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Coronary arteriography remains the standard for identifying the presence or abseter@bharrowings
related to atherosclerotic coronary sartery disease (CADprwvities the most reliable anatomical informa
for determining the appropriateness of medical therapy, percutaneous coronary imte\RQL), or coronary
artery bypass graft (CABG) surgery in patients with ischemic CAD. Firstipegfbby Sones in 1959,
coronary arteriography has subsequently become one of the most widely used invasive procedures in
cardiovascular medicine. It is performed by directly injecting radiopaque contagsiahinto the coronary
arteries and recording radiographic images on 35-mm cinefilm or digital recordiogstian 2 million
patients will undergo coronary arteriography in the United States this year aloner@maly arteriography is
now available in 25% of acute care hospitals in this country.

The methods used to perform coronary arteriography have improved substantially since 1989 (Sl
French [5 to 6F]), high-flow injection catheters have replaced larger (8F), thllddwatheters, and the
reduced sheath size has allowed same-day coronary arteriography, ambulation, and dGohguigetion
rates associated with coronary arteriography have fallen due to a better understatidinmeoprocedural
management of patients undergoing cardiac catheterization. “Filmless’,digila more recently, flat-panel
laboratories now permit high-quality image acquisition, electronic (rather themB8inefilm) storage, and
rapid image transfer and dissemination Adjunctive invasive imaging modalities, such as intravascular
ultrasonography (IVUS), optical coherence tomography,iaingcoronary temperature measurements, car
provide the clinician with more precise characterization of the vessel walktard ef atherosclerotic risk
than is available with conventional angiography. This chapter reviews the indicationd techaniques of
coronary arteriography, the normal coror anatomy and pathological coronary variants, the qualitative

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht 16/10/200:



MD Consult: Books: Libby: Braunwald's Heart Disease: A Textbook of Cardiovaddaldic... Pagina2 de83

quantitative angiographic methods for assessing severity of stenoses, and the advahiageateons of
invasive imaging for characterizing atherosclerotic plaque.

INDICATIONS FOR CORONARY ARTERIOGRAPHY

(See also later, “Guidelines: Coronary Arteriography.”)

Coronary arteriography establishes the presence or absence of coronary stenosefhelefpetic options,
and determines the prognosis of patients with symptoms or signs of ischemi@C8&ronary arteriography
can also be used as a research tool to evaluate serial changes that occul afteh&@acological therapy.
The American College of Cardiology/American Heart Association (ACC/AHa#gKTForce established
indications for coronary arteriography in patients with known or suspected CAD ( Tablg[20-

TABLE 20-1 -- Indications for Coronary Arteriography

Class |

Class lla

Class IIb

Class Il

Asymptomatic or Stable Angina

CCS class Il and IV
on medical therapy

High-risk criteria on
noninvasive testing
irrespective of
angina

Successfully
resuscitated from
sudden cardiac deat
with sustained
monomorphic VT or
nonsustained
polymorphic VT

N Patients with

CCSclass lll or
IV that improves
toclasslorll
with medical
therapy

Worsening
noninvasive
testing

angina and
severe illness
that precludes
risk stratification

CCSclass |l or
angina with
intolerance to
medical therapy

Individuals
whose

occupation
affects the safety
of others

CCSclass I or i
angina with
demonstrable
ischemia but no
high-risk criteria on
noninvasive testing

Asymptomatic men
or postmenopausal
women with >two
major clinical risks
with low-risk
noninvasive testing
and no prior CAD

Asymptomatic
patients with prior
MI, normal LV
function, and no
high-risk
noninvasive testing

Angina in patients who
prefer to avoid
revascularization

Angina in patients who
are not candidates for
revascularization or in
whom it will not
improve QOL

As a screening test for
CAD

After CABG when there
is no evidence of

ischemia on noninvasive
testing

Coronary calcification
on fluoroscopy or EBCT

Unstable Angina

High or intermediate
risk for adverse
outcome in patients
refractory to medical
therapy

