at at29 3/95 3.2 10/94 10.6

GUSTO Ilb 32565 5.7 40/573 7.0

Subtotal 35/701 5.0 51/709 7.2

Total 5711290 4.4 86/1316 6.5

FIG 23.23 Primary angioplasty for acute myo
cardial infarction Mi primary angioplasty

procedure left top shows baseline total oc
clusion of the proximal left anterior descending

coronary artery arrow hours into acute ante

rior Ml with cardiogenic shock Primary angio

plasty left center is shown with placement of

perfusion balloon across the area of occlu

sion After angioplasty left bottom there is

no residual stenosis arrow and brisk ante-

grade flow Despite peak creatine kinase val

ues approaching 2000 this patients hemody
namic status recovered promptly with normal

wall motion on gated nuclear ventriculography

weeks later Below Metaanalysis of more than

2600 patients from studies comparing primary

angioplasty with thrombolytic therapy shows

significant reduction in mortality from roughly

6%to 4% with primary angioplasty CABG cor

onary artery bypass graft surgery PTCA per
cutaneous transluminal coronary angioplasty

From Weaver WD Simes Betriu et al

Comparison of primary coronary angioplasty

and intravenous thrombolytic therapy for acute

myocardial infarction quantitative review

JAMA 997 with permission

.38

.28

.10

.02

0.5 1.0 1.5 2.0

PTCA Better Lytic Better
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farctions better mortality 3% to 4% vs 6% to

7% and fewer strokes than strategy based on

primary administration of thrombolytic agent
Of course these studies enrolled only thrombo

lytic-eligible patients excluding elderly pa
tients patients with central nervous system dis

ease those with cardiog9nic shock and those

who had ongoing ST-segment elevation after

thrombolytic administration who have an even

higher mortality rate 15% to 20% with medical

therapy and would only be treatable only by
acute angioplasty While excluded patients have

higher mortality rate with primary angioplasty

than do thrombolytic-eligible patients there is

strong evidence that acute revascularization

does reduce the mortality in such patients with

cardiogenic shock In an analysis from the

GUSTO trial patients with acute cardiogenic
shock who underwent revascularizatjon within

the first 30 days predominantly by angioplasty
had significantly better 1-year mortality rate

than those who did not 37% vs 70% 163
Similarly there is evidence that patients with

failed thrombolysis have an acute angioplasty

success rate of 88% apd mortality rate of 8.6%

after successful rescue PTCA that is similar to

the 5.2% mortality rate for successful thrombol

ysis in GUSTO 164
Based on those studies our institution began

in 1994 to offer primary angioplasty as our

around-the-clock frontline therapy for acute MI
This requires team of experienced angioplasty

operators and catheterization personnel who can
be in the cardiac catheterization laboratory

within 30 minutes so that patient can be

brought to the laboratory within 60 minutes and

have the infarct-related artery opn within 90

minutes after emergency room presentation

165 Results of.primary angioplasty have im
proved further with the use of stenting and

Jib/lila blockers during the procedure Some

studies have even suggested that community

hospitals that do not themselves have cardiac

surgery or elective angioplasty programs but are

staffed by active interventional cardiologists can

also deliver primary angioplasty effectively al

though this activity is not included in the most

recent 1999 revision of the ACC/AHA guide
lines for management of acute MI 166 As

591

thrombolytic regimens and associated anti

thrombin and antiplatelet drugs improve it is

likely that the role of mechanical versus pharma
cologic thrombolysis will need to be reexam

ined but at present we believe that primary an
gioplasty where it is available constitutes the

best reyascularization strategy for the patient

with acute MI

FINANCIAL AND REGULATORY
CONSIDERATIONS

Because coronary angioplasty is performed in

cardiac catheterization laboratory under local

anesthesia it is attended by substantially lower

in-hospital costs than coronary bypass surgery

167 On the other hand this cost benefit is

partially eroded by the greater need for repeat

procedures to treat restenosis within the first

year The net cost savings therefore depend on

the extent to which an intervention improves
acute outcome and late freedom from restenosi
as well as its cost In patients with SVD stenting

has proved to be cost-effective or even cost

saving technology whereas in patients with ex
tensive multivessel disease catheter-based revas

cularization may be more costly approach than

bypass surgery In general however catheter-

based revascularization strategies offer less pa
tient morbidity faster return to work and equiv
alent mortality benefit and symptom relief bar
ring the restenosis and are therefore preferred

when anatomically possible Because the deci

sion frequently is being made by the same opera
tor i.e the cardiologist who performs the diag
nostic catheterization makes the decision about

treatment and then performs the coronary an
gioplasty the large expense associated with

catheter revascularization has increasingly made

angioplasty target for scrutiny in the managed-

care environment 168
In addition to issues about the appropriateness

of angioplasty procedures and markedly differ

ent utilization rates across the country 169
there is also major question about whether

every hospital should offer bypass surgery or

angioplasty In fact only about 1500 of the na
tions 7000 hospitals do so but there is contin

ued pressure on those that do not to open such

CHAPTER 23 CORONAJYAJVGJOPL4STy
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programs 170 Data from California 171 and

nationwide study of 217836 Medicare benefi

ciaries who underwent coronary angioplasty

172 clearly show excess mortality and emer

gency surgery rates in hospitals that perform

fewer than 200 angioplasty procedures per year

These same issues concern the training and

continued caseload for angioplasty operators

173 Early in the development of coronary an

gioplasty physicians active in diagnostic cathe

terization learned to perform angioplasty by at

tending live demonstration courses and

watching or assisting on small number of pro

cedures i.e 10 to 20 under the guidance of

knowledgeable operator Given the ever-in

creasing complexity of the procedure however

virtually all new arigioplasty operators since the

mid-1980s have received formal training con

sisting of third or third and fourth year of

interventional fellowship beyond completion of

their training in diagnostic coronary angiogra

phy During the ijiterventional fellowship

trainee should perform minimumof 250 proce

dures 173a There is evidence that operators

who maintain an annual interventional caseload

of fewer than 75 procedures have higher rate of

risk-adjusted complications than higher-volume

operators not just for all patients but also for

low-complexity AHA/ACC or Bl lesions

174 and even for stenting 175 To further

standardize interventional training in 1999 the

Accreditation Council for Graduate Medical

Education ACGME began certifying interven

tional fellowship programs and the Board of In

ternal Medicine began offering an examination-

and caseload-based Certificate of Additional

Qualification in Interventional Cardiology

176 These changes will almost certainly put

pressure on the more than 7000 angioplasty

operators in the United States most of whom

perform less than half of the recommended an

nual caseload of 75 interventions As catheter-

based interventions continue to evolve toward

progressively more challenging clinical and ana

tomic situations and as the development of new

technologies for coronary intervention contin

ues increasing functional specialization will be

required of interventional cardiologists This

action is in keeping with the recommendations

of the 1993 ACP/ACC/AHA task force which

advised that the proliferation of small-volume

operators should be curtailed by appropriate in

stitutional review 16

ROLE OF CONVENTIONAL
ANGIOPLASTY IN THE

NEW DEVICE ERA

Between its introduction in 1977 and 1990

conventional balloon angioplasty POBA was

the only mechanical intervention available for

percutaneous coronary revascularization The

choice of devices was very much like the situa

tion described by Mark Twain To the man

with hammer everything looks like nail

In contrast the period from 1988 through 1994

saw unparalleled investigation of wave of new

stent and atherectomy devices 177 The first

of the new devices directional coronaryatherec

tomy was approved by the U.S Food and Drug

Administration FDA in 1990 followed by ap

proval of two other atherectomy devices rota

tional and extraction atherectomy excimer la

sers and two balloon-expandable stents by

1994 Second generations of these devices have

been developed and even newer classes of de

vices e.g thrombectomy distal protection ra

diation have continued to be introduced Over

only few years these new devices have pro

gressively replaced POBA as the dominant

stand-alone tool for coronary intervention

To be chosen over balloon angioplasty new

device must be expected to provide an advantage

in terms of the predictability of the acute

result the quality of the acute result less

residual stenosis the ability to treat lesion

that would have been refractory to conventional

angioplasty or the ability to reduce the inci

dence of subsequent restenosis Moreover such

treatment must be provided in cost-effective

way if it costs more it also must provide clini

cal benefit worth that extra cost and it

must not unduly increase the complication rate

Although balloon angioplasty remains un
matched in its simplicity anatomic versatility

and broad clinical applicability the availability

of new devices has made balloon angioplasty

more of an adjunctive treatment for predilation
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FIG 23.24 Changing new device use and

suits at Beth Israel Deaconess Medical Center

during the new device era Upper panel Dur

ing the 6-year period from 1994 through 1999

inclusive there was dramatic increase in the

use of stenting from 29% to 81% of inter

ventions as well ongoing use of atherectomy

directional plus rotational atherectomy from

approximately 20% of interventions but corre

sponding decrease in the use of stand-alone bal

loon angioplásty from 50% to 20% of interven

tions Lower panel The clinical benefits of this

trend are reflected in the ability to treat broader

range of lesion types an increasing primary suc

cess rate from 92% to 98% and halving in the

iiicidence of major complicationsdeath large

myocardial infarction Ml i.e 0-wave Ml or cre

atine kinase more than times normal or emer

gency surgeryfrom 3.7% to .5% By 1999 in

travenous blockers of platelet glycoprotein lb/I ha

receptor were used in approximately 3040% of

patients in whom perfect mechanical result

could nOt be achieved by catheter-based tech

niques

to aid in device passage or postdilation to im

prove the new device created result than

stand-alone treatment Coronary stents have be

come heir apparent to balloon angioplasty and

are currently being used in more than 80% of

catheter-based interventions see Chapter 25
The atherectomy technologies directional and

rotational atherectomy are still beneficial for

debulking certain lesion types ostial calcified

bifurcation lesions as definitive treatment or to

improve the results of subsequent stent place

ment These Same debulking treatments are also

effective in treating in-stent resteriosis particu

larly when combined with local radiation ther

apy to inhibit regrowth of the proliferative neo

intima see Chapter 24
Althoi.igh there is still some uncertainty about

which new device is best for which lesion be

lieve that lesion-specific new device therapy

is here to stay In our practice as Shown in Fig

23.24 the percentage of interventional proce

dures whibh new device was used has risen

from roughly 50% in 1994 to more than 80% in

1998 During this time there has been progres

sive fall from 5% to 1.5% in the incidence of

major adverse clinical events including virtual

elimination of emergency bypass surgery less

than 0.2% and stable mortality rate of 0.6%

in nonacute-infarction patients despite the

treatment of an oldet sicker patient population

with more complex lesion anatomy Altlough

much of the research focus in interventional car

diology has shifted to understanding the mecha

nism tecimique and optimal indications for

these new devices believe that balloon angio

plasty will continue to play crucial roleas an

adjunát to new device therapies Whatever new

modalities are introducedbe they forms of an

giogenesis 179180 laser direct myocardial

rev as cularization 181 or nonsurgical septal

reduction for hypertrophic obstructive cardio

myopathy 182the skills knowledge and

judgment derived from balloon angioplasty will

continue to form the foundation on which

broader interventional skills are built in coming

years
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Coronary Atherectomy Atheroablation and

Thrombectomy

Richard jKluntz and Donald Balm

REK Harvard Medical School Division of Clinical iometry Brigham and Womens HospitaL

Boston Massachusetts 02115

DSB Harvard Medical School Center for innovative Minimçilly Invasive Therapy Rjigham and

Womens Hospital Boston Massachusetts 02115

Unlike balloon angioplasty chapter 23 or stent

placement Chapter 25 which widen the coro

nary lumen by merely displacing atherosclerotic

plaque the family of atherectomy techniques

seeks to widen the lumen by actually removing

tissue plaque or thrombus from the vessel walj

variety of specific devices and mechanisms

of action are available ranging from cutting an.1

retrieval directional and transluminal exci

sional atherectomy to atheroablation witi

out recovery of the resulting debris rotational

and laser atherectomy Also included

are the recently approved Possis Angioi et

thrombectomy suction catheter which has no

cutting elements but uses highly efficient vac

uum generation system to provide efficient re

moval of intracoronary thrombus and the new

class of embolus containment devices which do

not act on the lesion itself but rather trap and

recover atheroembolic debris liberated from the

lesion by other devices

The proportion of interventions inviilving ath

erectomy has diminished to roughly 20% in our

laboratory since reaching its zenith at about

30% from 1992 to 1994 largely because stent

ing generally provides simpler easier and

often less costly option But atherectomy contin

ues to be used for indications that are unfavora

ble for stenting pr where atherectony before

stenting improves results It is therefore impor

tant to understarid the techniques available and

how to match available devices to patient and

lesion characteristics so as to optimize the final

posttreatment lumen diameter and procedural

safety Given the wide variety of devices and

associated mechanisms the design technique

results and applications of each will be re

viewed separately

DIRECTIONAL CORONARY
.ATHERECTOMY

Device Description

The directional coronary atherectomy DCA
catheter also called the Simpson AtheroCath

Guidant Santa Clara CA was first used in

human peripheral vessels in 1985 and in cor

onary arteries in 1986 The coronary device

was approved in 1990 following large multi

center experience Despite several minor im

provements the basic concept remains intacta

windowed steel housing is pressed up against

the lesion by low-pressure positioning balloon

Any plaque that protrudes into the window is

then shaved from the lesion and trapped in the

device nose cone by spinning cup-shaped cut

ter that is advanced across the window opening

The coronary device tracks over 0.014-inch

guidewire Fig 24.1 and wire braid allows the
Drs Robert Safian and John Bitti were contributors to

this chapter in the previous editions
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shaft to be rotated to reduce friction as the device

is advanced across the lesion and to allow pre
cise rotational orientation of the cutting window

During cuts separate battery-powered motor

drive unit spins the cup-shaped cutter at approxi

mately 2500 rpm as it is advanced manually

by small lever on the motor drive unit

Three different sizes of housing are available

for coronary use with diameters of SF 6F and

7F 1.7 2.0 and 2.3 nun respectively 7F-

graft device with larger-diameter positioning

balloon is also available newer design Flexi

Cut now in clinical trials uses single 6F hous

ing with wider 160 versus 120 window

opening and different size positioning balloons

to achieve different effective working diameters

Directional Atherectomy Procedure

The large size of the device requires special

9.5F and 1OF guiding catheters which are con
structed with gentle curves rather than sharp an

gles to facilitate passage of the rigid housing

Fig 24.2 Some large-lumen 9F catheters are

capable of delivering the 6F and 7F devices and

new flexi-cut design promises 8F guiding cath

eter compatibility The size of the atherectomy

FIG 24.1 Directional coronary
atherectomy Left coronary angiog
raphy lateral view reveals long

eccentric stenosis in the midleft

anterior descending LAD artery

After atherectomy the lumen is

smooth and there is no significant
residual stenosis or dissection

7F AtheroCath was employed
and several pieces of ather

oma were retrieved

device is determined by the size of the normal

vessel adjacent to the stenosis the reference seg

ment The 6F device is generally used when the

reference diameter is less than mm and the

7F device when the reference diameter is be
tween and mm or when residual stenosis

FIG 24.2 Guiding catheters for directional coro

nary atherectomy devices for vascular interven

tion are constructed with gentle curves rather

than sharp angles Left The 11 JCL 3.5 guiding

catheter for coronary atherectomy Right The 9F

JCL guiding catheter for conventional PTCA
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remains despite use of the 6F device with bal

loon inflation pressures up to 40 psi The 7F

graft device uses larger-diameter positioning

balloon on the 7F housing to treat vessels of

more than mm smaller 5F device rñay be

used rarely e.g subtotal lesions in calcified or

moderately tortuous vessels to partially debulk

the plaque and thereby facilitate passage of

larger definitive device Predilation with

small e.g 2-mm conventional balloon also

may be used to facilitate passage of the Athero

Cath but larger predilating balloons should not

be psed to avoid causing dissections or making

recovery of tissue more difficult during subse

quent atherectomy cuts

After flushing the central lumen and filling

the balloon lumen with dilute contrast material

the device is passed into the guiding catheter

over an exchange-length guidewire that has been

positioned well across the target lesion through

large-bore rotating hemostatic valve To ad

vance the device across the target lesion the de

vice is gently advanced until its nose cone passes

into the proximal portion of the vessel Gentle

withdrawal or rotatiOn of the guiding catheter

helps align the device with the long axis Of the

vessel and gentle forward pressure is applied

during continuous rotation of the atherectomy

catheter If the device does not pass easily at

tempts to force it into the lesion or around curves

in the vessel should be avoided since forceful

advancement of the rigid housing through stiff

calcified tortuous vessel could traumatize the

vessel wall Likewise deep seating the guiding

catheter common maneuver in PTCA should

be avoided during atherectomy since the stiff

guiding catheter itself may cause injury to the

coronary ostium or proximal vessel

Once the device is in position at the target

lesion fluoroscopic projection is utilized that

maximizes visualization of the target lesion and

its eccentricity In that projection the device is

rotated until the cutting window is seen to point

toward the greatest plaque burden The cutter is

withdrawn to the proximal end of the window

and the positioning balloon is inflated to 10 to

20 psi The motor is activated and the cutter is

advanced slowly seconds across the win

dow After each cut the balloon is deflated as

the device is rotated by 45 to 90 to reorient

it toward additional plaque burden To prevent

embolization of plaque the balloon is inflated

to 10 psi during cutter withdrawal prior to mak

ing the next cut Higher balloon inflation pres

sures 30 to 40 psi may be used on subsequent

cuts to retrieve remaining plaque but cuts ori

ented toward nondiseased walls should be

avoided to minimize the risk of vessel perfora

tion After four to six cuts or if incomplete cutter

advancement indicates that the nose cone col

lecting chamber is full the device should be re

moved and emptied before additional cuts are

made
The number of passes and the final size of the

device are determined based on the size of the

reference segment and the presence of any an

giographic residual stenosis Intravascular ultra

sound Chapter 19 may be helpful in assessing

the lumen diameter as well as the amount and

location of residual plaque burden Atherectomy

is considered successful if there is tissue re

moval residual stenosis is less than 50% after

atherectomy and there are no major complica

tions death Q-wave myocardial infarction

or emergency coronary bypass surgery

Mechanisms of Lumen Enlargement

Directional atherectomy was designed to ex

cise atherosclerotic plaque While lumen en

largement is predicated on plaque removal the

acute result is actually due to combination of

plaque removal and dilation Early data showed

that the amount of plaque removed averaging

18.5 mg accounts for less than half the observed

gain in volume seen at the lesion site 910 with

the rest resulting from facilitated angioplasty

Fig 24.3 Even after successful atherectomy

that has normalized the angiographic vessel

lumen relative to that of the adjacent reference

segments substantial amount of plaque 40%
to 50% of the outer essel elastic lam-

ma or EEL cross-sectional area remains re

flecting the substantial Glagov remodeling that

typically has taken place at the lesion site 11
Since atherectomy improves the radial com

pliance of the diseased and stiff coronary seg

ment and since the mechanism of lumen enlarge

ment is due in part to dilation it stands to reason
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FIG 24.3 Schematic representation of mechanism of directional coronary atherectomy and the

concept of facilitated angioplasty Left Concentric stenosis in coronary artery The shaded area

represents intima plaque contained within the internal elastic lamina wavy line Center Excision

of plaque and media at oclock results in thinning of the vessel wall subsequent cuts at and
oclock do not penetrate the media Right With disruption of the internal elastic lamina radial compli
ance increases so that subsequent balloon inflations pause focal stretching of the vessel wall within

the channels produced by previous atherectomy cuts facilitated angioplasty The resulting lumen

appears smooth and free of residual stenosis in any angiographic projection despite only partial

atherectomy with the continued presence of residual intimal plaque

that postatherectomy balloon angioplasty should

impart additional volume expansion Although

early studies considered such an application of

balloon angioplasty after successful atherec

tomy to be tantamount to crossover current

optimal atherectomy practice makes routine

use of low-pressure postdilation to further en

large the treated lumen 1214

Procedural Results

There has been considerable exprience with

directional coronary atherectomy with the

Simpson AtheroCath with more than 200Q00

procedures performed worldwide Published ex

perience includes single-center reports 1516
and results from two multicenter registries

817 five multicenter randomized trials Ta
bles 24.1 through 24.4 13141820 Device

success rate defined as achievement of more

than 20% gain and less than 50% residual steno

sis with tissue removal is greater than 95% with

overall procedural success defined as less than

50% residual stenosis with adjunctive postath

erectomy balloon angioplasty or other device

greater than 98% Major complications are gen
erally quite similarto balloon angioplasty except

for the higher incidence of perforation approxi

TABLE 24.1 Clinical studies and trials with directional atherectomy see text

Lesion

Device

success

Residu

stenosis

al

Beth Israel Hospital 15 225 98

Sequoia Hospital 16 447 94 12

NACI 17 1084 94 13

WHC10 306 95 14

Multicenter preapproval 1032 92 N/A

CAVEAT 118 512 N/A 29

CCAT19 138 94 26

OARS 13 216 98

BOAT 14 989 99 15

-ABACAS 20 210 99 13
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TABLE 24.2 Complications of directional atherectomy

Major Other

Death CABG Ml Non-0 Ml Perforation

Beth Israel Hospital 0.5 7.4 0.5

Sequoia Hospital 0.2 3.0 0.8 N/A 1.3

NACI 0.6 -1.6 1.0 4.8 N/A

WHC 0.7 2.0 0.3 9.8 N/A

OCA investigators 0.5 4.0 0.9 0.6

CAVEAT 19 0.4

CCAT 1.4 0.7 3.6 N/A

OARS 1.0 1.5 14 1.0

BOAT 1.0 2.0 16 1.4

ABACAS 0.5 0.9 0.5

mately 1% and CK elevation greater than three

times normal approximately 15% The impor

tance of the high incidence of clinically silent

elevations in creatine kinase myocardial band

CK-MB enzymes following directional ather

ectomy remains unsettled and controversial but

in the Balloon versus Optimal Atherectomy

Trial BOAT 14 there was no association with

deaths at or years and there tended to be

more late deaths by .1 year in the balloon angio

plasty arm compared with the DCA arm eight

deaths vs three deaths .14

The main differences among trials concern the

residual stenosis and the subsequent rate of an

giographic restenosis For the two early 1990 to

1991 randomized trials high 25% residual

stenoses 29% for CAVEAT and 26% for

CCAT 1819 reflected cautious tissue removal

and the discouragement of adjunctive balloon

postdilatation In contrast more recent experi

TABLE 24.3 Angiographic and clinical

restenosis after directional atherectomy

Arigiographic

restenosis

Clinical

restenosis

Beth Israel Hospital 32% 26%

Sequoia Hospital
3Q% N/A

WHC N/A 28%

CAVEAT 50% 37%

CCAT 46% 28%

OARS 29% 21%

BOAT 31% 25%

ABACAS 21% 17%

De novo native coronary lesions or one previous

treatment

ences utilizing the optimal atherectomy tech

nique have used more aggressive tissue removal

and routine 75% of cases adjunctive postdi

lation angioplasty to obtain much lower residual

stenoses 15% The benefit of this approach

in lowering restenosis compared with stand

alone balloon angioplasty has been confirmed in

the OARS 13 BOAT 14 and ABACAS 20
studies with angiographic restenosis rates of

21% to 31% compared with the 46% to 50%

restenosis rates in the earlier trials In BOAT
the lower residual stenosis for DCA versus

PTCA 14% vs 28% led to significantly lower

angiographic restenosis rates 31% vs 40%
The mechanism of late lumen narrowing has

been carefully evaluated for directional atherec

tomy using intravascuar ultrasound IV1JS

Analysis of the OARS multicenter registry

IVUS substudy 11 and the Serial Ultrasound

Restenosis SURE trial 21 demonstrated that

lumen renarrowing following directional ather

ectomy occurs between and months after

the procedure and is due primarily to shrinkage

negative remodeling of the external elastic

membrane as well as some neointimal hyperpla

sia The results of the OARS intravascular subs

tudy are summarized in Table 24.4

Tissue Analysis and Consequences

of Deep-Wall Resection

Atherectomy provides unique opportunity

for studying the pathophysiology of atheroscle

rosis and coronary restenosis in human coronary
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TABLE 24.4 IVUS analysis of acute and late results of directional atherectomy OARS

Variable

Before

intervention

After

intervention Follow-up

QCA
Reference diameter mm 3.39 0.47 3.51 0.46 3.22 0.44
MLD mm 1.21 0.39 3.22 0.47 2.03 0.72
DS% 6410 810 38 20

Ivus
Reference EEM CSA 18.3 7.5 19.1 7.7 17.6 8.0

mm2
Reference lumen CSA 10.2 3.9 10.8 39 95 46

mm2
Reference CSA 8.1 4.4 8.4 4.6 8.1 43

mm2
Lesion EEM CSA mm2
Lesion lumen CSA mm2
Lesion CSA mm2

17.7 5.7

2.0 1.3

15.6 5.3

19.7 5.6

8.8 2.5

10.9 4.2

16.9

5.5

11.3

6.2

4.0

3.9

IVUS Intravascular ultrasound OCA quantitative coronary angioplasty

arteries 22 Standard light microscopy demon
strates that atherosclerotic plaque 97% media

66% adventitia 30% and thrombus 43%
are commonly recoveied Remarkably retrieval

of deep-wall components seems to be well toler

ated acutely and at months angiographic fol

low-up 2324 shows no relationship between

deep-wall resection and resteriosis although the

risk of late aneurysm formation may be in

creased 2526
Histologic analysis of DCA specimens shows

intirnal hyperplasia in 93% of restenotic lesions

with proliferating-phenotype smooth muscle

cells interspersed with ground substance Sur

prisingly however 44% of primary de novo

lesions have intimal hyperplasia that is histologi

cally indistinguishable from intimal hyperplasia

seen in lesions with prior restenosis 27

Use in Specific Lesion Types

Bifurcation Lesions

Plaque obstruction in large epicardial coro

nary arteries that involves the origin of large

branch such as the left anterior descending

diagonal branch bifurcation presents special

problem to the interventionist The treatment of

such true bifurcation lesions using conventional

balloon angioplasty techniques is limited due to

plaque shifting that occurs between the parent

vessel and the ostium of the branch vessel

Chapter 23 In contrast directional atherec

tomy provides superior treatment of bifurcation

lesions since the mechanism of lumen enlarge

ment includes excision of the tissue that might

otherwise be displaced into the branch ostium

2830 The preferred technique involves se

quential atherectomy of the main vessel and its

branch if the branch is large enough to accom
modate the device Fig 24.4

The acute and long-term results of directional

atherectomy for the treatment of true bifurcation

lesions were compared with balloon angioplasy

by Dauerman 31 The atherectomy group had

lower acute residual diameter stenosis and lower

target vessel revascularization rate 28% for ath

erectomy vs 53% for balloon angioplasty

.01 DCA should only be performed in non-

calcified bifurcation lesions where the main ves

sel and involved side branch are larger than 2.5

mm otherwise rotational atherectomy should

be used We first position the 0.014-inch guide

wire into the distal parent vessel and perform

initial cuts directed toward the ostium of the

branch vessel in an effort to minimize snow
plow branch compromise Next the guidewire

is withdrawn and redirected into the branch ves

sel where additional cuts are performed Fi

nally kissing balloon inflation in the parent and

branch vessel is performed with stent placement

reserved for situations in which there is exces

sive recoil or dissection
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Aortoostial Stenoses

The ostium of the right coronary artery or sa

phenous vein graft is located within the thick-

walled aorta where substantial elastic recoil

makes the use of stand-alone balloon angio

plasty problematic see Chapter 23 Such recoil

has beeii overcome by tissue excision using di

rectional atherectomy Fig 24.5 3233 This

requires delivery of the device coaxially with

the proximal portion of the target vessel The

guiding catheter must be disengaged before per

forming atherectomy cuts to avoid cutting the

tip of the guiding catheter itself This requires

use of bony landmarks for positioning the device

at the ostium since the disengaged guide can no

longer provide adequate contrast angiography

Generally postatherectomy balloon angioplasty

or stent placement may be used to further up
size the lumen result beyond the working di

anieter of the AtheroCath The presence of intra

coronary calcium especially at the lumen

surface is relative contraindication for direc

tional atherectomy of ostial stenoses and such

lesions are more suited for rotational atherec

tomy see later discussion

Salvage Atherectomy

Directional coronary atherectomy can be used

successfully to rescue failed or siiboptimal bal

FIG 24.4 Bifurcation atherectomy Upper left Mercedes Benz lesion involving the bifurcation of

the left anterior descending LAD and diagonal branch arrow Upperright Directional atherectomy

of LAD leaving tight stenosis of the diagonal origin right center arrow Lower right Atherectomy

of the diagonal origin leaves excellent result lower left From Friedman HZ et al Mechanical rotary

atherectomy the effects of microparticle embolization on myocardial blood flow and function lnterv

Card 989 with permission
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loon angioplasty 3435 particularly when

plaque recoil results in plaque avulsion into the

intraluminal space This application has become

quite rare with the widespread use of stent place

ment to stabilize abrupt or threatened closure

after balloon angioplasty and should not be at

tempted when there are deep spiral dis sections

in which attempted resection may result in perfo
ration

In-Stent Resfrnosis

Although coronary stenting has been proven
to reduce the incidence of restenosis compared
with balloon angioplasty the high recurrence

rate 50% to 80% of treating diffuse restenosis

within stent in-stent restenosis has become evi

dent Debulking techniques using laser rota

tional atherectomy or DCA have been shown

in case-matched series to cut this recurrence rate

roughly in half 36.3 although fimrther sub

stantial reductions in recurrence have now been

seen with beta or gamma radiation of the in-stent

restenosis 39 Directional atherectomy which

offers potentially the highest debulking capacity

of the atherectomy and atheroablative devices

has been shown to be safe and effective in

achieving less than 20% residual in-stent diame

ter stenoses and subsequent clinical restenosis

rates of less than 30% Fig 24.6 In some ather

ectomy procedures for in-stent restendsis the

tissue sample may include small section of

stent strut although without apparent clinical

consequence

Debulking Before Coronary Stenting

The concept of stand-alone optimal ath
ectomy was validated in the OARS BOAT and

ABACAS studies 131420 Recent studies

have suggested that perfonning directional ath

erectomy before stenting may improve long-

term stent results In the Stenting after Qptimal

Lesion Debuking SOLD study 40 71
pa-c

tients underwent directional atherectomy of cor

onary lesions before stenting achieving an an

giographic restenosis rate of 11% Interestingly

this was due both to slightly larger acute result

reduction and to reduced late loss index 33%
vs the more typical 50% compared with stent

ing alone similar experience has been re-

ported by Kiesz and coworkers the ADAPTS
study in which 89 lesions in 60 patients were

treated with combination of DCA debulking

followed by stenting 41 Two more definitive

randomized trials AMIGO and DESIRE are

currently under way to test the hypothesis that

directional coronary atherectomy before stent

608 SECTION VII INTER VENTION TECHNIQUES

FIG 24.5 Aortoostial saphenous vein graft atherectomy Left panel Ostial stenosis of saphenous
vein graft arrow represents stenosis within the wall of the aorta based on its location between the
aortic lumen and the ring marker This was refractory to dilatation with 5-mm balloon center top
but responded to directional athêrectomy center bottom with favorable results right panel Such
lesions are Ourrently treated with stent placeriient see Chapter 25
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ing may result in lower restenosis rate than

stenting alone

TRANSLUMINAL EXTRACTION
CORONARY ATHERECTOMY

Device Description

Th transluminal extraction catheter TEC
Interventional Technologies Inc San Diego

CA uses tip-mounted cutting blade and an

external vacuum source to macerate and aspirate

thrombus and soft plaque material Figs 24.7

and 24.8 trigger on the handle of the motor

drive unit activates shaft and blade rotation at

750 rpm and sliding lever on top of the motor

the cutter over the 300-cm-long 0.014 inch

guidewire Warm heparinized lactated Ringers

solution is infused during atherectomy passes to

produce thin slurry of blood and tissue that

is then corflinuously aspirated into the external

suction bottle during cutter activation

TEC Atherectomy Procedure

Device selection remains empirical with the

largest cutter being to 1.5 mm smaller than the

normal vessel diameter For coronary use TEC

cutters range from 5.5F 1.8 mm 6F mm
.6.5F 2.15 mm and 7F 2.3 mm to 7.5F 2.5

mm The larger cutters 7F or 7.5F should be

reserved for vessels greater than 3.5 mm in di

ameter or for lesions associated with large

amounts of thrombus Special 1OF tungsten-

braided soft-tip guiding catheters are recom

mended for all TEC atherectomy procedures but

9F guiding catheter can be used for TEC cut

ters of 6.SF or less Guiding catheters with an

inner diameter of more than 0.105 inch are re

quired for 7F or 7.5F cutters

After engaging the vessel ostium with the

guiding catheter the target lesion should be

crossed with the special TEC guidewire using

bare-wire technique The floppy tip of te guide-

wire should be positioned in the distal vessel so

the stiff shaft of the wire is across the lesion

If difficulty is anticipated crossing the lesion

conventional wire may be used first and then

exchanged for the TEC wire using transport

catheter that will accommodate the 0.021-inch

ball at the tip of the special TEC guidewire Once

the guidewire is in proper position the TEC cut

ter should be advanced up to the lesion and the

infusion of warmed lactated Ringers is begun

through the guiding catheter The operator then

depresses the trigger to activate cutter rotation

and slowly advances the lever to traverse the

entire lesion Two to five passes should 1e made

slowly through the lesion 15 to 30 seconds per

10-mm segment until there is no further resis

tance to cutter advancement After retracting the

cutter into the guiding catheter repeat angiogra

phy should be performed to determine the need

FIG 24.6 Directional atherectomy of in-stent re

stenosis Top Restenosis within stent in the mid-

left anterior descending artery arrows denote

stent struts Upper center Directional atherec

tomy catheter positioned within stent Lower

center Enlarged lumen following atherectomy

arrow Bottom Final result after balloon dilata

tion

drive unit permits advancement or retraction of for larger device or adjunctive angioplasty
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Mechanism of Action

TEC atherectomy theoretically enlarges the

lumen by cutting aspirating and removing

thrombus plaque and other debris In contrast

to the discrete tissue fragments commonly re

trieved by directional atherectomy TEC results

in slurry of blood and debris that does not lend

itself easily to tissue analysis In angioscopic

studies of saphenous vein grafts TEC resulted

in partial or complete removal of fresh thrombus

in more than 75% of lesions in which thrombus

was identified 4243 but was less effective in

removing laminated thrombus Other an-

gioscopic findings included the frequent devel

opment of intimal flaps and dissection By intra

vascular ultrasound plaque fissures and residual

plaque were identified in 100% of lesions after

TEC and intimal dissections were identified in

36% of lesions 44 Othrs have suggested that

most of the improvement results from mechani

cal dilatation rather than removal of plaque or

thrombus 45

Results

The treatment of saphenous vein gralts with

luminal irregularities or the presence of frank

FIG 24.8 Close-up view of the conical cutting head and stainless steel blades of the transluminal

extraction catheter TEC and special 0.014 inch TEC guidewire Reproduced with permission from

Interventional Technologies Inc and Physicians Press

FIG 24.7 Components of the transluminal extraction catheter lEG including the cutter motor
drive unit battery pack and vacuum bottle Reproduced with permission from Interventional Technol

ogies Inc and Physicians Press
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FIG 24.9 Bypass graft angiography left anterior oblique projection and angioscopy before

and after TEC atherectomy Angiography of vein graft to the obtuse marginal branch reveals

tubular stenosis in the midbody of the graft There is no definite thrombus by angiography TEC

atherectomy is performed with 6.5F cutter Angiographyim mediately after TEC reveals complex

residual stenosis with dissection and/or thrombus single Palmaz-Schatz P204 biliary stent is

inserted and further dilated to 14 atm After adjunctive angioplasty there is no residual stenosis

dissection or filling defect

thrombus is unfavorable for any coronary de

vice because of high rates of distal emboliza

tion no reflow and recurrent ischemia and reste

nosis but may be suited for the TEC device with

its potential to cut and aspirate thrombus and

grummous material Fig 24.9 Table 24.5

The overall procedure success rate ranges from

80% to 90% 34647 Table 28.4 but modest

quantitative angiographic improvement in

lumen diameter immediately after TEC required

adjunctive balloon angioplasty in approximately

90% of cases 48 Although lesions containing

TABLE 24.5 Angiographic results and major clinical complications after TEC atherectomy

Author

Ref Vessel TCA Success Death CABG QMI

Popma 44 SVG 51 86 82 5.9 3.9 7.8

Safiana SVG 158 91 84 2.0 0.7 2.0

Twidale 46 SVG 88 95 86 1.5 4.4

NACI 57 SVG 240 89 80 5.7 0.9 1.4

Safian 51 181 84 84 2.3 3.4 2.8

Abbreviations number of lesions PTCA adjunctive balloon angioplasty success final diameter

stenosis 50% in the absence of death emergency bypass surgery CABG or 0-wave myocardial infarction

QMI SVG saphenous vein bypass graft native coronary artery

Safian RD et al Clinical and angiographic results of transluminal extraction coronary atherectomy in sphenous

vein bypass grafts Circulation 1994
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thrombus have been shown to be associated with

lower procedure success for the TEC device than

that achieved in lesions without thrombus 49
TEC atherectomy before stenting may be better

than conventional balloon or stent treatment

alone for thrombotic lesions 50
The incidence of death to 5.9% emer

gency bypass surgery 0.7% to 3.9% and MI

2% to 7.8% however is generally similar to

the incidence of death to 5% emergency by
pass surgery to 3% and MI to 9% for

patients with vein graft lesions treated by con
ventional angioplasty 3174446 Angio

graphic follow-up confirmed the high incidence

of restenosis with 52% to 69% of lesions having

follow-up diameter stenosis of more than 50%
4446 and late vessel total occlusion in 29%
of lesions

FIG 24.10 TEC atherectomy of the native right coronary artery RCA Baseline angiography top
left LAO projection top right right anterior oblique projection reveals severe stenosis

with intraluminal haziness in the mid-RCA TEC atherectomy is performed with 7F cutter middle

left resulting in significant luminal improvement and moderate residual stenosis middle right

Afterädjunctive angioplasty bottom left LAO projection bottom right RAO projection there is

trivial residual stenosis
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FIG 24.11 Perforation of the right coronary artery RCA LAO projection after TEC atherectomy

Baseline angiography reveals long stenosis in the proximal RCA left panel black arrows After

TEC atherectomy with 7F cutter there is jet of free contrast extravasation into the pericardium

middle panel open arrowheads and deep periadventitial contrast staining middle panel open

arrow After prolonged inflation with perfusion balloon and pericardiocentesis there is no residual

contrast extravasation right panel open arrowhead although there is mild residual stenosis at

the site of the original lesion right panel black arrows

In native coronaries the TEC device has

procedure success rate that ranges from 85% to

95% with adjunctive angioplasty required in ap
proximately 80% Table 24.5 51 The final

incidence of major in-hospital complications

was death in 2.3% emergency bypass surgery

in 2.8% and Q-wave MI in 3.4% which was

somewhat higher than the incidence of maj or

complications for comparable lesions treated

with balloon angioplasty Other TEC-induced

angiographic complications included side-

branch occlusion in 2.7% distal embolization in

0.5% guiding catheter dissection in 2.2% coro

nary artery perforation in 2.2% of lesions Figs

24.10 and 24.11

Since TEC atherectomy has not been shown

to consistently remove plaque the immediate

angiographic results of TEC atherectomy in na

tive coronary arteries do not appear to be supe

rior to balloon angioplasty and most lesions

were treated with adjunctive angioplasty after

TEC the value of TEC in native coronary arter

ies remains uncertain Procedural costs for TEC
are also significantly higher than those for con-

sentional angioplasty of similar lesions 52
One exception may be the use of TEC to remove

thrombus in the setting of acute MI especially

where large thrombus burdens are present

5354

Randomized Trials

Thrombus-Containing Lesions Trial

The TEC or PTCA in Thrombus-Containing

Lesions TOPIT Trial was 245-patient multi-

center randomized trial comparing TEC plus op
tional balloon angioplasty with balloon anglo

plasty for patients with either clinical

likelihood for coronary thrombus unstable an

gina or postinfarction angina or anglo-

graphically apparent thrombus 55 The proce

dure success rate was 97% for both groups

owing to the frequent 35% rate of stent use

to repair dissections The primary end pointa

composite rate of in-hospital major adverse car

diac events death MI bailout intervention or

emergent surgerywas noted in 11.2% of pa-
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tients randomized to balloon angioplasty versus

4.5% for those randomized to TEC .06

secondary end pqint of CK-MB isoenzyme

peak elevation greater than three times normal

was observed more frequently in the balloon an

gioplasty group 15.4% vs 4.5% .03

Transluminal Extraction Coronary..