High or intermediate
risk that stabilizes
after initial treatment]

Initially low short-
term risk that is high
risk on noninvasive
testing

Suspected
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None

Low short-term risk
unstable angina without
high-risk criteria on
noninvasive testing

Recurrent chest
discomfort suggestive o
unstable angina but
without objective signs
of ischemia and with a
normal coronary
angiogram within the
past 5 years

Unstable angina in
patients who are not
candidates for
revascularization
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Prinzmetal variant
angina
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Postrevascularization Ischemia

Suspected abrupt
closure or subacute
stent thrombosis
after PCI

Recurrent anginand

Recurrent
symptomatic
ischemia within
12 months of
CABG

Asymptomatic post-
PCI patient
suspected of having
re-stenosis within
the first months after

Symptoms in a post-
CABG patient who is
not a candidate for
revasascularization

Routine angiography

high-risk criteria on Noninvasive PCI because of an after PCl or CABG
noninvasive evidence of abnormal but not unless part of an
evaluation within 9 high-risk criteria high-risk approved research
months of PCI occurring noninvasive test protocol

grklgéne after Recurrent angina

without high-risk
Recurrent criteria on
angina noninvasive testing

inadequately
controlled by
medications

occurring 1 year
postoperatively

Asymptomatic post-
CABG patient in
whom a
deteriorating
noninvasive test is
found

After QWMI or NQWMI

Patients who are not a

Spontaneous Suspected Mi For a suspected :
myocardial ischemia]  due to coronary persistent occlusion |candidate for or refuse
or ischemia embolism, of the IRA to revascularization
provoked with arteritis, trauma, perform delayed PC
minimal exertion (r:neer::g]olic Coronary
Befor rgical . rteriograph

efore surgica diseases, or arteriography

therapy for acute
MR, VSD, true or

performed without

coronary spasm risk stratification to

pseudoaneurysm Survivors of identify the presencs
: acute MI with of left main or three-

Egrrrfcl)sc})e/::;mic LVEF < 0.40, vessel CAD
instability CHF, prior PC| All patients after

or CABG, or

. NQWMI

malignant

ventricular Recurrent

arrhythmias ventricular

tachycardia despite
antiarrhyhtmic
therapy without
ongoing ischemia

Nonspecific Chest Pain

High-risk features on None

noninvasive testing

Patients with recurrent |All other patients with

hospitalizations for ches{nonspecific chest pain
pain who have abnormal
or equivocal findings on

noninvasive testing

From Scanlon P, Faxon D, Audet A, et al: ACC/AHA guidelines for cor angiography. J Am Coll Cardic
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33:1756, 1999.

Class I: conditions for which there is agreement that the procedure is usefuleantigtesfClass Ila: weight of
the evidence is in favor of usefulness and efficacy; Class llb: weight of the evidées® well established by
evidence and opinion; Class lll: conditions for which there is general agreemehetpeddedure is not
useful and effective and in some cases may be harmful.

CABG = coronary artery bypass graft surgery; CAD = coronary artery dise@Ses Canadian
Cardiovascular Society; CHF = congestive heart failure; EBCT = electrondmaputed tomography; IRA =
infarct-related artery;

= left ventricular; Ml = myocardial infarction; MR= mitral regurgitat; NQWMI = non-Q-wave Ml; PCI
= percutaneous coronary intervention; QOL = quality of life; QWMI = Q-wave MD ¥Se ntricular septal
defect; VT = ventricular tachycardia.