TECBEST

The Transluminal Extraction Coronary

TECBEST trial examined the potential role of

TEC compared with balloon predilation before

stenting in saphenous vein grafts 56 There was

no improvement in acute angiographic results

by TEC pretreatment and the incidence of distal

embolization and periprocedural MI was not re

duced

Contraindications and Limitations of TEC

TEC is contraindicated for the treatment of

dissection caused by other devices and should

not be used in cases of extreme angulation or

calcification and where vessels are less than 2.5

mm in diameter The theoretical benefits of TEC

atherectomy suggest that its benefit is generally

limited to thrombus-containing vein grafts Pub

lished data disclose inadequate lumen enlarge

ment as stand-alone device high mci

dence of serious angiographic complications

frequent need for adjunctive angioplasty high

procedural cost and high incidence of clinical

and angiographic restenosis 57 Even in the

cases of large thrombi the use of newer throm

bectomy devices see later discussion may offer

safer and more efficient thrombus removal

HIGH-SPEED MECHANICAL
ROTATIONAL ATHERECTOMY

ROTABLATOR

Device Description

The high-speed mechanical rotational ather

ectomy device or Rotablator Boston Scientific

Boston MA 4558 consists of an olive-

shaped stainless steel or brass burr whose sur

face is embedded with diamond chips measuring

30 to 120mm in diameter Fig 24.12 The burr

is attached to hollow flexible drive shaft that

FIG 24.12 Close-up view of the Rotablator burr embedded with diamond chips and special 0.009-

inch guidewire Reproduced with permission from Heart Technology Inc and Physicians Press

Page 160 Medtronic Exhibit 1015



CHAPTER 24 ATHERECTOMY ATHEROABLATION AND THROMBECTOMY 615

permits passage of steerable movable 0.009-

inch guidewire with 0.014-inch platinum coil

at its tip The drive shaft is encased within

Teflon sheath through which warm heparinized

Ringers lactate solution is pumped into the

sheath to lubricate and cool the drive shaft and

burr compressed-air turbine rotates the drive

shaft at 150000 to 200000 rpm Fig 24.13

Burrs for coronary use are available in diameters

of 1.25 1.5 1.75 2.0 2.15 2.25 and 2.5 mm
Table 24.6

TABLE 24.6 Inner diameter of guiding

catheters to accommodate rotablator burrs

Rotab lator Burr Size mm Guiding Catheter ID

1.25 0.059

1.50

1.75

2.0

2.15

2.25

2.5

0.069

0.078

0.088

0.092

0.097

0.107

Rotablator Atherectomy Procedure

As with conventional balloon angioplasty all

patients should be pretreated with aspirin at least

24 hours before the procedure and intravenous

heparin adequate to maintain the activated clot

ting time at approximately 300 seconds Intra

coronary nitroglycerin 100- to 200-1ag bolus

and intravenous nitroglycerin 20- to 100-ag/

mm infusion should be administered as toler

ated For patients with target lesions in the

distribution of the right coronary artery pro

phylactic temporary pacemaker insertion is rec

ommended frequently in the form of right

heart catheter that combines capabilities for pac

ing and monitoring pulmonary artery pressure

Conventional angioplasty guiding catheters may
be used for Rotablator atherectomy as long as

their lumen is at least 0.020 inch larger than the

largest burr to be used Table 24.6 Two guide-

wires are available floppy guidewire and an

extra-support guidewire The floppy wire has the

advantage of minimizing guidewire biasa

phenomenon in which stiff guidewire tends to

FIG 24.13 Schematic overview of the original Rotablator assembly Reproduced with permission

from Boston Scientific and Physicians Press In the current Rota-link design the drive unit is

separate and can be used with series of different burr cables

Abbreviation ID inner diameter in
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straighten out curved vessel segments and cause

deep cuts or dissection as the burr is forced

against the tautly stretched lesser curvature of

the vessel On the other hand the floppy guide

wire may fail to adequately control the travel of

the burr around tight bends leading to uncon

trolled cutting on the greater curvature of the

vessel If difficulty is anticipated crossing the

target lesion with the Rotablator guidewire using

bare-wire technique the lesion maybe crossed

with conventional angioplasty wire and ex

changed for the Rotablator guidewire using

suitable transport catheter

Once the guidewire is across the lesion the

burr should be advanced to within few centi

meters of the rotating hemostatic valve with the

lines for compressed air supply and tachometer

readout attached to the drive console The sys
tem should be tested by depressing the foot pedal

adjusting the turbine to maintain burr speeds of

140000 to 160000 rpm During the test the

operator should also confirm adequate flow of

heparinized flush through the Teflon sheath free

motion of the advance lever and firm grip of

the wire brake Once this test has been com
pleted the burr can be advanced into and

through the guiding catheter Any resistance en

countered as the burr is passed around the pri

mary curve of the guiding catheter can be over

come by finn traction on the guidewire but this

is less common with the use of gentle

curves analogous to those used for DCA The

guiding catheter must be well seated in the yes

s.el ostium while advancing the burr to prevent

kinking of the guidewire in the aortic root Once

the burr has been advanced to to cm proximal

to the target lesion the advancer lever should

be unlocked and pulled all the way back to its

proximal limit so as to take up any slack in the

drive shaft that might otherwise cause the burr

to lurch forward into the lesion upon activation

Under fluoroscopy the burr is then activated

by stepping on the pedal and adjusted to the

desired platform speed 160000 rpm for

smaller burrs and 140000 rpm for burrs bigger

than mm before engaging the lesion Ad
vancement of the lever then brings the spinning

burr slowly into contact with the lesion It is

important to be aware of the sound of the turbine

the rotational speed display and tactile feedback

during rotablation to avoid speed drops of

more than 5000 rpm during advancement

Greater speed drops caused hy excessive pres
sure on the burr may result in the liberation of

larger particles frictional heating of the plaque

or torsional dissection Brief 1- to 3-second

periods of plaque contact should be alterrjated

with longer 3- to 5-second periods of reperfu

sion provided by pulling the burr back from the

plaque face to aid in clearance of particulate

debris through the distal circulation Aiter 15 to

30 seconds of operation the device should be

withdrawn into the proximal vessel and rotation

should be suspended for similar time before

reactivating and advancing the burr again This

sequence should be repeated until the device can

be advanced through the full length of the lesion

without any fluoroscopic or tactile resistance to

burr advancement and with no audible change

in the pitch of the turbine or reduction in burr

speed If second larger bun is to be used the

initial bun is then removed during continuous

rotation decreased to 90000 rpm inthe dy
naglide mode

The selection of burr sizes is largely empirical

but should progress to final burr/artery ratio

of roughly 0.7 e.g 2.15-mm burr in 3-mm

vessel In treating long segments of disease

heavily calcified lesions and subtotal de novo

lesions it is generally good idea to start with

smaller 1.5 or 1.75 mm burr and step up to

the final burr size in 0.5-mm increments With

the Rota-Link system this involves changing

only the burr with reuse of single-driveturbine

throughout the procedure With maximum

burr to-artery ratios of 0.7 optimal improve

ment in vessel lumen requires liberal use of ad

junctive angioplasty or other devices When

adjunctive postdilation is desired most opera

tors use low inflation pressures atm to min

imize barotrauma but there are no published

data to suggest that this technique results in

lower residual stenoses or fewer complications

than Other approaches

Mechanisms of Rotablator

Unlike other atherectomy devices which rely

on tissue cutting and retrieval directional ather

ctomy or cutting and aspiration TEC atherec
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tomy high speed mechanical rotational ather

ectomy relies on plaque abrasion and

pulverization By the principle of differential

cutting the Rotablator tends to selecttsely

abrade inelastic tissue i.e plaque while elastic

tissue i.e normal vessel wall is deflected away
from the burr 59 The abraded plajue is pulver

ized into particles 20 to 50 1am in diameter that

pass through the coronary microcirculation and

undergo phagoctyosis in the liver spleen and

lung 46061 Although these patticles have

long been felt to not interfere with the coronary

microcirculation 62 the reported benefit of

glycoprotein Jib/lila receptor blockers agaitist

transient hypoperfusion suggests role for plate

let-mediated microvascular flow reduction dtir

ing rotational atherectomy 63 Reisman has

confirmed cx vivo platelet activatiOn with

greater activation at higher burr speeds 64 as

well as greater vessel heating These findings

have encouraged th use of lower.160000
rpm speed during rotational atherectomy al

though this necessitates longer cumulative burr

time

Although two independent studies demon
strated no immediate or long-temi impact on left

ventricular ejection fraction 6566 other stud

ies show significant incidence of nonQ-wave
MI and no reflow 67 particularly in longer

lesions mm These probleins could be sec

ondary to particle embolization spasm micro-

cavitation caused when the burr surface velocity

exceeds the speed of sound in water Bernoulli

phenomenon 68 Microcavitations or hemoly
sis of red blood cells may also contribute to tran

sient bradycardia and atrioventricular A-V
block whereas mechanical stimulation and the

loss of endothelium in the lesion and adjacent

normal wall may explain the propensity for se

vere vasospasm during rotatiOnal atherectomy

Accordingly liberal use of nitroglycerin and cal

cium channel blockers is routine and temporary

pacing should be considered as discussed ear-

her

Results

Immediate Results

Following Rotablator the average residual di

ameter stenosis was 37% to 54% 65676973

but this high residual diameter stenosis may re
flect an increase in vessel tone after rotational

atherectomy Reisman thus demonstrated that

the lesion site diameter was significantly largdr

24 hours after rotational atherectomy than it was

immediately after the procedure 74 IVUS may
be useful for identifying which lesions are best

suited to Rotablator and for guiding the use of

larger buns balloon angioplasty directional

atherectomy or stenting 75 In general super
ficial calcium depOsits are most amenable to Ro
tablator since deep calcium deposits do not

come in contact with the burr surface Hoffman

and coworkers demonstrated that treatment of

calcified lesions with rotational atherectomy be
fore stenting resulted in larger posttreatment

lumen diameters and higher 9-month event-free

survival than with stenting alone 76 The ue
of adjunctive low-pressure balloon angioplasty

is frequent after Rotablator 70 Table 24.7
and Rotablator pretreatment imprdves vessel

compliance and therefore stent expinsion 77
This rota-stent approach is our standard tech

nique for calcified ostial and left main lesions

7879 although it showed no significant advan

tage in the randomized SPORT trial of non- or

minimally-calcified lesions Rotablator is also

an effective technique for debulking in-stent re

stenosis Fig 24.14 36
Rotablator atherectomy may be particularly

indicated fOr specific lesion subsets where bal

loon angioplasty is known to be associated with

suboptirnal angiographic results For calcified

lesions ostial lesions Fig 24.15 nondilatable

lesions and chronic total occlusions Rotablator

success has been reported to be 92% to 97%
with an acceptably low incidence Of major clini

cal complications 80 Table 24.7 Quantita

tive angiographic studies using matching lesion

subsets suggest that pretreating many types of

lesions with Rotablator can facilitate the results

of adjunctive angioplasty 81 Fig 24.16

While early studies indicated significant an

giographic complications in nearly 40% of le

sions after Rotablator including angiographic

dissection in 29% side-branch occlusion in

1.8% distal embolization in 0.9% no reflow in

6.1% abrupt closure in 11.2% and severe spasm
in 13.8% and perforation in 1% to 2% of le

sionscurrent technique has made the compli
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TABLE 24.7 Angiographic results and major clinical complications after rotablator atherectomy

Author

Adjunctive PTCA Success Death Ml

0/non-0
CABG Re steno sis

Teirstein 67 42 76 2.0 0/19.0 2.0 59

Bertrand 65 129 29 86 2.3/5.4 1.6 38

Zacca 58 36 97 0/3.2 3.2 NR
Hensona 463 82 95 1.0 0.7/NR 2.2 NR
Safian 70 116 77 75 0.9 4.4/2.7 1.8 51

Stertzer 71 346 77 94 3.3/11.0 1.2 37

Gilmore 143 69 92 0.9 0.9/2.8 2.8 NA
Bertrand 65 1688 70 95 0.9 1.0/5.4 2.3 48

Ellis 72 400 82 90 0.3 2.2/5.7 0.9 NA
Warth 73 874 NR 95 0.8 0.9/3.8 1.7 38

NACIC 349 82 97 0.8 1.5/4.9 0.4 NR
Villad 574 39 94 1.0 0.8/4.8 2.4 38

Abbreviations number of lesions PTCA adjunctive balloon angioplasty success final diameter

stenosis 50% in the absence of major complication death emergency bypass surgery or 0-wave myocardial

infarction Ml wave myocardial infarction/non-Q-wave myocardial infarction CABG emergency bypass

surgery
Hanson KD Am Cardiol 1993 862

bGilmore Clin Cardioll993
Brown DL Am Cardiol 997

dVilla Interven Cardiol 1993

cation rate comparable to other catheter-based

techniques 81a Like DCA there is higher

incidence of nonQ-wave MI after Rotablator

which was 19% in one study of long lesions 67

Late Results

In the Excimer Rotablator Balloon Angio

plasty for Complex Lesions ERBAC study

randomized trial of rotational atherectomy exci

FIG 24.14 Rotablator for in-stent restenosis upper left Severe restenosis is present in the proxi

mal left anterior descending note stent struts small arrows Upper center and upper right Rota

tional atherectomy with .75- and 2.15-mm burrs Lower right Appearance post-Rotablator Lower

left Appearance after final balloon dilatation
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FIG 24.15 Ostial RCA rota-stent Upper left Severe ostial right coronary stenosis long arrow
with heavy calcification short armw Upper center 1.75-mm Rotablator burr positioned just outside

the lesion Upper right Modest lumen enlargement after rotational atherectomy Bottom left The

resulting lumen however allowed advancement of PS 104 biliary stent Bottom center Stent

deployment Bottom right Final result postdilatation

FIG 24.16 Resistant calcified le

Sian becomes responsive after Ro
tablator Upper left Severe steno

sis in the proximal left anterior

descending artery arrow Upper

right Persistent waist despite in

flation of angioplasty balloon to 10

atm Center left Advancement of

1.5-mm Rotablator burr note the

heavy calcium shadows Center

right Modest lumen enlargement

following Rotablator Bottom left

Following Rotablator however the

same balloon now expands com
pletely at atm Bottom right
Final result after stent placement
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mer laser angioplasty or balloon angioplasty

see later in the laser section the final diameter

stenosis after Rotablator and adjunctive angio

plasty was significantly lower than that for ad

junctive angioplasty after excirner laser or bal

loon angioplasty alone but angiographic

restenosis at months was not significantly dif

ferent at 45% to 50% 82 Other observational

studies suggest clinical restenosis rate of 38%

and an angiographic restenosis rate between

31% and 59% Table 24.6 The 500-patient ran

domized STRATAS trial compared aggressive

rotational atherectomy defined as high 0.75
burr-to artery ratio with standard burr sizing

0.7 to evaluate the impact of greater debulk

ing 83 There was no difference in acute out

comes except for higher trend of nonQ-wave
MI in the aggressive ann with 6-month reste

nosis rates of 58% for the aggressive arm versus

52% for the conventional arm NS

Recommendations for Use of Rotablator

Atherectomy

Although detailed randomized trial data are

limited we recommend the use of Rotablator for

those lesions that are least likely to benefit from

conventional angioplasty such as long ostial

and heavily calcified lesions including pro

tected left main arteries calcified bifurcation le

sions 84 as well as the rare 1% to 2% lesion

that cannot be dilated successfully at inflation

pressures of 12 atm Table 24.8 Lesions that

cannot be crossed with balloon catheter due

to lesion rigidity or excessive tortuosity of the

proximal vessel may also be amenable to Ro
tablator 80 Rotablator has also proven to be

an excellent tool for the debulking of in-stent

restenosis with some studies suggesting sub

stantial reduction in recurrence rates after Ro

tablator plus balloon dilatation of such lesions

368587
Rotablator should be avoided soon after at

tempted angioplasty particularly if there is any

evidence for local dissection Other contraindi

cations to Rotablator include the presence of vis

ible thrombus or extremely eccentric lesions in

severe bend in which the normal vesse wall

lies on the outer curve of the bend Although

Rotablator is technically feasible in long lesions

it may be associated with significant incidence

of no reflow or nonQ-wave MI and there are

as yet no data to suggest superiority to conven

tional angioplasty using long balloons

Despite its ability to facilitate the immediate

results of balloon angioplasty for variety of

lesions Rotablator has clear learning curve for

safe use It is further limited by the maximum

2.5-mm burr diameter the frequent need for ad

junctive balloon angioplasty or stenting the high

cost of procedures and the lack of confirmed

impact on restenosis While the complications of

distal embolization no reflow severe coronary

vasospasm bradycardia and perforation are un
common with refinement in Rotablator tech

nique as described earlier they can clearly occur

and stand as reason that Rotablator use is un
common for low-volume operators

ABLATIVE LASER TECHNIQUES

It was hoped that laser angioplasty wo.uld per

mit precise plaque removal with fewer acute

complications and lower incidence of clinical re

stenosis 88 Despite the evolution of catheter

TABLE 24.8 In-hospital results of rotablator atherectomy for specific lesion subsets

Author Lesion

Success Death CABG QMI

Whitlow Calcified NR 96 1.5 1.3 1.3

Leon Calcified 220 95 0.5 1.1 1.6

Kent Ostial 147 93 2.1 3.5

Motwani 78 Ostial 119 97 0.8

Reisman Nondilatable 34 97 2.9

Rosenblum 80 Nondilatable 41 98

Warth 73 Chronic TO 68 93 1.5

Abbreviations number of lesions success final diameter stenosis 50% in the absence of death

emergency bypass surgery CABG or 0-wave myocardial infarction QMl TO total occlusion
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system designs oyer the years restenosis rates

following laser angioplasty have not been lower

than those with balloon angioplasty alone 682
Given the lack of clinical benefit over other me
chanical therapies and the significant capital cost

$100000 to $250000 for acquiring laser sys

tern hopes fOr laser angiop1asty have shifted

from mainstream stand-alone therapy to an in

frequently used adjunctive treatment to debulk

plaque before balloon angioplasty Or stenting in

coronary lesions with large atherosclerotic and

restenosis plaque burdens or to debulk .in-stent

restenosis Because laser systems are still in use

in some laboratories newer applications may
still be found The body of theoretical and dm1-

cal data will be reviewed

Laser Generation

Light amplification by stimulated emission of

radiation LASER is the process of creating an

in-phase coherent beam of monochromatic

light with high energy The lasing medium is

pumped by an external energy source to force

most of the atoms or molecules from their lower-

energy ground state to higher-energy excited

state After brief timemeasured in nanose

condsthe atoms begin to relax tO their ground

state by giving off photon whose wavelength

is determined by the energy difference between

the excited and ground states by the equation

hn where Plancks constant and

c/i speed of light wavelength One sponta

neously released photon of precisely matched

energy hn can induce other excited atoms in

the lasing medium to relax to the ground state

and emit photons that are identical in direction

wavelength and phase to the stimulating photon

stimulated emission As this wave passes

through the laser cavity light coalesces into

single wave front whose intensity increases ex

ponentially as it travels along the optical axis of

the laser cavity and is reflected back and forth

between the mirrors positioned at either end of

the chamber This standing wave of intense

monochromatic coherent light then permeates

the optical coupler from which it travels down

the optical fibers within the multifiber laser cath

eter whose other end is positioned within the

coronary artery lumen so as to illuminate the

obstructing plaque with burst of laser light

Laser/Tissue Interactions

The interaction between laser light and bio

logic tissue depends on the wavelength the

mode of laser operation continuous-wave or

pulsed the energy density of the laser light flu

ence any interposed fluid medium saline or

blood and the tissues intrinsic absorption char

acteristics For coronary laser angioplasty lasers

can be divided into ultraviolet lasers e.g XeC1

excimer lasers 300 nm in which ablative en

ergy is absorbed directly by atherosclerotic

plaque absorption and near-infrared/infrared la

sers e.g holmium or neodynium YAG
trium-aluminum-garnet 2000 nm in which

thermal energy produced by water absorption

leads to secondary photocoagulation It is also

important to distinguish continuous-wave laser

systems in which laser light is emitted in an

uninterrupted maimer from newer pulsed sys

tems that deliver peak laser over very short

pulse followed by long interpulse interval to

reduce heating of surrounding tissue Despite

these theoretical advantages all pulsed laser sys

tems still produce some thermal effects that are

detectable with histologic examination after hol

mium and excirner laser radiation 8990
While water is almost completely transparent

to ultraviolet light at wavelengths greater than

193 nm it absorbs infrared light strongly due to

excitement of the translational vibrational and

rotational frequencies of the HU bond On the

other hand blood x-ray contrast agents such

as ioxaglate and tissue DNA absorb ultraviolet

UV light avidly When laser light encounters

biologic tissue tissue vaporization occurs if the

light contains wavelengths that are absorbed by

the tissue and if the absorbed energy exceeds the

threshold for triggering phase transformations

Tissue ablation then takes place through one of

three mechanisms vaporization of tissue photo-

thermal effects ejection of debris photoacous

tic effect or direct breakdown of molecules

photochemical dissociation 91
Because early experimental studies involving

free-laser beams in air 88 showed tidy ablation
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FIG 24.17 Ablation of postmor
tem human aortic tissue with

pulsed excimer laser radiation at

193 nm in air

of biologic tissue with clean margins and no his

tologic evidence of thermal injury Fig 24.17

it was initially thought that photodissociation

was the predominant mechanism of excimer

laser ablation of atherosclerotic plaque in ivo

Studies under saline or blood however dis

closed less efficient plaque ablation and signifi

cant dissection of adjacent tissue due to forma

tion and implosion of vapor bubbles at the im

pact site This observation has immediate impli

cations for excimer laser angioplasty The use

of intracoronary saline infusion to displace

blood and radiographic contrast in the excimer

laser field may thus reduce the risk of vessel

dissection during excimer laser angioplasty Fig

24.18

FIG 24.18 Ablation of porcine aortic tissue after pulsed excimer laser angioplasty at 308 nm with

multifiber laser catheters under saline or blood Photomicrographs courtesy of Wells

Spectranetics Colorado Spring CO

Page 168 Medtronic Exhibit 1015



CHAPTER 24 ATHERECTOMY ATHEROABLATION AND THROMBECTOMY 623

Catheter Delivery Systems

The history of laser angioplasty includes ex

perimentation with bare laser fibers coaxial

fiber-centering balloons laser-heated metal tips

the laser balloon for beaT vessel heating and

smart laser systems that used .a diagnostic

laser to interrogate the vessel and confirm the

presence of plaque rather than normal vessel

wall before firing the therapeutic laser None of

these techniques have survived clinical investi

gation All current clinical laser systems share

common elements laser generator an energy

coupler and catheter delivery systema
trackable flexible over the-wire or monorail

catheter that contain several hundred optical fi

bers Each optical fiber is composed of trans

mitting material such as purified silica for

excimer laser angioplasty surrounded by clad

ding Since the cladding and silica fibers have

different refractive indices this creates an inter

face that promotes internal reflection and trans

mission of light down the length of fiber with

negligible energy loss The brittle fiber and clad

ding materials are surrounded by flexible pro
tective coating to allow bending without fissur

ing Efficient coupling of energy between the

laser generator and the optical fibers requires

critical tolerances for alignment and precise poi

ishing of the fiber ends

The Technique of Laser Angioplasty

Conventional commercially available guid-

ing catheters can be used for excimer laser an

gioplasty Because laser catheters are stiffer than

balloon catheters and have difficulty negotiating

acute angles into the target vessel coaxial align

ment is imperative stiff guiding catheter helps

delivery but firm guide support theoretically is

not needed to advance the activated laser cathe

ter through the target lesion and excessive push

ing of the catheter across the lesion may increase

the risk of vessel dissection

To maximize the likelihood of safe Outcome

and reduce the risk of vessel perforation with

excimer laser angioplasty it is important to se

lect laser catheter with diameter at least

mm smaller than the reference diameter of the

target vessel e.g 2-mm catheter for 3-mm

vessel For diffuse disease or total and subtotal

occlusions an even smaller laser catheter 1.3

or 1.4 mm should be used initially to cross the

lesion The current recommendation is thus to

limit ablation to one pass of laser catheter per

lesion

After the target lesion is crossed with the

guidewire the laser catheter is advanced to lie

at the proximal end of the lesion This catheter

position should be documented on cine Before

activating the laser and beginning ablation of the

lesion every effort must be made first to remove

all euiitrast medium from the target vese1 by

flushing the guide catheter with at least 30 mL of

saline This is important because the interaction

between excimer laser radiation and any retained

contrast medium may increase the generation of

shock waves with disruption of adjacent tissue

planes 92
During pulsed excimer laser angioplasty laser

energy is delivered at fluence of 40 to 70 mJ/

mm2 at frequency of 20 to 2S Hz for duration

of to seconds as the tip of the catheter is

advanced through the lesion For soft lesions

such as saphenous vein graft lesions and resteno

sis lesions laser ablation may commence at

fluence of 40 mJ/mrn2 but for calcified lesions

and de novo lesions in the native coronary arter

ies the initial fluence should be 50 mJ/mm2 As

the laser is activated the catheter is advanced

slowly under fluoroscopic guidance through the

lesion at an average rate of 0.5 to mm/sec

After each 1- to 5-second train of laser pulses

the laser catheter should rest for 10 seconds

to avoid potential attenuation of energy trans

mission through the optical fibers If the laser

catheter meets resistance and cannot pass

through the lesion at the initial fluence the en

ergy output should be increased by increments

of 10 mJ/rnm2 to maximum of 60 or 70 mJ/

mm2 If the laser catheter still cannot be ad

vanced at higher fluence levels the repetition

rate also can be increased by increments of Hz

to maximum of 40 Hz If the laser catheter

still fails to make progress through stenotic

segment after 15 seconds of laser time the temp
tation for forceful advancdment of the catheter

should be avoided since this will only increase

the risk of vessel perforation Once the laser

catheter has been advanced completely through
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the stenotic segment adjunctive balloon postdil

atation will be required in about 90% of laser

angioplasty procedures to reduce the residual

stenosis to below 30% 9395 Further im
provement can be achieved by following exci

mer laser angioplasty by stent placement or di

rectional atherectomy in selected cases

Clinical Results of Laser Angioplasty

Clinical suëcess with the excimer laser de

fined as less than 50% residual stenosis after

all treatments and absence of major in-hospital

complications has been reported in 84% to 94%

of patients with saphenous vein graft lesions

aortoostial stenoses total occlusions long le

sions and undilatable lesions 829395 Early

clinical experience with holmium laser coronary

angioplásty in 331 patients demonstrated pro
cedural success rate of 94% and perforation

rateof 1.9% 96 Because of the similarities for

both excimer laser and holmium laser interaction

with tissue the clinical results for the two sys

tems are probably quite similar

Despite increased clinical success with cathe

ter improvements the rates of vessel dissection

and perforation have remained constant Indeed

the incidence of propagating dissection as high

as 22% Fig 24.19 has continued to limit the

usefulness of excimer laser angioplasty 9395
Although coronary artery dissection is not

unique to laser angioplasty extension of the dis

section beyond the treated site is probably more

common following laser angioplasty than after

use of balloon angioplasty or other devices Yes-

sel perforation occurs dqring laser angiop1asty
in

1% to 2% of patients treated 97 and commonly

leads to major complication death ME cardiac

tamponade or bypass surgery Risk factors for

perforation include the use of .oversized laser

catheters bifurcation lesions and diabetes mel

litus 98 The use of saline flush during lasing

has been shown to reduce the incidence of dis

section and perforation both experimentally 99
and clinically

Although laser angioplasty was developed

initially to reduce restenosis by ablating athero

maous plaque without injuring the normal coin

ponents of the arterial wall restenosis has been

reported in approximately 50% of patients 100

FIG 24.19 Coronary artery dissections after excimer laser angioplasty Treatment of long lesion

in the left anterior descending artery proximal arrow was associated with propagating dissection

distalarrow Treatment of total occlusion in the midportion of the right coronary artery proximal

arrow was associated with propagating dissection to the distal right coronary artery distal arrow
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U2dilatable Lesions

Some fibrotic and calcified lesions cannot be

dilated with balloon angioplasty at high pres

sures Excimer laser angioplasty is associated

with successful treatment in 89% of 36 patients

with lesions that could be crossed with guide-

wire but could not be dilated with balloon angio

plasty 101 Although the excimer laser angio

plasty is of value rotational atherectomy is more

commonly used for this indication Neither

should be attempted however in cases where

dilation attempts resulted in local vessel dissec

lion Under such circumstances excimer laser

angioplasty is invariably associated with wors

ened dissection or perforation

TOtal Occlusions

Total oo1usions crossable with guidewire

are associated with procedural success rates of

84% to 90% with excimer laser angioplasty

102103 Many dissections that occUr with ex

cimer laser angioplasty especially in the treat

ment of total occlusions arise because the guide-

wire has traveled along an extraluminal course

It is therefore important to enstire that the guide-

wire is in the true lumen of the vessel by frequent

contrast injections and confirming that the distal

tip remains mobile before advancing the laser

catheter The long-term success after excimer

laser treatment of total occlusions is limited by

the development of restenosis in approximately

50% of patients In the randomized Amsterdam

Rotterdam AMRO trial 94 no restenosis

beneiEit was seen for excimer laser compared

with balloon angioplasty in subset of 103 pa
tients who presented with total occlusions

For total occlusions not crossable with con

ventional guidewire new approach with an ex

cimer laser-based guidewirerecently has entered

clinical investigation ThePrima laser guidewire

system Spectranetics Corp Colorado Springs

CO consists of an 0.018-inch fiberoptic bundle

coupled to pulsed excimer laser operating at

tip fluence of 60 mJ/mm2 at 25 to 40 Hz The

system uses centering balloon for blinded tis

sue ablation thtollgh the obstruction

The Prima system was also evaluatedmore

formally in two prospective trials in which the

laser guidewire was used only after conventional

guidewire techniques were performed and docu

mented to fail The U.S TOTAL trial evaluated

the learning phase of the lasing strategy in 179-

patient registry 104 Using the Prima catheter

alone or in combination with conventional

guidewire 61% of the refractory total occlusions

were successfully crossed Major complications

were low with 1.1% death rate and 1.7% rate

of perforation leading to tamponade similar

European feasibility trial demonstrated 59%

successful recanalization rate in 39 patients who

could not be treated with conventional giiidewire

techniques 105 The European TOTAL sur

veillance study was multicenter trial done to

evaluate the safety and performance of the exci

mer laser system among 345 patients with

dian occlusion age of 29 weeks 106 The recan

alization rate was 59% with no deaths

emergency surgery or Q-wave MIs While coro

nary perforations laser exits were seen in

21% of cases only 1% had tamponade The in

dependent covariates associated with success

were occlusion age less than 40 weeks and lesion

length less than 30 mm

Calcified Lesions

Calcified lesions initially were thought to be

an indication fot excimer laser angioplasty

107 butresults of more recent studies have

tempered the enthusiasm for this indication In

the Excimer Laser Rotational Atherectomy Bal

loon Angioplasty Comparison ERBAC trial in

volving 620 patients 82 excinler laser angio

plasty was compared with conventional balloon

angioplasty and percutaneous transluminal rota

tional atherectomy for type and lesions and

high proportion of calcified lesions The proce

dural success rate was .84% for balloon angio

plasty 88% for excimer laser angioplasty and

93% for rotational atherectomy The incidence

of major complications death MI or bypass

surgery was greater after excimer laser angio

plasty than after rotational atherectomy or bal

loon angioplasty 6.2% vs 2.3% and 4.8% re

spectively At month follow-up the incidence

of clinical events death MI bypass surgery or
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repeat intervention was greater after treatment

with rotational atherectomy than after balloon

angioplasty 53% vs 45% .05 whereas

treatnieiit with excimer laser angioplasty was as
sociated with an intermediate rate of clinical

events 49% This does not support the use of

laser in calcified lesions

Long Lesions

Although long lesions were identified initially

as the most promising indication for excimer

laser angioplasty 9395 recent analyses have

suggested that long lesions are associated with

trends toward reduced success and strategies

using long balloons and selective use of coro

nary stent placement 108 may result in superior

success rates

In randomized comparison of excimer laser

angioplasty with balloon angioplasty for lesions

greater than 10 mm in length in 308 patients

the AMRO trial reported equivalent results for

both types of treatment 109 In 151 patients

randomly assigned to excimer laser angioplasty
126 patients 80% had procedural success and

50 33% experienced at least one cardiac event

death MI bypass surgery or repeat angio

plasty within months of the procedure In 157

patients assigned to balloon angioplasty alone

132 patients 79% had procedural success and

47 30% experienced at least one cardiac event

death MI bypass surgery or repeat angio

plasty within months Laser did not appear to

confer better acute or long-term benefit than

balloon angioplasty for patients with lesions

greater than 10 mm in length

In-Stent Restenosis

Laser angioplasty may be used successfully

as debulking treatment for in-stent restenosis

Excimer laser angioplasty with adjunctive bal

loon dilatation was evaluated in 527 in-stent le

sions in 440 patients previously treated with

variety of coronary stents 110 There was

92% laser angioplasty success with serious ad

verse events including death 1.6% Q-wave

MI 0.5% perforation 0.9% and dissections

after laser 4.8% or postdilatation 9.3% Meh

ran and coworkers compared the results of bal

loon angioplasty alone with excimer laser fol

lowed by balloon angioplasty in 98 cases of in

stent restenosis 111 By quantitative angiogra

phy and intravascular ultrasound excimer laser

was found to safely provide greater acute gain

plaque reduction larger cross-sectional lumen

area and trend for lower clinical restenosis

than seen with balloon angioplasty

MECHANICAL THROMBECTOMY

The pathogenesis of acute myocardial is

chemic syndromes in native coronary arteries

and saphenous aortocoronary vein grafts clearly

involves thrombus formation 112114 Often

the small amount of thrombus formation at the

surface of ruptured plaque is sufficient to inter

rupt coronary flow may not be evident by coro

nary angiography but may permit larger

thrombi to propagate beyond the culprit plaque
or into proximal area of stagnant flow Such

large thrombi may be evident on angiography

and attempted intervention in such lesions tends

to produce significant clinical problems distal

embolization no reflow abrupt closure They
were previously treated by infusions of thrombo

lytic drugs but these large thrombirecognized

by certain angiographic and clinical clues re
cent onset of symptoms mobile rat-tail filling

defectare now considered to he suitable tar

gets for mechanical thrombectomy devices

Earlier Pharmacologic Strategis to

Remove Thrombus

Before the development of mechanical throm

bectomy standard therapy involved direct intra

coronary or intragraft infusion of urokinase

115 117 The safety and efficacy of this ap
proach was evaluated in the ROBUST trial

118 in which 107 patients were treated with

direct urokinase infusion through 0.035-inch

infusion wire After 25.4 hours of urokinase in

fusion to mean dosage of 3.7 million units

69% recanalization success rate was observed

with major complications including 3% stroke

rate and 6.5% death rate Broader use of ad

junctive urokinase infusion during intervention
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has however been associated with worsening

of clinical outcomes 119
In an attempt to avoid systemic lytic compli

cations urokinase has also been delivered di

rectly to the thrombus surface using specialized

delivery catheters The Dispatch tBoston Scien

tific Natrick MA catheter is an over-the-wire

nondilatation catheter with 20-mm spiral infla

tion coil whose inflation creates an external

space apposed to the vessel surface into which

urokinase may be infused The initial experience

showed complete dissolution of thrombus in pa
tients with angiographically evident thrumbus in

native coronary and vein graft obstructions

120121 Urokinase may also be absorbedinto

hydrogel balloon coating to transfer urokinase

locally to the site of thrombotic obstruction

122

Mechanical Thrombectomy

The limitations in speed efficacy and bleed

ing complications have fostered the develop

ment of catheter-based techniques for direct

thrombus removal Catheter-based systems can

be categorized broadly into systems designed to

disintegrate thrombus e.g the therapeutic ultra

sound Acolysis device and the vortex-creating

rotational Amplatz device and systems de

signed to aspirate and remove thrombus from the

body e.g the Possis AngioJet the Hydrolyzer

TEC earlier discussion

The mechanical cutting and aspirating TEC

device see earlier discussion has been advo

cated as potential strategy for the treatment of

thrombus-containing native coronaries and vein

grafts 46 50 but has problems with distal em
bolization and vessel injury The Cordis Hy
drolyzer has had limited European exposure in

humans in peripheral vessels 123 heijiodi

alysis shunts 124 and coronary arteries and

vein grafts 125126
The Amplatz thrombectomy device is another

mechanical thrombectomy device that macer

ates thrombus There is limited experience in

peripheral artery thrombosis and occluded he

modialysis shunts 127130 The Acolysis sys

tem employs therapeutic coronary ultrasound at

41.9 kHz to produce thrombolysis by fragmen

tation 131132 Of 20 patients treated with the

coronary ultrasound thrombolysis for vein graft

disease 75% had total occlusions there was

70% device success defined as final Thrombol

ysis in Myocardial Infarction or flow

in occluded vessels or reduction in thrombus in

patent vessels with only one patient 5% hav

ing evident distal embolization

Possis AngioJet Catheter Design and

Technique

The AngioJet is SF catheter with stainless

steel tip connected to high-pressure hypotube

Fig 24.20 Saline is injected into the tip via

the hypotube where it exits as three high-speed

jets directed back into the main catheter lumen

By the Venturi-Bernoulli principle this creates

low pressure region at the tip Fig 24.21 that

approaches perfect vacuum 760 mm Hg
With normal pressure in the arterial lumen of