Patients with suspected CAD who have severe stable angina (Canadian Cardiossmaty [CCS] class I
or IV) or those who have less severe symptoms or are asymptomatic but demonstraisK'hagheria for an
adverse outcome on noninvasive testing should undergo coronary arteriography. High-risk feataies incl
resting or exercise-induced left ventricular dysfunction (left ventriculati@fefraction [LVEF] <35 percent)
or a standard exercise treadmill test demonstrating hypotension or 1 to 2 mm or maym&it siepression
associated with decreased exercise capagit$ftress imaging that demonstrates a moderate or large perfusior
defect (particularly in the anterior wall), multiple defects, a large fixefligien defect with left ventricular
dilation or increased lung uptake (see Chap. 16) , or extensive stress or dobutamine-indunedomall
abnormalities (see Chap. 14) also indicate high risk for an adverse outcomes Pesesttitated from sudden
cardiac death, particularly those with residual ventricular arrhythmiaslsareaadidates for coronary
arteriography, given the favorable outcomes associated with revascularizatiesdrpatients. In the absence
of symptoms and signs of ischemia, the presence of coronary calcification on fluoroscopygmdadchim
score by ultrafast computed tomographic scanning are not indications for coronaogaapdy.

Patients with unstable angina (see Chap. 53) who develop recurrent symptoms desgatietmeeapy or who
are at intermediate or high risk for subsequent death or myocardial infarction ¢hdlsarcandidates for
coronary arteriography11] [12] High-risk features include prolonged ongoing (>20 minutes) chest pain,
pulmonary edema, worsening mitral regurgitation, dynamic ST segment depression of 1 m, @nchor
hypotension2] Intermediate-risk features include angina at rest (>20 minutes) relievedesiitor sublingual
nitroglycerin, angina associated with dynamic electrocardiographic changes,aesenangina with a high
likelihood of CAD, pathological Q waves or ST segment depression less than 1 mm in rredtigleand age
older than 65 yearg]

Patients with an ST segment elevation myocardial infarction (STEMI), a heegnent elevation myocardial
infarction (NSTEMI), or unstable angina who develop spontaneous ischemia; or withisseh@minimal
workload; or who have MI complicated by congestive heart failure (CHF), hemodynamizlitysteardiac
arrest, mitral regurgitation, or ventricular septal rupture should undergo coromairygaephy. Patients with
angina or provocable ischemia after MI should also undergo coronary arteriography becmcdagzation
may reduce the high risk of reinfarction in these patients.

Patients who present with chest pain of unclear etiology, particularly those whbiglawresk criteria on

noninvasive testing, may benefit from coronary arteriography to diagnose or exclude the pesgmigcant
CAD.[2] Patients who have undergone prior revascularizatmuld undergo coronary arteriography if the
suspicion of abrupt vessel closure or when recurrent angina develops that meet& Imghhmgsive criteria.

Coronary arteriography should be performed in patients scheduled to undergo noncardiac surgemnyonho d
strate high-risk criteria on noninvasive testing, have angina unresponsive to medigai,tlevelop unstable
angina, or have equivocal noninvasive test results and are scheduled to undergo high-risk seir@eny (se
Chap. 80 and its Guidelines). Coronary arteriography is also recom-mended for patienteddbachdergo
surgery for valvular heart disease or congenital heart disease, particulaglyittomultiple cardiac risk
factors and those with infecti endocarditis and evidence of coror embolizatior[2]
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Coronary arteriography should be performed annually in patients after cardiac tratgpiantthe absence of
clinical symptoms because of the characteristically diffuse and often asyatigto@ture of graft
atherosclerosis (see Chaps. 27 and 38) . Coronary arteriography is useful in potential doacdgfor
transplantation whose age or cardiac risk profile increases the likelihood of CABrt€éhegram often
provides important diagnostic information about the presence of CAD in patients vatttabte arrhythmias
before electrophysiological testing or in patients who present with a dilated cpogiatiny of unknown
etiology.

CONTRAINDICATIONS.

Although there are no absolute contraindications for coronary arteriography, relatianchedtions include
unexplained fever, untreated infection, severe anemia with hemoglobin less than 8ewgrdletectrolyte
imbalance, severe active bleeding, uncontrolled systemic hypertension, digitaity tpxevious contrast
reaction but no pretreatment with corticosteroids, and ongoing strokiher disease states that are relative
contraindications to coronary arteriog-raphy include acute renal failure; deconaoe@stt; severe intrinsic
or iatrogenic coagulopathy (International Normalized Ratio [INR] greater than Bdgciive endocarditi]
Risk factors for significant complications after catheterization includenagdaage as well as several general
medical, vascular, and cardiac characteristics ( Table 20-2 ).