100 mm Hg this produces driving pressure

FIG 24.20 Principle of rheolytic

thrombectomy with the Possis An
gioJet High-speed saline jets exit

orifices near the catheter tip and

spray back into the mouth of the

catheter This creates intense local

suction by the Venturi effect which

pulls thrombus into the jets where

the thrombus is macerated and

propelled down the catheter lumen

for external collection
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repeat intervention was greater after treatment

with rotational atherectomy than after balloon

angioplasty 53% vs 45% .05 whereas

treatment with excimer laser angioplasty was as

sociated with an intermediate rate of clinical

events 49% This does not support the use of

laser in calcified lesions

Long Lesions

Although long lesions were identified initially

as the most promising indication for excimer

laser angioplasty 9395 recent analyses have

suggested that long lesions are associated with

trends toward reduced success and strategies

using long balloons and selective use of coro-

nary stent placement 108 may result in superior

success rates

In randomized comparison of excimer laser

angioplasty with balloon angioplasty for lesions

greater than 10 mm in length in 308 patients

the AIvJIRO trial reported equivalent results for

both types of treatment 109 In 151 patients

randomly assigned to excimer laser angioplasty

126 patients 80% had procedural success and

50 33% experienced at least one cardiac event

death MI bypass surgery or repeat angio

plasty within months of the procedure In 157

patients assigned to balloon angioplasty alone

132 patients 79% had procedural success and

47 30% experienced at least one cardiac event

death MI bypass surgery or repeat angio

plasty within months Laser did not appear to

confer better acute or long-term benefit than

balloon angioplasty for patients with lesions

greater than 10 mm in length

In-Stent Restenosis

Laser angioplasty may be used successfully

as debulking treatment for in-stent restenosis

Excimer laser angioplasty with adjunctive bal

loon dilatation was evaluated in 527 in-stent le

sions in 440 patients previously treated with

variety of coronary stents 110 There was

92% laser angioplasty success with serious ad

verse events including death 1.6% Q-wave

MI 0.5% perforation 0.9% and dissections

after laser 4.8% or postdilatation 9.3% Meh

ran and coworkers compared the results of bal

loon angioplasty alone with excimer laser fol

lowed by balloon angioplasty in 98 cases of in

stent restenosis 111 By quantitative angiogra

phy and intravascular ultrasound excimer laser

was found to safely provide greater acute gain

plaque reduction larger cross-sectional lumen

area and trend for lower clinical restenosis

than seen with balloon angioplasty

MECHANICAL THROMBECTOMY

The pathogenesis of acute myocardial is

chemic syndromes in native coronary arteries

and saphenous aortocoronary vein grafts clearly

involves thrombus formation 112114 Often

the small amount of thrombus formation at the

surface of ruptured plaque is sufficient to inter

rupt coronary flow may not be evident by coro

nary angiography but may permit larger

thrombi to propagate beyond the culprit plaque

or into proximal area of stagnant flow Such

large thrombi may be evident on angiography
and attempted intervention in such lesions tends

to produce significant clinical problems distal

embolization no reflow abrupt closure They

were previously treated by infusions of thrombo

lytic drugs but these large thrombirecognized

by certain angiographic and clinical clues re
cent on set of symptoms mobile rat-tail filling

defect are now considered to be suitable tar

gets for mechanical thrombectomy devices

Earlier Pharmacologic Strategies to

Remove Thrombus

Before the development of mechanical throm

bectomy standard therapy involved direct intra

coronary or intragraft infusion of urokinase

115117 The safety and efficacy of this ap
proach was evaluated in the ROBUST trial

118 in which 107 patients were treated with

direct urokinase infusion through 0.035-inch

infusion wire After 25.4 hours of urokinase in

fusion to mean dosage of 3.7 million units

69% recanalization success rate was observed

with major complications including 3% stroke

rate and 6.5% death rate Broader use of ad

junctive urokinase infusion during intervention
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has however been associated with worsening

of clinical outcomes 119.
In an attempt to avoid systemic lytic compli

cations urokinase has also been delivered di

rectly to the thrombus surface using spcia1ized

delivery catheters The Dispatch Boston Scien

tific Natrick MA catheter is an over-the-wire

nondilatation catheter with 20 mmpiral infla

tion coil whose inflation creates an external

space apposed to the vessel surface into which

urokinase may be infused The initial experience

showed complete dissolution of thrombus in pa
tieiits with angiographically evident thrombus in

native coronary and vein graft obstructions

120121 Urokinase may also be absorbed into

hydrogel 1al1oon coating to transfer urokinase

locally to the site of thrombotic obstruction

122

Mechanical Thrombectomy

The limitations in speed efficacy and bleed

ing complications have fostered the develop

ment of catheterbased techniques for direct

thrombus removal Catheter-based systems can

be categorized broadly into systems designed to

disintegrate thrombus e.g the therapeutic ultra

sound Acolysis device and the vortex-creating

rotational Amplatz device and systems de

signed to aspirate and remove thrombus from the

body e.g the Possis AngioJet the Hydrolyzer

TEC earlier discussionj

The mechanical cutting and aspirating TEC

device see earlier discussion has been advo

cated as potential strategy for the treatment of

thrombus-containing native coronaries and vein

grafts 4650 but has problems with distal em
bolization and vessel injury The Cordis Hy
drolyzer has had limited European exposure in

humans in peripheral vessels 123 hemodi

alysis shunts 124 and coronary arteries and

vein grafts 125126
The Amplatz thrombectomy device is another

mechanical thrombectomy device that macer

ates thrombus There is limited experience in

peripheral artery thrombosis and occluded he

modialysis shunts 127130 The Acolysis sys

tem employs therapeutic coronary ultrasound at

41.9 kHz to produce thrombolysis by fragmen

tation 131132 Of 20 patients treated with the

coronary ultrasound thrombolysis for vein graft

disease 75% had total occlusions there was

70% device success defined as final Thrombol

ysis in Myocardial Infarction or flow

in occluded vessels or reduction in thrombus in

patent vessels with only one patient 5% hav

ing evident distal embolization

Possis AngioJet Catheter Design and

Technique

The AngioJet is 5F catheter with stainless

steel tip connected to high-pressure hypotube

Fig 24.20 Saline is injected into the tip via

the hypotube where it exits as three high-speed

jets directed back into the main catheter lumen

By the Venturi-Bernoulli principle this creates

low-pressure region at the tip Fig 24.21 that

approaches perfect vacuum 760 mm Hg
With normal pressure in the arterial lumen of

100 mm Hg this produces driving pressure

FIG 24.20 Principle of rheolytic

thrombectomy with the Possis An
gioJet High-speed saline jets exit

orifices near the catheter tip and

spray back into the mouth of the

catheter This creates intense local

suction by the Venturi effect which

pulls thrombus into the jets where

the thrombus is macerated and

propelled down the catheter lumen

for external collection
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FIG 24.21 Rheolytic thrombectomy with the Possis AngioJet in patient with an occluded saphe
nous vein graft upper left insert Upper left Following balloon angioplasty of the graft ostium

large filling defect open arrow is apparent in the body of the graft Lower left The AngioJet arrow
is advanced beyond the presumptive thrombus activated and pulled back slowly Upper right

Following AngioJet treatment only small defects remain Bottom right Placement of Palmaz-Schatz

biliary stents in the .ostium and body of the graft provides near-normal appearance and antegrade
flow

I--

of 860 mm Hg that pulls surrounding fluid

blood thrombus and saline into the tip open

ing There the jets break the thrombus into sub-

cellular-sized particles and propel them proxi

mally through the catheter lumen and out of the

body hemostasis valve allows for the evacua

tion lumen to be sealed around 0.0 14- to 0.0 18-

inch diameter guidewire over which the catheter

is advanced down the coronary vessel Previous

in vivo histologic studies have shown that the

catheter produces minhIal or no vessel wall

damage 133
Once the culprit lesion is identified it is

crossed using 0.014- to 0.018-inch guidewire

The 5F AngioJet is then adyanced over the wire

and distal to the thrombotic lesion The saline

jets are then activated and the catheter is with-

drawn slowly across the lesion at 0.5 to mm
sec Angiography is then performethafter the

first such withdrawal and repeated passes of the

Angiojet may be performed until angiography

shows no further evidence of improvement in

the lumen diameter or thrombus burden The

AngioJet has been used successfully to remove

thrombus in elective situations such as throm

botic vein grafts Fig 24.21 and acute coronary

ischemic scenarios including acute MI Fig
24.22 134136

Studies

VEGAS

The Vein Graft AngioJet Study VEGAS
consisted of multicenter registry of 90 patients
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FIG 24.22 AnioJet for AMI Upper left Primary angioplasty for acute anterior wall myocardial

infarction shows thrombotic occlusion of the proximal left anterior descending Bottom left Passage

of the AngioJet distal to thrombus Top right Following aspiration with the AngioJet the thrombotic

filling defect is gone Bottom right Following stent placement large smooth lumen and brisk

antegrade flow are present

with acute ischemic syndromes demonstrated It

showed that the AngioJet rheolytic thrombec

tomy catheter system reduced the anglo-

graphically measured thrombus burden within

native coronary arteries or saphenous vein by

pass grafts by an average of 86% 137

VEGAS

The Vein Graft AngioJet Study randomized

trial VEGAS II was designed as 500-patient

multicenter randomized trial comparing the An
gioJet rheolytic thrombectomy system with di

rect urokinase infusion for safety and effective

ness of thrombus removal before stenting for the

treatment of saphenous vein grafts or native cor

onaries with angiographically apparent intralu

minal thrombus 138 Because the 30-day

event-free survival for major adverse cardiac

events defined as freedom from death MT
emergent bypass surgery target lesion revascu

larization or stroke was significantly lower for

the AngioJet group after enrollment of 300 pa

tients the data safety committee recommended

early termination at final enrollment of 349

patients 180 in the AngioJet arm and 169 in the

urokinase arm The results of VEGAS and

VEGAS II were used by the Food and Drug Ad
ministration to approve the device in June of

1998

DISTAL EMBOLIZATION PROTECTION
DEVICES

Each of the devices discussed earlier actively

seeks to remove plaque or thrombus from the

target lesion but it is now clear that even such

interventions as balloon angioplasty or stent

placement may break free fragments of friable

plaque This appears to be one of the main causes

of no reflow during saphenous vein graft inter

vention and may cause distal embolic events

during carotid artery intervention see Chapter

27 Various devices have been introduced re

cently for clinical trial evaluation that seek to

trap such embolic material and remove it from

the circulation Fig 24.23 As such they are

technically members of the atherectomy fam

ily As their development progresses it is likely

that distal embolus protection will be used in
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combination with broad variety of interven

tional devices such as thrombectomy and stent

placement Fig 24.24 to protect the distal cirdu

lation from embolization and consequent no-re

flow

The Guardwire PercuSurge Sunnyvale CA
is compliant balloon mounted on hypotube

that can function as ft014 inch steerable guide

wire 139 Once it is positioned across the target

lesion the balloon can be inflated to block the

flow of blood in the vessel as the mechanical

intervention is performed With any liberated

debris still trapped by the inflated Guardwire

an aspiration catheter is brought into the vessel

and removes the blood and suspended debris

The Guardwire is then deflated to restore flow

into the distal vessel Preliminary analysis of the

aspirate shows extensive plaque debris and

randomized trial SAFER is now under way to

evaluate whether performing vein graft angio

plasty with such protection is associated with

lowering in the incidence of periprocedural slow

flow and CK release Preliminary results in the

carotid artery is also encouraging

There are also series of semiporous filter

devices that can be advanced into the distal ves

sel and deployed during intervention to catch

and remove liberated emboli The first devices

that will undergo clinical trial evaluation are the

Emboshield MedNova the AngioGuard and

the Filter Wire Embolic Protection Inc San

Carlos CA All Johnson Johnson Medical

FIG 24.23 Distal embolus retrieval devices Upper left The PercuSurge Guardwire shown during

inflation of the low-pressure distal occlusion balloon and passage of the Export aspiration catheter

to aspirate liberated debris Lower left The MedNova filter device shown open with collected debris

in the filter and the AngioGuard filter shown collapsed during delivery upper right and expanded

lower right for collection of embolic material
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devices are nitinol expandable polymer filters

located on the distal end of modified 0.014-

inch guidewire which is deployed using special

ized delivery and retrieval catheters The shaft

of the device can then function as rail for ad

vancement of over-the-wire platfoim for percu

taneous coronary devices After intervention the

filter is collapsed and withdrawn with any trap

ped debris

SUMMARY

Although they have proven no mOre effective

than stenting for the treatment of routine lesions

mechanical and laser-based atherectomy tech

niques continue to play an important adjunctive

role in coronary intervention These techniques

are of particular value in treating ostial bifurca

tion or in-stent restenotic lesions in debulking

before stenting and in treating long fibrotic or

calcified lesions In general they are more chal

lenging to use than balloon and stent techniques

and frequently carry higher cost and an in

creased risk of some complications such as per-

procedure CK elevation perforation or dissec

tion But they have survived as important parts

of interventional cardiology simply because they

extend the range of lesions treatable by catheter-

based therapy The newer devices for thrombus

removal and distal embolic protection also ex

tend the range of treatable lesions and improve

procedural results Still newer atherectomy con

cepts are under development including some

with on-board ultrasound guidance to facilitate

safe and more complete plaque removal making

it likely that atherectomy will remain as strong

FIG 24.24 Combination of distal protection and rheolyticthrombectomy Upper left Severe stenosis

and adherent distal thrombus are present in this vein graft to the right coronary artery Upper center

The PerciJSurge Guardwire has been passed into the distal vessel and inflated with advancement

of the AngioJet over the Guardwire Upper right After removal of the thrombus the Guardwire is

deflated and injection shows the residual stenosis Lower left Reinflation of the Guardwire allows

placement of stent Lower right Following aspiration of any liberated atheroembolic debris the

Guardwire is again deflated to restore flow
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minority player in an interventional world domi

nated by stenting
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Coronary Stenting

Joseph Carrozza Jr and Donald Bairn

Harvard Medical School Section of Invasive Cardiology Beth Israel Deaconess Medical Center
Boston Massachusetts 02215

Stents are metallic scaffolds that are deployed

within diseased segment of coronary artery to

establish and then maintain widely patent

lumen Just years after the 1994 approval of the

balloon-expandable Palmaz-Schatz slotted tube

stent in the United States stents are utilized in

upwards of 80% of interventions and have revo

lutionized catheter-based treatment Given the

rapid evolution in stent design techniques and

indications the goal of this chapter is to high

light some of the underlying principles and con

cepts and to summarize the key trials on which

current stent use is based expecting that many
of the nuances of stent design will continue to

evolve

HISTORICAL PERSPECTIVE

As described in Chapter 23 despite progres

sive improvement in the results of conventional

balloon angioplasty it remains limited by abrupt

vessel closure which leads to emergency bypass

surgery in 1% of patients and restenosis which

prompts repeat revascularization procedure in

30% of patients The attraction of stefiting is

that it addresses both of these shortcomings

Although the concept of an endovascular

prosthesis to seal dissections and overcome re

coil was first proposed by the late Charles Dotter

in 1964 the first implantation of stents in

human arteries did not occur until 1985 when

Sigwart et al reported the successful place

ment of self-expanding Wallstents in the periph

eral and coronary arteries of eight patients One

year later however Senuys reported much

less favorable multicenter experience using this

device with 18% thrombotic occlusion and 8%

mortality at year However those patients who

did not experience subacute thrombotic occlu

sion had 6-month angiographic restenosis rate

of only 14% suggesting for the first time that

stentiig could reduce angiographic restenosis

This encouraged Gianturco and Roubin to

begin work on balloon-expandable coil stent

which consisted of stainless steel wire wrapped

around deflated balloon in serpiginous man
ner phase II study began in 1988 using this

stent to reverse postangioplasty acute or threat

ened vessel closure which led to U.S Food
and Drug Administration FDA approval in

June 1993 Concurrently Palmaz introduced

balloon-expandable stent in 1984 67 in which

rectangular slots were cut into thin-walled stain

less steel tubing so that balloon inflation within

the stent deformed these rectangular slots into

diamond-shaped windows or cells The rigidity

of this design made it difficult to pass through

guiding catheters and tortuous vessels until

1989 when Schatz 89 added 1-mm central

articulation to join two rigid 7-mm segments

creating the Palmaz-Schatz stent Tn 1989 en
rollment commenced in two randomized multi-

center studiesthe U.S Stent Restenosis Study

STRESS and the European Belgium Nether

lands Stent Benestent trial 101 1compar
ing balloon angioplasty with elective Palmaz

Schatz stenting which showed 30% reduction

in angiographic restenosis compared with con

ventional balloon angioplasty This led to the

637
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1994 FDA approval of the Palmaz Schatz stent

for elective treatment of focal de novo lesions

in native vessels to mm in diameter

Despite the impressive acute and long-term

results observed in the STRESS and Benestent

trials widespread application remained limited

by the 3% incidence of thrombosis and signifi

cantly higher incidence of hemorrhagic compli

cations and length of hospital stay associated

with the draconian anticoagulation regimens

employed as prophylaxis against thrombosis

11 In the early lQQOs Colombo and col

leagues using intravascular ultrasound IVUS
demonstrated that the majority of stents were

inadequately expanded despite excellent angio

graphic appearance 12 By employing routine

high-pressure adjunctive dilatation he and other

European investigators showed that such opti

mal stenting reduced the incidence of stent

thrombosis to less than 1% to 2% using only

aspirin and second antiplatelet agent ticlopi

dine rather than prolonged warfarin therapy

13 Subsequently two randomized trialsthe

German Intracoronary Stenting and Antithrom

botic Regimen ISAR study 14 and the U.S

multicenter STent Anticoagulation Restenosis

Study STARS 15definitively established

the superiority of dual antiplatelet therapy with

aspirin and ticlopidine over anticoagulation

with warfarin for prevention of stent thrombo

sis Additional trials showed the efficacy of

stenting in broader anatomic and clinical situa

tions beyond focal de novo native vessel le

sions With the more effective antiplatelet regi

mens and expanding indications 1619 which

included saphenous vein bypass grafts chronic

total occlusions prior restenosis and acute myo
cardial infarction MI as well as the introduc

tion since 1997 of wide range of newer stent

designs with improved flexibility visibility and

profile stent placement is now used in approxi

mately 80% of percutaneous revascularizations

STENT DESIGNS

As of 2000 more than 30 stent types have

been implanted in the human coronary circula

tion Fig 25.1 Stent types differ in their com

position e.g stainless steel tantalum nitinol

architecture e.g slotted tube coiled wire and

mode of implantation e.g self-expanding bal

loon-expandable Table 25.1 In theory the

perfect coronary stent would be made of rela

tively nonthrombogenic material and have suffi

cient flexibility in its unexpanded state to allow

passage through guiding catheters and tortuous

vessels Despite its flexibility and low profile in

the collapsed state it should have an expanded

configuration that provides uniform scaffolding

of the vessel wall with low recoil and maximal

radial strength In addition the stent should be

sufficiently radioopaque to allow fluoroscopic

visualization but not so opaque as to obscure

important vascular details All clinically tested

coronary stents have been constructed from me
tallic alloys including stainless steel tantalum

nitinol and cobalt/platinum The largest experi

ence has been with stainless steel Although each

stent design is unique they can be divided into

broad categories based on whether they are bal

loon-expandable or self-expanding and subca

tegorized based on architecture e.g coil tube

hybrid tube-coil

Balloon-Expandable Stents

Balloon-expandable stents are delivered into

the coronary artery in their collapsed state

mounted on delivery balloon Once in the de

sired location inflation of the delivery balloon

expands the stent and imbeds it into the arterial

wall Within the balloon-expandable stent cate

gory all stents can be assigned to one of three

subgroups based on construction wire coils

slotted tubes and modular designs

Wire Coils

The Gianturco-Roubin FlexStent Cook Car

diology Indianapolis IN was the initial coil

stent prototype It was constructed by winding

stainless steel wire into serpiginous pattern of

reversing loops and then folding that pattern

onto compliant balloon to create an interdig

itating coil Although this device was the first

stent to receive FDA approval in 1993 its me-
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FIG 25.1 Ten contemporary stent designs evaluated in humans as of January 2000 Left to right

top row Crown Stent Minicrown Stent Second row CrossFiex LC Stent BX Stent Third row
Duet Stent NIR Stent Fourth row Radius Stent Walistent Bottom row GFX stent BeStent

ii

chanical deficiencies e.g low axial and radial

strength and tendency for plaque to prolapse

through large gaps between adjacent loops

largely limited its use to acute or threatened ves

sel closure To address these deficiencies sec

ond-generation Gianturco-Roubin II GR-II
stent incorporated longitudinal spine to en
hance radial and axial strength For ease of man
ufacture the desired geometry was actually cut

from flat sheet and small dots of gold solder

were placed at each end of the stent to enhance

radiographic visualization Although this design

retained the excellent flexibility and deliverabil

ity of the original the GR-II was still troubled

by plaque prolapse and excessive recoil after de

ployment up to 30% of cross-sectional area

this must be compensated by intentional oversiz

ing of the delivery balloon ratio of balloon to

artery diameter about 1.2 2425 which may
lead to edge dissections or even vessel perfora

tion

Slotted Tubes

In the mid 1980s Palmaz introduced the con

cept of an endovascular prosthesis whose wall

was made of offset rows of rectangular slots

each of which was plastically deformed into
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TABLE 25.1 Stent designs

Stent Material Radioopacity

Metallic

covrag
Strut

thickness

inches

Balloon-expandable
Slotted tubes

Palmaz-Schatz Stainless steel Low-moderate 20 ft0025
Palmaz-Schatz Crown Stainless steel Low-moderate 20 0.0025
MultiLink Stainles steel Low 15 0.002

Duet Stainless steel Moderate 15 0.005

NIR Stainless steel Low-moderate 1118 ft004

Paragon Nitinol Moderate 20 0.006

BeStent Stainless steel Moderate 1518 0.004

DivYsio Stainless steela Moderate 1215 0.0020.003
Pura Stainless.steel Moderate 10 15 0.005

Tenax Stainless steel1 Low-moderate 14 0.003

Coil

Gianturco Roubin Flex Stainless steel Moderate 15 0.006

Gianturco-Roubin II Stainless steel Moderate 16 0.005
Wiktor Tantalum High 79 0.005
Freedom Stainless steel Moderate 1015 0.007

Angiostent Platinum/iridium High 912 0.005

Modular-Hybrid
AVE MicroStent II Stainless steel Moderate 817 0.005
AVE GFX Stainless steel Moderate 20 0.005

CrossFlex LC Stainless steel Moderate 1823 0.005

XT Stainless steel Moderate-high 1518 0.006

Tensum TantalumL High 14 0.003

Self-expanding

Wallstent Cobalt wifh platinum Moderate-high 14 0.004

Radius Nitinol Moderate 20 0.0045

With phosphorylcholine coating
With hydrogenated silicum carbide coating

diamond during expansion In their expanded

state these diamonds like the trusses of

bridge made the stent relatively resistant to re

coil and compression The initial Pahnaz proto

types however were relatively rigid and diffi

cult to deliver through angulated guiding

catheters or tortuous vasculature Schatz there

fore modified the original Palmaz design by

breaking the 15-mm rigid length into two 7-mm

segments joined by 1-mm central articulation

When bare-mounted on an angioplasty balloon

by the operator the Palmaz-Schatz stent proved

susceptible to being stripped off the balloon

leading to systemic embolization if the target

lesion could not be crossed To overcome this

problem protective SF delivery sheath was in

troduced in 1990 Palmaz-Schatz Coronary

Stent Delivery System Cordis Corporation

Miami FL this helped to prevent snagging of

the stent on coronary irregularities during ad-

vancement and prec1udd embolization during

withdrawal if advancement across the 1eson

proves unsuccessful Although this was the de

sign released in 1994 and used for th pivotal

randomized trials of stenting this relatively in

flexible stent and its bulky SF delivery sheath

required large-lumen more than 0.084-inch

guiding catheters was difficult to deliver in tor

tuous anatomy or to distal lesions and pro
vided suboptimal scaffolding at the articulation

site

In an effort to presrve the radial strength and

wall coverage of.the tubular design but improve

flexibility in the collapsed state number of

newer second- and third-generation slotted-

tube stents were developed These included the

modified Palmaz-Schatz geometry of the Crown

Cordis the MultiLink and Duet Guidant Cor

poration Santa Clara CA and the NIR Medi
nol Israel stent Each involves laser cutting of
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unique multicellulal pattern
into metallic tube

which increases the overall flexibility of the

stent by jstributiflg bending throughout the

stent length
without compromising radial

strength or elastic recoil see later discussion

The newer stents have also been marketed in

broader range of stent lengths to 32 mm and

diameters 2.25 to 6.0 mm to facilitate stenting

of long lesions small vessels saphenous vein

grafts and distal lesions With better balloon

materials and techniques for crimping and re

taining the stent on the delivery balloon the con

cept of protective
sheath has proved unneces

sary All current slotted tube designs are bare

mounted on delivery balloon with deflated

profiles smaller than 0.040-in mm compara

ble with the best angioplastY balloons of only

few years ago

Modular Stents

Despite enhanced flexibility even second-

generation
slotted-tube stents are sometimes dif

ficult to deliver through tortijouS and non-

compliant vessels In an effort to enhance flexi

bility
and deliverability without sacrificing the

excellent scaffolding of the slotted-tube stentS

the modular or hybrid stents are constructed by

flexibly joining multiple short repeating mod

ules to each other The initial modular stent was

the MicroSterit Arterial Vascular Engineering

Santa Rosa CA in which 4-mm-long stainless

steel corrugated ring subunits were welded to

each other Although this first-generation Mi

croStent was extremely deliverable it was lim

ited by low surface coverage and radial strength

Subsequent designs incorporated an elliptorec

tangular strut profile
and reduced the length of

the individual modules to mm Micro II

mm GFX and 1.5 mm S670 with further

reductions in crossing profile and increased sur

face area coverage

SeIfExpafldiflg Stents

The prototype selfexpanding stentthe

Wallstent Boston Scientific Minneapolis

MNis direct descendent of the first coro

nary stent used in 1985 It is manufactured from

16 stainless steel wire strands that are woven

together to form mesh tube Table 25.1 Fig

25.1 The stent is positioned on the delivery

system in its collapsed state constrained by an

outer membrane Retraction of the membrane

allows the stent to reassume its unconstrained

expanded geometry which can be reinforced

by balloon dilatation within the stent if neces

sary In the original Wallstent design double-

layer outer membrane rolled over itself during

retraction but gave the delivery system large

diameter SF this has been replaced by single-

layer sliding membrane in current designs In an

effort to reduce thrombogeflicitY
and the amount

by which the stent shortens during delivery

the braiding angle of the mesh wires has also

been reduced by approximately 40 the Less

Shortening Walistent The present-generation

Wallstent the Magic Wallstent incorporates

platinum core within the wires to increase ra

dioopacity further modification of the braiding

angles- and the ability to readvance the delivery

sheath to recapture partially deployed stent

The Radius stent Boston Scientific is self-

expanding nitinol stent that makes use of the

shape memory of the nickeltitanium alloy

nitinol Once baked at high temperature in its

expanded diameter the superelaSticity
of this

material allows it to be compressed to small di

ameter and constrained by membrane on the

delivery catheter The stent is placed within the

target lesion and the membrane is withdrawn

the stent then springs back to its memory diame

ter The advantage of this design over the

Walistent is the fact that minimal shortening

takes place during expansion

5elfexpanding stents typically are selected to

have an unconstrained diameter that is oversized

by 0.50 to 1.0 mm relative to the diameter of the

adjacent reference segment This ensures contact

with the vesSel wall and increases the expansile

force but final optimization
of stent expansion

usually requires inflation of an angioplastY bal

loon within the stent The diameter of that bal

loon must never exceed the unconstrained stent

diameter in air Although selfexpafldiflg stents

are extremely flexible and can be delivered

through tortuous vessels without risk of dis

lodgement the difficulties relating to accurate

Page 189 Medtronic Exhibit 1015



642 SECTION VII INTER VENTIONAL TECHNIQUES

sizing and precise placement necessitate longer

operator learning curve and render these

stents unsuitable for the tieatment of ostial le

sions or involved side branches

INDICATIONS FOR STENTING

Acute or Threatened Closure

Balloon expansion within an arterial stenosis

causes luminal enlargement by overall vessel ex

pansion and fracture of atheromatous plaque but

the combination of medial dissection and elastic

recoil causes sufficient lumirial compromise to

Chapter 23 One of the major benefits of stent

ing is the ability to definitively reverse abrupt

closure due to dissection and recoil and thus

eliminate the need for high-risk emergency by
pass surgery 518-patient multicenter registry

of the Gianturco-Roubin FlexStent as defini

tive treatment for acute or threatened vessel

closure local dissection reduced antegrade

flow or clinical evidence of ongoing ischemia

was conducted from 1988 through 1991 Fig
25.2 Although 95% of patients were success

fully stented 7.7% of patients with frank closure

and 2.7% of those with threatened closure still

required surgery and there was an 8.7% inci

dence of stent thrombosis particularly in smaller

stents 2.5 mm or less

FIG 25.2 Early example of placement of Gianturco-Roubin coil stent for threatened abrupt closure

long lesion is present in the left anterior descending coronary artery upper left with long

dissection after angoplasty upper right open arrow Placement of coil stent lower left results

in effacement of the dissection and elimination of the need for emergency bypass lower right

Ii

culminate in abrupt vessel closure in roughly 5%

of lesions treated by balloon angioplasty see
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FIG 25.3 Stenting as definitive treatment for acute vessel closure high-grade stenosis is present

in an angulated segment of the proximal right coronary artery arrow After balloon dilatation grade

dissection is seen middle After stent placement normal flow is restored right

Two small randomized trials compared bail

out stenting with prolonged inflations with per

fusion balloons In the Trial of Angioplasty and

Stents in Canada TASC II patients with abrupt

or threatened closure were randomly assigned

to treatment with perfusion balloon or stent

placement 20 Even though about 25% of the

patients assigned to balloon angioplasty crossed

over to bailout stenting the 6-month restenosis

rate was significantly lower for stented lesions

22% vs 50% In the STENT-BY study 100

patients were randomly assigned to prolonged

balloon inflations or Palmaz-Schatz placement

they showed similar reductions in rate of target

vessel revascularization at months 24% vs

65% 21 Although bailout stenting is therefore

very effective technique Fig 25.3 the expo

nential growth in elective stenting during the

past years has left very few vessels that require

bailout stenting as the need for emergency by

pass surgery to less than 0.5% between

Elective Stenting of Focal De Novo Native

Coronary Lesions

This indication was used in two landmark

studiesSTRESS 11 and Benestent

10to establish the ability of the Palmaz

Schatz coronary stent to significantly lower inci

dence of angiographic and clinical restenosis

compared with balloon angioplasty in focal de

novo lesions in 3- to 4-mm native coronary arter

ies Table 25.2 These trials also confirmed that

this benefit was result of the ability of the stent

to provide larger acute lumen compared with

balloon angioplasty The strongest predictor of

freedom from restenosis was large posttreat

ment lumen diameter and once posttreatment

lumen diameter was incorporated into the statis

tical model of restenosis there was not any inde

pendent effect attributable to the stent itself 22
Other randomized trials comparing stenting with

balloon angioplasty Table 25.2 have consis

tently demonstrated the superiority of stenting

for focal de novo lesions in to 4-mm native

coronary arteries

The superior acute and long-term clinical out

comes reported in the STRESS and Benestent

trials heightened the interest in evaluating stent

ing in other lesion subsetschronic total occlu

sions aortoostial location and saphenous vein

graft lesionsthat respond poorly to conven

tional angioplasty due to marked elastic recoil

predisposition to dissection and high restenosis

rates Each of these non-STRESS/Benestent

lesion categories is reviewed separately below

Saphenous Vein Graft Lesions

The most common cause of recurrent is

chemia after coronary artery bypass surgery is
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TABLE 25.2 Trials of stenting versus PTCA for de novo lesions in native coronary arteries

Study Author ref Major findings Stent PTCA

STRESS Fischman et al 11 Procedure success 92 85

Restenosis

TVR
31

14

42

22
Benestent Serruys et al 10 Procedure success

Restenosis

TVR
Vascular surg

87

.22

18

10

86

32

27

Benestent II Serruys et al 55 Procedure success

Restenosis

EFS

96

16

84

95

31

78

LAD Versaci et aI.a Procedure success 95 93

Restenosis

EFS 12 ma 87

40

70

TASC Penn et al 30 Major events 16 14

START Serra et al 56 Restenosis

TVR
22

11

37

22

EFS event-free survival PTCA percutaneous transluminal coronary angioplasty TVR target vessel revascu
Jarization

Dc novo lesions in the left anterior-descending coronary artery Versaci

atheromatous degeneration within the body of

the saphenous vein graft Balloon angioplasty

and atherectomy techniques have high rates of

angiographic restenosis 40% to 50% and long-

term clinical failure 2325 butearly single-

center registries suggested that stenting of sa

phenous vein graft lesions had lower rates of

angiographic restenosis 17% to 25% and re

peat revascularization of the target site 627
This finding was evaluated further in the ran

domized SAphenous VEin graft Disease

SAVED trial 28 which compared Palmaz

Schatz stenting with balloon angioplasty for

treatment of relatively focal de novo lesions in

3.0- to 5.0-mm saphenous vein grafts Stenting

had greater technical success residual stenosis

less than 50% by QCA 95% vs 75% greater

procedural success technical success in the ab

sence of major adverse event 92% vs 69%
and lower incidence of adverse clinical events

death Ivil or subsequent revascularization

26% vs 38% Although the angiographic reste

nosis rates were not statistically different due to

inadequate sample size the incidence of major

adverse events was significantly reduced in

stented patients 26% vs 38%
The lack of stents that could be expanded be

yond mm however limited the ability to treat

many vein grafts One option for treatment of

large grafts was to use hand-crimped larger Pal-

maz-Schatz biliary stents Cordis which could

be expanded up to mm 50 With the develop

ment of longer stents and those that can be ex

panded beyond mm e.g the Walistent and

the nine-cell NW stent Scientific vein

graft stenting has become easier although there

are still issues relating to no reflow and distal

embolization see Chapter 23 Finally even

though the incidence of repeat revascularization

triggered by failure of the stented site is low

less than 20% the incidence of clinical events

approaches 50% by years owing to progression

of disease at nontarget sites within the treated

graft as well as attrition of other grafts and pro

gression of native coronary disease 26

Restenosis After Previous Angioplasty

Retreatment of lesions that have restenosed

after previous angioplasty generally has higher

incidence of recunent restenosis even after cor

rection for confounding factors such as diabetes

mellitus or small refetence vessel diameter that

might have predisposed to the original restenosis

29 The subset of such patients undergoing

treatment of restenotic lesions in the TASC

trial had significantly lower incidence of repeat

revascularization 4.5% vs 25% than those in

the percutaneous transluminal coronary angio

plasty PTCA cohort 30 Similarly the Reste
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nosis Stent Study REST randomly assigned

383 patients with prior restenosis to either bal

loon angioplasty or the Palmaz Schatz stent and

found reductions in angiographic restenosis

18% vs 32% and subsequent need for revascu

larization of the target vessel 10% vs 27%
with stenting 19 Using aspirin and ticlopidine

Colombo reported an angiographic restenosis

rate of 25% with low 0.8% incidence of sub

acute thrombosis in patients with prior restenosis

31

Chronic Total Occlusions

Balloon angioplasty of chronically occluded

coronary arteries is associated with high mci

dence approximately 50% of restenosis reoc

clusion and recurrent symptoms compared with

treatment of subtotal stenoses see Chapter 23
Three randomized trials have Qompared stenting

with conventional balloon angioplasty alone for

treatment of chronic total occlusions In the

Stenting in Chronic Coronary Occlusion

SICCO trial which compared balloon anglo

plasty with Palmaz-Schatz stenting for treatment

of chronic total occlusion in native coronary ar

teries lower incidence of both angiographic

restenosis 32% vs 74% and target vessel re

vascularization 22% vs 42% was found with

stenting 2132 The Gruppo Italiano di Studio

Stent Nelle Occiusioni Coronariche GISSOC
trial also showed lower incidence of restenosis

32% vs 68% reocclusion 8% vs 34% and

target lesion revascularization 5% vs 22% in

patients assigned to stenting 33 Likewise in

the Total Occlusion Study of Canada TOSCA
angiographic restenosis and target vessel revas

cularization were reduced in patients treated

with stents compared with conventional angio

plasty 34

Acute Myocardial Infarction

With the completion of several large registries

and randomized trials of acute MI demonstrating

better outcomes in patients treated with primary

angioplasty rather than thrombolytic therapy

mechanical reperfusion has become the pre

ferred treatment for acute Ml in many institu

tions see Chapter 23 Despite successful initial

reperfusion however there is 10% to 15% in

cidence of reocclusion and 30% to 50% inci

dence of restenosis after primary angioplasty

353 Although the presence of acute MT was

initially considered to be contraindication to

stent placement because of concerns that this

prothrombotic milieu would be associated with

an unacceptably high incidence of acute throm

bosis the use of stents to treat suboptimal re

sults and as upfront therapy in the treatment

of lvii has now become widespread auters and

colleagues showed that stenting of the infarct

related artery is associated with reduction in the

incidence reocclusion 1% vs 14% and resteno

sis 27% vs 52% compared with balloon angio

plasty 37 Data from several small randomized

trials have also suggested that stenting may offer

acute and long-term benefits primarily reduc

tion in repeat revascularizations compared with

balloon angioplasty alone 38 41 Table 25.3

It is less clear that routine stenting of infarct

vessels improves already good acute outcomes

The large Stent Primary Angioplasty in Myocar

dial Infarction Stent-PAMII study balloon an

gioplasty vs heparin-coated Palmaz-Schatz

stent randomly assigned 900 patients with acute

MI to either PTCA alone or stenting with the

heparin-coated Palrnaz-Schatz coronary stent

Although patients assigned to stenting had

lower incidence of recurrent ischemia with ST

segment elevation during hospitalization 1.2%

vs 3.5% angiographic restenosis 12.8% vs

1.9% and target vessel revascularization by

months 16.3% vs 20% 42 they more com
monly exhibited reduced posttreatment TIMII

flow compared with balloon angioplasty This

question is being evaluated further in the Con

trolled Abciximab and Device Investigation to

Lower Late Angioplasty Complications CAD
in which patients with acute MT are

randomly assigned to stenting vs PTCA and

then to abciximab vs heparin alone

Long Lesions

Lesion length is associated with an increased

incidence of acute complications and restenosis

after conventional balloon angioplasty as well
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TABLE 25.3 Stenting versus balloon angioplasty in acute myocardial infarction

Study

reference

Early

PTCA

MACE

Stent

Reste

PTCA

nosis

Stent

TVR

PTCA Stent

EFS

PTCA Stent

GRAMI 38 12 3.8 13 9.6 65 83

Suryapranata 17 4.0 80 95

39
FRESCO 41 8.0 1.0 52 12 25 7.0

EFS event-free survival MACE major adverse cardiac event PTCA percutaneous transluminal coronary

angioplasty TVR target vessel revascularization

as directional and rotational atherectomy

43 45 Early randomized trials e.g STRESS

Benestent excluded lesions longer than 15 mm
because of the lack of availability of longer

stents and the concern that placement of multiple

overlapping stents would be associated with

high incidence of subacute thrombosis and reste

nosis With the availability of longer stents im

provements in stenting technique and use of an

tiplatelet therapy stenting of longer lesions and

diffusely diseased arteries has become viable

option In the early multicenter registry lesions

treated with multiple Palmaz-Schatz coronary

stents had 65% rate of restenosis 46 and an

8.9% incidence of subacute thrombosis 47 De
spite high-pressure dilatation and use of anti-

platelet therapy in more than 7000 patients en
rolled in five recently completed stent trials

Cutlip and colleagues found that total stent

length was independently associated with stent

thrombosis with an odds ratio of 1.2 for each

additional 10 mm of stent placed 48
The pivotal question remains whether stenting

will have any impact on the high rates more
than 50% of restenosis observed with balloon

angioplasty or atheroablative techniques in such

lesions Single-center and registry data suggest

an almost linear relation between stent length

and restenosis even with contemporary stenting

techniques 49 Although total stent length is

associated with increased risk for clinical and

angiographic restenosis it is uncertain whether

total stent number or the ratios of stent to lesion

length also independently affect restenosis In

the multicenter randomized trial comparing the

GR-II stent Cook to the Palmaz-Schatz stent

the stent to-lesion ratio was significantly greater

2.5 vs 1.9 for patients randomly assigned to

the GR-ll cohort despite similarbaseline lesion

lengths which may have contributed to the

higher incidence of restenosis 47% vs 21%
with that device 50 Similarly data from Al
biero and colleagues suggest that high stent-to

lesion ratios are associated with high rates of

restenosis 37% to 40% in both discreet and

long lesions 51 This has led some to advocate

the use of spot stenting whereby aggressive

balloon angioplasty or rotational atherectomy is

performed in diffusely diseased segments and

short stents are placed only in areas of high re

sidual plaque burden or residual stenosis exceed

ing 20% 52 With current devices it seems

that both lesion length and stent length exert an

independent effect on subsequent restenosis

53

Small Vessels

Small less than 3.0 mm vessels were for

mally excluded from the early randomized stent

trials although significant number of ves

sels in both the STRESS and Benestent trials

were actually smaller than 3.0 mm by quantita

tive coronary angiography most between 2.75

and 3.0mm Most trials have suggested higher

incidence of subacute thrombosis and retenosis

for stenting in vessels smaller than mm com
pared with larger vessels Despite this higher

risk there are emerging data from subgroup

analyses of the randomized stent versus

PTCA trials to suggest that stenting of vessels

smaller than 3.0 mm may be associated with bet-

ter clinical and angiographic outcome compared
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TABLE 25.4 Angiographic and clinical outcome

vessels

of stenting

3.0 mm
versus balloon an giopla sty for small

Study

reference

Binary restenosis TLR

PTCA Stent PTCA Stent

STRESS 11
Benestent 10
START 56
Benestent 1155

55

43

28

34

24

19

27

41

16

31

PTCA percutaneous transluminal coronary angioplasty START Stent Versus Angioplasty Restenosis Trial

STRESS Stent Restenosis Study TLR target lesion revascularization

.05 for all comparisons of PTCA vs stent

with balloon angioplasty Table 25.4

101154 56 It must be cautioned however

that good trials comparing stenting with balloon

angioplastyin small vessels 2.0 to 2.7 mm are

lacking and that the current stent systems for

vessels 2.5 mm and smaller are based on the

abrupt closure indication rather than elective

stenting in these vessels Finally there is the un
proven hope that stents specifically designed for

smaller vessels such as the MiniCrown Cor
dis may result in benefit from lower metal coy

erage with correspondingly lower restenosis

rates

of radioopaque stent and by first debulking the

lesion with rotational atherectomy see Chapter

24 These techniques have allowed successful

treatment of left main as well as ostial right coro

nary lesions 6063 although the risk of reste

nosis of an unprotected left main lesion mani

festing as sudden cardiac death is concern see

Chapter 23

Bifurcation Lesions

Lesions involving the bifurcation of coro

nary artery and major side branch are associ

ated with increased procedural complications

Aortoostial Lesions

True aortoostial lesions extend proximal to

the coronary ostia into the walls of the aorta

where abundant elastic fibers contribute to elas

tic recoil and poor outcome 57 By resisting

recoil stents may provide significantly larger lu

mens and lower the risk of restenosis in this le

sion subset Although randomized trials compar

ing stenting with balloon angioplasty or

atherectomy techniques as treatment for aor

toostial lesions have not been performed Rocha

Singh 58 reported restenosis rate of 27.8%

and Rechavia 59 repeat revascularization rate

of only 9% after stent placement Accurate stent

placement and expansion in the ostium is often

technically challenging however because the

lesion must be covered completely without ex
cessive protrusion of the stent into the aortic

lumen This is aided by the use of an angio

graphic projection that shows the coronary os
tium and wall of the aorta in profile by the use

and poor long-term outcome owing to recoil and

plaque shifting at the origin of the side branch

64 Dauerman and colleagues 65 demon

strated that atherectomy dehulking of such le

sions see Chapter 24 reduces the need for

subsequent revascularization but optimal

performance may be technically demanding
Other investigators have explored number of

approaches to stenting of bifurcation lesions

Fig 25.4 if the parent vessel is large and the

side branch is relatively small stent can simply

be deployed across the side branch and the com
promised side branch can be rescued by bal

loon dilatation out through the wall of the stent

using low-profile balloon positioned half in the

parent vessel and half in the jailed side branch

When both the parent vessel and the side

branch are large more than 2.5 mm and in

volved in the bifurcation lesion optimal treat

ment may require stenting of both With the

stent technique stent is deployed at the os

tium of the side branch followed by second
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FIG 25.4 Various techniques for stenting bifurcation stenoses typical bifurcation lesion with

involvement of both the main vessel and the side branch Stenting of the main vessel with

side branch rescue by dilatation through the stent struts T-stent technique with initial placement

of stent in the side branch followed by second stent in the parent vessel Note the nonstented

gap caused by side branch angle less than 900 Kissing stents with simultaneous placement

of two stents that then run side-by-side in the main vesset proximal to the bifurcation Reverse

T-stenting with placement of the main vessel stent and rescue as per but with placement of

second stent into the side branch through the dilated cell of the parent vessel stent Culotte

stenting in which the stent is placed in one vessel first the side branch is dilated as per and

second stent is placed into the side branch as per but extending well into the proximal vessel

The procedure is completed by dilating back into the main vessel through the side of the

second stent or with kissing balloon inflation None of these techniques is completely reliable

and their complexity and high restenosis rates lead us to favor debulking approaches for rrlost such

lesions see Chapter 24

FIG 25.5 Unusual applications of stenting Stenting of severe muscle bridge Upper panels

show the left anterior descending LAD coronary artery in diastole and compressed in systole

Hemodynamic significance was established by thallium scintigraphy and Doppler flow wire In the

lower panels systolic compression has been eliminated by placement of 3.5 32 mm NIR stent

within the bridged segment Stenting as treatment for refractory coronary vasospasm young

woman developed intermittent chest pain associated with reversible T-wave inversions in the precor

dial leads despite calcium blOckers and nitroglycerin Top Angiography demonstrated high-grade

stenosis in the proximal LAD left which improved after intracoronary nitroglycerin administration

right Top inset Intravascular ultrasound revealed moderate eccentric soft plaque Angiography

and intravascular ultrasound after placement of Crown stent
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stent in the parent vessel Unless the angle of

origin of the side branch is 900 however the

operator is faced with the dilemma of whether

it is better to leave portion of the ostial side

branch lesion unstented or risk having part of

the stent protrude into the parent vessel making

subsequent advancement of the parent vessel

stent difficult or impossible The culotte

technique involves placement of stent into the

side branch with extension into the proximal as

pect of the parent vessel wire is then passed

through the side of this stent and into the distal

parent vessel After balloon dilatation second

stent is passed into the distal vessel through the

side of the first stent so that the proximal ends

of the first and second stents overlap in the prox

imal vessel Ideally this and other bifurcation

stent approaches should be finished by kissing

balloon inflationssimultaneous inflation of

balloons in the main and branch vesselto opti

mize both lumens 66 Other approaches to

stentirig of bifurcation lesions include placement

of kissing stents whereby stents are simul

taneously deployed in the parent vessel and side

branch allowing the operator to shift the ca
rina or bifurcation more proximally in the ves

sel All of these techniques are technically diffi

cult and may result in significant difficulty in

accessing the parent vessel or side branch be

cause of overlapping metallic elements Future

purpose-specific bifurcation stents such as the

Bifurcate Stent AyE Santa Rosa CA or the

Jostent Bifurcation stent Jomed International

Helsingborg may facilitate treatment of this

problematic subset and provide more durable

long-term results 66a

Intramyocardial Bridging and Refractory

Coronary -Vasospasm

Systolic compression of coronary artery that

courses within the myocardium is common ob

servation during coronary angiography and oc

casionally causes myocardial ischemia see

Chapter 13 Using the Doppler flow wire Klues

and colleagues 67 demonstrated that severe

myocardial bridging is characterized by abrupt

acceleration of diastolic flow velocity followed

by mid-diastolic plateau and retrograde sys

tulie flow In 12 patients these alterations in

coronary flow were completely normalized and

all patients symptomatically improved after

stent placement Fig 25.5A Stent placement

has also been used successfully to treat coronary

vasospasm refractory to vasodilators 68 Fig
25 SB

Multivessel Stenting

In the past decade six multicenter random

ized trials compared outcomes after multivessel

balloon angioplasty and coronary artery bypass

grafting See Chapter 23 and failed to demon

strate significant difference in mortality among

patients randomly assigned to either mode 1of

revascularization All of these trials however

showed significantly higher incidence of recur

rent angina and need for repeat rev ascularization

within the first year after multivessel anglo

plasty After multivessel stenting approxi

mately 1-year event-free survival rate of 80%

has been reported 6971 and the randomized

ARTS trial has confirmed reduction of roughly

50% in the incidence of excess repeat revascu

larization procedures compared with initial sur

gical treatment when multivessel stenting is

used instead of conventional balloon angio

plasty

COMPARISONS AMONG STENTS

Approval of the first-generation Gianturco

Roubin and Palmaz-Schatz stents was based on

the knowledge that they reduced the incidbnce

of emergency surgery for abrupt closure and the

rate of restenosis after elective stenting of favor

able lesions see earlier discussion Once the

improved second-generation stent designs were

ready for testing 19951998 the success of

the early stents meant that operators were no

longer willing to compare new stent against

balloon angioplasty in randomized trial To

meet the FDA requirement for randomized

pivotal trial new stent versus stent design

was developed to show that new stent was

equivalent to the gold-standard Palmaz

Schatz design number of such randomized

studiesASCENT MultiLink NIRVANA

NIR SMART MicroStent II EXTRA XT
WINS Walistent PAS Paragon SCORES
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TABLE 25.5 Randomized trials comparing newer coronary stents with the Palmaz-Schatz

coronary stent

Target lesion

Study

reference

investigational

stent

Reste nosis rate rev ascularization

PS New stent PS New stent

ASCENT 71 MultiLink 21 16 11.0 10.8

NIRVANA 72 NIR 21 17 9.0 7.1

GA 1150 GR-II 21 47 26.6 14.6

SCORES 73 Radius 19 17 9.0 7.1

EXTRA 74 XT 28 35 9.0 8.2

SMART 75 Microstent II 23 25 10.9 11.2

PS Palmaz Schatz coronary stent GA-Il Gianturco-Roubin II stent

Radius and BEST BeStentwere per
formed to compare newer investigational stents

with the Palmaz-Schatz coronary stent using an

equivalency design Table 25.5 71 75
Only the GR-II stent whose stent recoil un
dersizing and excessive stent length appear to

have contributed to higher restenosis rates

failed to show equivalency but none of the new

stents showed significantly better performance

than the Palmaz-Schatz stent In part this was

result of the inclusion of only lesion types that

were stentable with the original Palmaz-Schatz

stent The most technically challenging patient

and lesion subsets e.g severe calcification and

tortuosity which form such large part of stent

placement in todays practice were excluded

This explains why the second-generation stents

have completely replaced the Palmaz-Schatz

stent in clinical practice since the mid- 1997 ap
proval of the MultiLink Although study-to-

study differences in patient and lesion complex

ity factors preclude direct comparison of one

new stent with another the stent-versus-stent

studies have provided broad database about

acceptable stent performance that can be used

to develop objective performance characteristics

for stent approval akin to those now used to

approve new heart valves

COMPLICATIONS OF STENTING

Thrombotic and Hemorrhagic

Complications

Surface charge surface texture and surface

energy all contribute to the thrombogenic poten
tial of metallic endovascular prostheses

though all stents attract platelets they then

undergo passivation as proteinaceous material is

deposited on metallic surfaces thereby altering

the resting potential of the alloy 76
At to 12 days after stent placement neoin

tima composed of macrophages and a-ac-

tinnegative spindle cells 77 forms over this

initial coating and reduces the risk of stent

thrombosis

Early Experience

Based on animal work the original stent regi

men was combination of antiplatelet agents

aspirin dipyridamole and low molecular-

weight dextran However the incidence of stent

thrombosis was still 16% to 20% for the early

Palmaz-Schatz and Wallstent data 39 This

prompted the addition of uninterrupted anticoag

ulation transition from intravenous heparin to

warfarin therapy sufficient to prolong the pro
thrombin time to 16 to 18 seconds for to

weeks in the multicenter Palmaz-Schatz regis

try and subsequent early randomized trials Al
though this regimen reduced the incidence of

stent thrombosis to 3% results were less satis

factory in bailout indication stenting of small

vessels residual thrombus or dissection after

stent placement presence of inflow or outflow

obstruction incomplete stent expansion and

subtherapeutic anticoagulation 457880
And the combination of aggressive antiplatelet

and anticoagulation therapies increased the du
ration of hospitalization vs days and in

creased the incidence of heniorrliagic coinplica
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tions 14% vs 3% compared with balloon

angioplasty 1011

Contemporay Experience

major breakthrough in understanding the

pathogenesis of stent thrombosis by Colombo

was the demonstration that most stents approxi

mately 80% with an excellent angiographic ap

pearance after low pressure deployment were

seen to be incompletely expanded by IVUS 13
see Chapter 19 Only after high-pressure 18

to 20 atm dilatation within the stent were full

stent expansion and full apposition of struts to

the vessel wall observed Using this strategy of

ultrasound-guided high-pressure dilatation it

appeared that antiplatelet therapy alone with as

pirin and ticlopidine was sufficient to reduce

stent thrombosis to less than 1% This was con

firmed in large multicenter French registry

81 and in series of randomized trials Table

25.6 141582 84 that demonstrated reduc

tion in subacute thrombosis to 0.6% after opti

mal stent expansion followed by aspirin and

ticlopidine for weeks In addition the timing

of subacute thrombosis was shortened from

median of days with coumadin-containing reg

imens to to days 84a The incidence of

groin complications which had fallen with bet

ter sheath removal strategies even before the

switch away from coumadin see Chapter was

not reduced further but the length of stay fell

to approximately days with aspirin and ticlopi

dine therapy

Ticlopidine however has delayed onset of

action up to days causes rash and gastric

upset in many patients and is associated with

neutropenia in about 1.5% of patients and life-

threatening thrombotic thrombocytopenia pur

pura in small minority of patients 85 These

shortcomings have led many investigators to

substitute related platelet adenosine diphos

phate receptor antagonist clopidogrel for

ticlopidine The theoretic advantages of clopido

grel include the ability to achieve high level

of platelet inhibition after an oral loading dose

the absence of significantly higher incidence of

bone marrow suppression compared with aspirin

alone low incidence of gastrointestinal and

dermatologic side effects and the convenience

of once-a-day dosing 86 Moussa and col

leagues found no significant difference in the

incidence of stent thrombosis or major adverse

cardiac events in patients treated with ticlopidine

or clopidogrel after stenting 87 However the

incidence of side effects was signfficantly lower

in patients treated with clopidogrel 5.3% vs

10.6% Randomized trials comparing outcome

in patients treated with ticlopidine versus clopi

dogrel have failed to show significant differ

ence between these two agents and most centers

have switched to the better tolerated clopridogrel

88
One circumstance has remained constant is

TABLE 25.6 Randomized trials comparing adjunctive pharmacologic regimens after stunting

Study reference Aspirin

Aspirin

ticlopidine

Aspirin

warfarin

Stunt thrombosis
2.7STARS optimal stents 2.9

0.8 5.4ISAR all
0.0ISAR Ml

3.4FANTASTIC all
2.8

MACE
2.7STARS 3.6

11.0MATTIS high-risk
5.6

6.2ISAR all
21.0

ISAR MI
13.5 21.0

FANTASTIC

FANTASTIC Full Anticoagulation versus Aspirin and Ticlopidine Study ISAR Intracoronary Stenting and Anti

thrombotic Regimen MACE major adverse cardiac events MATTIS Multicenter Aspirin and Ticlopidine Trial

after Intracoronary Stenting MI myocardial infarction STARS Stent Anticoagulation Restenosis Study
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that stent thrombosis when it occurs causes dire

clinical consequences In the STRESS trial sub

acute thrombosis was associated with 20%

mortality rate all patients had major complica

tion either death Q-wave Tvll or emergency by
pass surgery 89 In the contemporary era the

7170-patient Cardiovascular Data Analysis

Center database shows that 78% of patients with

stent thrombosis experienced an acute MI with

30-day mortality rate of 15% and 6-month

rate of 19% 48 When thrombosis does occur

recanalization of the occluded stent was possible

in 90% of patients by emergency balloon angio

plasty or rheolytic thrombectomy see Chapter

24 often in conjunction with administration of

platelet glycoprotein llb/ffla receptor antago

nist 90 In patients who are at high risk because

of either patient-related factors e.g hypercoa

gulable state thrombocytosis or lesion-related

factors e.g long stents bifurcation lesions

25.6 residual dissection small vessels re

duced final lumen diameter slow flow the ad
dition of an intravenous platelet glycoprotein

Jib/Lila receptor antagonist is strongly recom

mended In the future the use of coatings with

antithrombotic or antiplatelet activity may fur

ther reduce the incidence of stent thrombosis

In four studies the use of the heparin-coated

Palmaz-Schatz coronary stent Cordis was as-

sociated with low incidence 0% to 0.8% of

stent thrombosis 18559192 Further studies

must be performed to determine whether these

benefits will also be seen when this device is

placed for more challenging lesion subsets such

as small vessels or long lesions

In-stent Restenosis

Despite overwhelming evidence that stenting

reduces restenosis compared with conventional

angioplasty alone the exponential growth in

FIG 25.6 Stent thrombosis 10 days after T-stenting the bifurcation of the left circumflex and its

obtuse marginal branch top left The lesion is crossed with hydrophilic guidewire and an infusion

catheter to establish extent of thrombus and exclude passage under stent struts top center The
Possis Angiojet is positioned distal to the bifurcation top right After aspiration with the Angiojet
antegrade flow is restored and filling defects are no longer apparent bottom left However flow

is decreased in the atrioventricular groove portion of the bifurcation arrow Kissing balloon angio
plasty is performed bottom middle restoring normal flow in both branches bottom right
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stent usage has led to new challenges in the treat

ment of in-stent restenosis Restenosis after stent

placement is caused almost exclusively by

smooth muscle hyperplasia 93 superimposed

on small amount of initial recoil Although this

proliferative response peaks at weeks in dogs

94 serial angiographic and angioscopic studies

in humans demonstrate that the greatest prolifer

ation occurs between and months after place

ment with only small fraction of stents exhibit

ing further nan-owing between and 12 months

9597 Thereafter the proliferating smooth

muscle cells are replaced by relatively inactive

ground matrix and fibrosis This transformation

of the neointima from active proliferation to

quiescent fibrotic matrix also explains the ex

tremely low incidence less than 2% of late

more than year target site revascularization

observed clinically 98

Effect of Optimal Stenting Techniques

Although the risk of restenosis after stenting

is clearly influenced by biologic factors such as

diabetes mellitus and unalterable geometric fac

tors such as small vessel size there is clear

relationship between the immediate poststent

lumen diameter and the freedom from subse

quent restenosis It is therefore up to the operator

to achieve an optimal lumen at the time of stent

deployment despite any lesion resistance and

elastic recoil The difficulty in achievingthis

goal is reflected in the findings of poststent

IVUS which can show poor expansion and ap

position of stents that are apparently well de

ployed angiographically Achieving an in-stent

minimal cross-sectional area equal to at least

55% of the average proximal/distal reference

cross-sectional area reduces the chance of subse

quent restenosis by almost one half compared

with failure to do so 99 Other IVUS criteria

have been proposed see Chapter 19 based on

large studies including the Angiography Versus

Intravascular Ultrasound Directed Coronary

Stent Placement AVID trial the Strategy of

ICUS Guided PTCA and Stenting SIPS trial

the Optimization with ICUS to Reduce Stent Re
stenosis OPTICUS trial the Restenosis after

IVUS-guided Stenting Trial RESIST and the

Can Routine Ultrasound Influence Stent Expan
sion CRUISE substudy of the STARS trial

These studies have addressed whether routine

use of IIVUS guidance is associated with im

provements in angiographic and clinical out

come after stenting Table 25.7 In the RESIST

TABLE 25.7 Studies of intravascular ultrasound IVUS-guided stent placement

Study

reference Design Major findings

MUSIC 102 Registry 81% of lesions met criteria for optimal stenting larger MLD achieved

with IVUS-guidance compared with Benestent II very low anglo

RESIST 103 Randomized trial

graphic 9.7% and clinical restenosis 4.5%
Stent CSA larger with IVUS 7.95 mm2 vs angiographic 7.16 mm2

guidance no difference in postprocedure stenosis 19% by angiog
raphy vs 16% by IVUS no difference in angiographic restenosis

29% by angiography vs 22% by IVUS
OPTICUS Randomized trial No difference in major adverse cardiac events with IVUS vs angie-

graphic guidance no difference in angiographic restenosis

AVID Randomized trial Stent MLD larger with IVUS 3.28 mm vs angiographic 2.95 mm
guidance follow-up pending

CRUISES Randomized trial Stent CSA larger with interactive IVUS 7.76 mm2 vs documentary

IVUS 7.11 mm2 target vessel revascularization lower with interac

tive IVUS 8.9% vs documentary IVUS 14.8%

AVID Angiography Versus Intravascular Ultrasound-Directed Stent Placement trial CRUISE Can Routine

Intravascular Influence Stent Expansion CSA cross-sectional area MLD minimum lumen diameter MUSIC
Multicenter Ultrasound Stenting in Coronaries study OPTICUS Optimization with ICUS to Reduce Restenosis

trial RESIST Restenosis after IVUS guided Stenting Trial

CRUISE was substudy of the Stent Anticoagulation Restenosis Study STARS sites were assigned to no

IVUS documentary blided IVUS or interactive IVUS
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AVID and CRUISE studies IVIJS-guided

stenting was associated with slightly larger stent

minimum lumen diameters or cross-sectional

areas but the clinical benefit has been less con
sistent Given the added expense and time for

mal recommendations regarding routine use of

IVUS guidance for stenting cannot be made until

the final long-term results from these studies are

available and the criteria for optimal stenting are

standardized

One alternative is to perform physiologic as

sessments of stent deployment measuring coro

nary flow reserve or the transstent pressure gra

dient at peak flow see Chapter 18 Hanekamp

and colleagues showed that fractional flow re

serve of 0.94 or more measured with pressure

wire ws highly correlated with IVUS-derived

parameters of optimal stenting 100 Prelimi

nary observations with coronary flow reserve

have also suggested that reduced coronary flow

reserve less than 2.5 after stenting may be asso

ciated with major adverse events at months

101
Despite these measures 20% to 40% of stents

fail to meet criteria for optimal expansion

102103 Factors contributing to this problem

of inadequate stent expansion include balloon

underexpansion and acute stent recoil Although

it was originally thought that stents eliminated

elastic recoil more recent data show 7% to 15%

diameter recoil after deflation of the deployment

or postdilating balloon 104105 Fig 25.7 To

achieve the desired luminal diameter or area the

deployment or postdilating balloon must stretch

the stent approximately 10% beyond the desired

diameter e.g 3.3 mm for final 3.0 mm result

which is one of the effects produced by inflating

semicompliant balloon to 14 to 16 atm Con

trary to early uncontrolled data there is no evi

dence that such high-pressure stent expansion

increases the incidence of subsequent restenosis

106 so current practice favors deployment at

this pressure level

In vessels with bulky eccentric or fibrocalcific

plaques balloon underexpansion may account

for more than 20% of the discordance between

expected and measured balloon cross sectional

area In such lesions vascular compliance may
be improved by removing plaque from the lesion

through pretreatment with high-speed rotational

atherectomy 107 see Chapter 24 thereby

lowering the incidence of target vessel revascu

larization compared with stenting alone Figs

25.8 and 25.9 There is also preliminary evi

dence that debulking of large eccentric plaques

with directional atherectomy before stenting re

duces the amount of in-stent proliferation and

lowers the incidence of angiographic restenosis

108109 These techniques are being evaluated

in the randomized SPORT using rotational ath

erectomy and AMIGO using directional ather

ectomy trials

FIG 25.7 Acute cross-section

area CSA recoil for four different

stents as measured in normal por

cine arteries using 0.018-inch ul

trasound imaging probe within the

deployment balloon From Car

rozzaJPJr Hosley SE Cohen DJ
Bairn DS In vivo assessment of

stent expansion and recoil in nor
mal porcine coronary arteries Dif

ferential outcome by stent design
Circulation 999 00756 with per
mission

pO.OO2 by Anova

pO.O5 vs GR II

pO.Ol vs GRU30

%CSA 25

RECOIL 20

15

10

0-

It-

Page 203 Medtronic Exhibit 1015



656 SECTION VII INTER VENTIONAL TECHNIQUES

Pharmacotherapy to Reduce In-stent

Restenosis

number of agentsincluding heparin an

giopeptin angiotensin-converting enzyme in

hibitors and antioxidantshave shown promise

in reducing the exuberant proliferative response

evoked by stenting in experimental models

However there are few data available that sup

port their efficacy in reducing the incidence of

human in-stent restenosis Although data from

the EPIC trial suggested that the platelet glyco

protein Jib/lila receptor antagonist abciximab

might be associated with reduction in resteno

sis after balloon angiopläty preliminary obser

vations from the randomized ERASER trial

showed no reduction in neointimal volume or

restenosis after stenting with abciximab 110
In the larger EPISTENT trial only diabetic pa-

tients who underwent stenting had lower mci

dence of 6-month clinical restenosis events with

abciximab 90 Given the difficulty in achiev

ing high tissue concentrations of an agent admin

istered systemically local delivery may be re

quired to place therapeutic levels of effective

agents directly into the arterial wall However

in neither the trial using intraarterial hepa

rin nor the ITALICS intraarterial antisense oil

gonucleotides against c-myc study was active

therapy associated with reductions in restenosis

after stenting compared with placebo 111112

Treatment of In-stent Restenosis

Luminal narrowing within stents follows

Gaussian distribution 30 In patients without

recurrent symptoms or provocable ischemia

FIGS 25.8 Rota-stenting long calcified stenosis is present in the left anterior descending corOnary

artery top left After application of the rotational atherectomy burr top right smooth lumen

with significant residual stenosis is present bottom left After stent deployment excellent expansion

is observed bottom right Without Rotablator pretreatment stent passage and full stent expansion

would each have been unlikely
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FIG 25.9 Rota-stenting for protected left main

coronary artery lesion Top Severe stenosis in

the distal left main which supplies only the left

anterior descending coronary artery given pat
ent graft to the circumflex not shown Upper
center .75 mm Rotablator burr Lower center

After rotational atherectomy there is modest

lumen improvement but enhanced lesion compli

ance Bottom After stent placement excellent

lumen dimension is established

mild to moderate degrees of in-stent restenosis

40% to 70% diameter stenosis are associated

with favorable long term prognosis and there

fore can be treated with medical therapy alone

113 When in-stent restenosis results in recur

rent coronary ischemia however treatment is

indicated The initial experience in treatment of

in stent restenosis involved balloon dilatation

within the stent The procedural success rate was

almost 100% and because the metallic struts

were not reexposed to blood elements anticoagu

lation was not necessary 114 but the rate of

recurrent restenosis exceeded 50% for dilatation

of diffuse in-stent restenotic lesions 115116
One reason is that much of the hyperplastic ma
terial that has been compressed and extruded

through the stent struts returns to the stent lumen

within 30 minutes after the final balloon infla

tion 117 In an effort to improve on the subopti

mal long-term results of diffuse in-stent resteno

sis several groups have investigated the strategy

of plaque removal from within the stent before

balloon dilatation using atheroablative tech

niques see Chapter 24 Dauerman 118 and

Sharma 119 reported larger initial lumen and

reduction in subsequent target vessel revascu

larization from 46% to 26 28% in lesions

treated with rotational atherectomy compared

with balloon angioplasty alone Similar results

have also been reported after directional atherec

tomy see Ch2pter 24 or excimer laser angio

plasty 120 122 Although controlled random

ized clinical trials using less aggressive

debulkirig and postplacement dilatation have not

uniformly confirmed this benefit the preponder

ance of evidence favors the concept that strate

gies incorporating tissue removal rather than

plaque compression alone result in larger post-

treatment lumen diameters and lower rates of

target vessel revascularization

Despite these reductions in repeat revascu

larizations observed with debulking of in-stent

restenosis almost 30% of these patients require

additional interventions to treat this aggressive

proliferative response Because recurrent lumi

nal narrowing after stenting is almost entirely the

result of smooth muscle cellular proliferative

process therapies such as radiation that are ef

fective in the treatment of other benign prolifera

tive disorders e.g Graves exophthalmos ke

bid formation are particularly attractive

Teirstein demonstrated marked reduction in

angiographic restenosis 17% vs 54% target

lesion revascularization 12% vs 45% and

major adverse cardiac events 19% vs 62% in

patients treated by y-irradiation with iodine 192

after stent placement 123 These dramatic ben

efits of y-irradiation were confirmed in the

larger multicenter Gamma study 124 and the

Washington Radiation for In-Stent Restenosis

Trial WRIST study The long-term outcome

of patients with in-stent restenosis was also fa

vorably influenced by /3-radiation with 47%

reduction in angiographic restenosis 46% to

24% and 34% reduction in target vessel re

vascularization 24% to 16% in the active arm

124a Although randomized trials of primary
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irradiation have not been completed data from

the Beta Energy Restenosis BERT trial using

an encapsulated strontium 90/yttrium /3 source

Beta Cath Novoste Corporation Norcross

GA also suggested reduction in late loss and

restenosis 15% afterballoon angioplasty 125
The effect of primary irradiation on restenosis

after initial angioplasty or stenting is currently

being studied

Side Branch Occlusion

In the early experience with the Palmaz

Schatz stent Fischman et al 126 and Iniguez

et al 127 reported 5% incidence of acute

branch occlusion when the stent was placed

across major more than mm side branch

In all such cases ostial stenoses greater than

50% had been present in the involved side

branch Although such side branch occlusion

had low morbidity in these series it should be

noted that stenting across large diseased side

branches was specifically avoided and that stent

induced occlusion of large side branch clearly

may result in significant myocardial ischemia

Because stenting may induce vasospasm in the

involved side branch administration of intracor

onary nitroglycerin alone is sometimes adequate

to restore normal flow More commonly side

branch cnrnprnmise results from the snow
plow mechanismshifting of plaque during

stent deployment or high-pressure dilatation If

significant ischemia persists guidewire can be

advanced out through stent cell and into the

effected side branch to allow advancement of

low-profile angioplasty balloon catheter The

proximal end of the balloon catheter should al

ways be kept in the parent vessel to avoid the

risk of entrapment in the side branch 128 The

size of side branch dilatation may be limited by

stent cell size e.g NIR Palmaz-Schatz stents

and elastic recoil commonly observed at the ori

gin of side branches may contribute to high

likelihood of repeat restenosis If restenosis of

jailed side branch occurs rotational ather

ectomy can safely be performed through the side

of previously dilated stent cells to improve acute

angiographic appearance Fig 95.10

Stent Embolization

In the initial multicenter registry in which the

Palmaz Schatz coronary stent was hand-

mounted on conventional angioplasty balloon

and no sheath was used stent embolization oc
culTed in 2.5% of patients There were no re

ported clinical sequelae but clearly every

effort should be made to avoid this complication

Sheathed delivery systems such as the Palmaz

Schatz Stent Delivery System Cordis or the

Sheathed MultiLink System Guidant reduce

the chance of embolization but may impede de

livery owing to their large profiles Present-gen

eration bare stents have significantly higher

crimp strength and unique attachment features

e.g NIR on Sox system Boston Scientific

retentive balloon coatings e.g Power Grip bal

loon Cordis or nesting of the stent into the bal

loon material which improve stent retention

Nevertheless virtually any stent may be dis

lodged from the balloon if it catches on the edge

of the guiding catheter during forceful retraction

after unsuccessful placement If guidewire posi

tion has been maintained in the distal coronaiy

artery the delivery balloon or another low-pro

file balloon may be placed back through the

stent allowing it to be repositioned across the

target lesion If the stent cannot be repositioned

the balloon can be placed distal to the stent and

inflated to trap the stent between the balloon and

guiding catheter as they are withdrawn into the

descending aorta and recovered into the sheath

If guidewire position has been lost and the unex

panded stent is located in proximal prtion of

the coronary artery or has embolized into pe

ripheral artery it may be removed by use of

variety of snare devices Alternatively second

stent may be expanded adjacent to the dislodged

stent to trap it against the vessel wall and effec

tively exclude it from the lumen If the stent

cannot be removed or effectively excluded

from the coronary lumen strong consideration

should be given to referring the patient for coro

nary artery bypass surgery

Incomplete Expansion

Incomplete stent expansion may result from

rupture of the delivery balloon or failure of the

.1
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FIG 25.10 Rotational atherectomy of restenotic branch jailed by an NIR stent in the left anterior

descending coronary artery top left 2.15-mm Rotablator burr is seen positioned just proximal

to the stent top middle After rotational atherectomy through the side of the stent significant luminal

enlargement is seen top right Kissing balloon angioplasty bottom left is performed resulting

in large lumen in both the left anterior descending and diagonal arteries bottom right

balloon to be expanded adequately in calcified

or fibrotic vessels The risk of incomplete expan
sion is significantly higher during primary

stenting when the operator deploys stent

without predilation or debulking This practice

is therefore best avoided in heavily calcified ves

sels or when deploying long stents In such ves

sels full stent expansion may be achieved at

lower balloon pressures when the vessel is pre
treated with rotational atherectomy

When the delivery balloon ruptures before the

stent is embedded adequately in the vessel wall

further expansion can be achieved by rapidly in

creasing pressure within the balloon using

power injector or conventional manual infla

tion device new noncompliant balloon can

then be placed within the stent to achieve full

expansion If the stent is markedly underex

panded at the end of the procedure the adminis

tration of platelet glycoprotein Jib/lila receptor

antagonist may reduce the risk of stent throm

Perforation

Although the routine use of high-pressure

postplacement dilatation improves stent expan

sion the significant barotrauma imparted to the

vessel may result in frank perforation 129 In

retrospective analysis Ellis and colleagues

documented 0.1% incidence of perforation

130 Colombo showed that high-pressure dila

tation of appropriately sized balloons balloon

artery ratio 1.1 is safe but that the use of mark

edly oversized balloons ratio 1.2 carries risk

of perforation and vessel rupture of 1.2% to 0%

13 Most small perforations can be sealed with

prolonged balloon inflations and reversal of anti-

coagulation with protamine unless platelet

glycoprotein HbIIIIa receptor antagonist has

been given In the event of large perforation

or when balloon dilatation is unsuccessful in

sealing the leak pericardial tamponade may

ensue The operator must be prepared to block

the involved vessel with an angioplasty balloonbosjs
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to perform emergency pericardiocentesis and to

obtain cardiac surgical consultation In the fu

ture deployment of covered stent may provide

reliable sealing and obviate the need for emer

gency surgery

Infectious Endarteritis

Placement of foreign body endovascular

prosthesis carries theoretic risk of bacterial

endarteritis In an experimental porcine model

after transient bacteremia significant number

of recently placed coronary stents cultured posi

tive for bacteria 131 In the early stenting expe

rience all patients received 48 hours of antibi

otic prophylaxis during and after stent

placement Because the risk of suppurative end

arteritis in stented coronary arteries is extremely

rare with only three documented cases in the

literature 132134 periprocedural antibiotic

therapy is no longer recommended However if

sterile technique has been breached or if the

patient requires an invasive procedure associ

ated with transient bacteremia during the first

weeks after stenting antibiotic prophylaxis

should still be strongly considered

Cost

In the present era of cost-consciousness new

technologies that affect not only clinical out

come but also resource utilization have come

under intense scrutiny There is no better exam

ple than coronary stenting where the cost of

single stent approximately $1200 may exceed

that of an angioplasty balloon by factor of

In two early single-center observational studies

stenting was associated with significantly higher

initial hospital costs than other modalities of

catheter-based revascularization Cohen and col

leagues 135 compared the costs of stenting and

balloon angioplasty for patients treated in the

STRESS trial and found that the initial hospital

costs of Palmaz-Schatz stenting exceeded those

of balloon angioplasty by $2200 based on

stent price of $1400 Despite significant cost

savings from the reduction in subsequent hospi

talizations and repeat revascularizations the

overall cost of stenting still exceeded that of

PTCA by $800 at year This excess cost may

have fallen somewhat with the adoption of opti

mal sténting techniques the replacement of war

fariri-based regimens with antiplatelet therapy

and the concomitant reductions in length of stay

and vascular complications In the randomized

Benestent II trial in which optimal stenting

techniques and dual antiplatelet therapy were

used stenting was still associated with greater

overall cost $1020 higher than balloon angio

plasty at year 55 but it was still cost-effective

with an acceptable cost-effectiveness ratio of

$23601 per quality-adjusted life-year gained

due to the reduction in the need for subsequent

procedures 136

FUTURE TECHNOLOGY

Coated Stents

Metallic stents are inherently thrombogenic

and also provoke an exuberant hyperplastië re

sponse within the first year after depoyment

Given these limitations modifications to the me

talhic surface to reduce its thrombogenicity and

alter the long-term arterial response to injury

would be desirable Most stent coatings are poly

mers which can be divided into biodegradable

and nonbiodegradable groups 137 Biodegrad

able polymers such as polyurethane polyethyl

ene terephtalate and polyorganophosphazene

138 141 were investigated but were found to

provoke intense inflammatory reactions An ex

ample of nonbiodegradable coating that ha
been used clinically is Biogold 30-nm-thick

hydrocarbon layer applied by gas exchange to

the Wallstent 138 Other nonbiodegradable

coatings that are presently under investigation

include phosphorylcholine DivYsio stent Bio

compatibles Ltd Surrey U.K amorphous hy
drogenated silicon carbide Tensum and Tenax

stents Biotronik Berlin Germany 137 dia

mond-like carbon and pyrolitic carbon Carbo

stent Sorin BioMedica Italy l37a

Drug-eluting Stents

In the future stent coatings may also serve as

reservoirs for the local delivery of active anti-

hi

.1
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platelet antithrombotic and antiproliferative

agents The largest experience to date with

coated stent has been with the heparin-coated

Palmaz Schatz coronary stent in which heparin

molecules are covalently bound by end-point at

tachment to polymerized surface The stent

does not elute heparin but it allows heparin to

function as an in situ catalyst for activation

of antithrombin Ill Low rates of thrombosis

have been observed in the four large studies

using this device 18559192 without any de

monstrable antiproliferative effect

The other approach is to use biodegradable

polymers to slowly release pharmacologically

active agents Animal studies have demonstrated

that drugs such as forskolin 142 and dexameth

asone 143 when embedded into polymer ma
trix can be incorporated into the arterial wall at

concentrations several orders of magnitude

higher than serum levels Although the notion

of therapeutic stent is attractive significant

hurdles remain such as identifying appropriate

therapeutic agents and noninflammatory poly

mers as well as defining optimal delivery kinet

ics and dosage Finally stents may be seeded

with cells that secrete biologically active pro-

teins 144

Radioactive Stents

at the edge of the stent or by avoiding balloon

injury to this vulnerable area remains to be seen

Covered Stents

The difficulty in coating stents with nonin

flammatory polymers has led to the investigation

of stents covered completely by artificial or nat

ural material Stefanidis described technique

for sewing thin segments of autologous veins

or arteries to metallic stent 148 The initial

clinical experience with these autologous stents

in thrombus-containing lesions and degenerated

saphenous vein grafts has been encouraging but

the long-term outcome compared with uncov

ered stents has not been studied prospectively

149150 more practical approach has been

the use of stents covered by synthetic material

The Jostent Jomed Coronary Stent Graft is

layer of polytetrafluoroethylene PTFE sand
wiched between two layers of slotted-tube

stent Fig 25.11 This covered stent has rela

tively low crimped profile and may be an ideal

choice for sealing perforations excluding coro

nary aneurysms and decreasing distal emboliza

tion when stents are placed in friable lesions

Although initial clinical results suggest that the

PTFE-covered portions of the stent are largely

free of hyperplasia pharmacologic regimens to

Fischell and colleagues 145 showed that

stent wires impregnated with /3 emitter phos
phorus 32 inhibited subsequent growth and mi
gration of cultured smooth muscle cells The

concept of radioactive stent offers several theo

retic advantages over other methods of endovas

cular brachytherapy but clinical trials with the

32P /3-emitting Isostent in which Palmaz

Schatz coronary stent is impregnated with 90Sr

half-life 14 days Cordis have shown mixed

results At low doses 1uCi of total radiation

there was no significant reduction in restenosis

146 At higher doses 0.75 to 6.0 1uCi hyper

plasia within the stent seemed to be reduced but

significant luminal narrowing at the edges of the

stents termed candy wrapper resteno

sis still occurred 147 Whether this prob

FIG 25.11 Covered stent The Jomed Jostent

consists of polytetrafluoroethylene membrane

trapped between an inner and an outer Jostent

Such devices are potentially useful in treating

vessel perforations aneurysms or occluding cor

onary sinus fistulaslem can be overcome by increasing the dosage
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prevent thrombosis and avoidance of restenosis

at the uncovered edges are ongoing issues 151

CONCLUSIONS

More than 30 years after Charles Dotter first

proposed the concept of an endovascular pros

thesis coronary stenting has emerged as the

dominant technology for catheter-based coro

nary revascularization The availability of stents

with excellent deliverability and scaffolding the

demonstration that stenting improves acute and

long-term outcome in wide variety of lesion

types and the development of effective and bet

ter-tolerated regimens to prevent stent thrombo

sis have facilitated the application of stenting to

almost every lesion subset In the future stents

also have the potential to provide regional arte

rial delivery of bioactive drugs or radiation to

help prevent both thrombosis and subsequent re

stenosis
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