TABLE 20-2 -- Patients at Increased Risk for Complications after Coronary Arteriograply
Increased General Medical Risk

Age > 70 years

Complex congenital heart disease

Morbid obesity

General debility or cachexia

Uncontrolled glucose intolerance

Arterial oxygen desaturation

Severe chronic obstructive lung disease

Renal insufficiency with creatinine greater than 1.5 mg/d|

Increased Cardiac Risk

Three-vessel coronary artery disease
Left main coronary artery disease
Functional class IV

Significant mitral or aortic valve disease or mechanical prosthe$
Ejection fraction less than 35%
High-risk exercise treadmill testing (hypotension or severe ischgmia)
Pulmonary hypertension

Pulmonary artery wedge pressure greater than 25 mm Hg

S

Increased Vascular Risk

Anticoagulation or bleeding diathesis
Uncontrolled systemic hypertension
Severe peripheral vascular disease
Recent stroke

Severe aortic insufficiency

Adapted from Scanlon P, Faxon D, Audet A, et al: ACC/AHA guidelir coronary angiography. J Am Coll
Cardiol 33:1756, 1999.

Given that the majority of these conditions are self-limited, deferral of corortariography until important
comorbidities have been stabilized is generally preferred unless there is ewtlengeing myocardial
necrosis. It is recognized that coronary arteriography performed under emergency cosditssosiated with
a higher risk of procedural complication. The risks and benefits of the procedure ataintgtiaes should be
carefully reviewed with the patient and family in all circumstances beforetaka®y coronary arteriography
in the presence of relative contraindications.
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COMPLICATIONS OF CORONARY ARTERIOGRAPHY
Major complications are uncommon (<1 percent) after coronary arteriography ( Teb)20[14] and

stroke (0.07 to 0.14 percent), and local vascular complications (0.24 to 0.1 pexcéhg.incidence of
death during coronary arteriography is higher in the presence of left main coronaryLAft€4) disease
(0.55 percent), with LVEF less than 30 percent (0.30 percent), and with New York Heauibfien
functional Class IV disease (0.29 percent). Stroke may develop e@agbtlization of atherosclerotic dely
into the cerebral circulation or embolization of clot that formed on the injectioneathearticularly in
patients with prior CABG who have a diseased ascending aorta. More recently, ragete@nplicating
diagnostic catheterization has been amenable to neurovascular interygnRecent series have shown|no
increase, and in one study a declinen the major complication rates associated with coronary
arteriography, despite increased morbidity of patients and higher lesion complgxity.

f

Minor complications are also uncommon (<2 percent) after coronary arteriographmbitus is rare (0.
percent) during diagnostic coronary arteriography and is generally preventable withigustftushing an
elimination of air within the manifold. If an air embolus and air lock do occur, 100 percent oxymdd s
be administered, which allows resorption of smaller amounts of air within 2 to 4 minatgscMlar
arrhythmias associated with air embolus can be treated with lidocaine astecdirent cardioversion.
Cholesterol embolization is also uncommon, but may occur with catheter manipulatioffuselydi
diseased abdominal aortic aneurysm (see also Chaps. 56 afgj Bl&rve pain after diagnostic
catheterization is infrequent and generally resolves spotangougiithough lactic acidosis may develoj
after coronary angiography in diabetic patients taking metformin, this comptidas been minimized
with metformin discontinuation after coronary arteriography until renal function bagared.

=

o

With the expanded use of complex PCI (see Chap. 55) , patients may now return for multiple @socedur
over their lifetime that may subject them to the risk of cumulative radiatioryifjor An average PCI
procedure imparts 150 times the radiation exposure received with a single chest x-raynasditet
annual radiation received by background environmental radiatiprReports of radiodermatitis related to
prolonged x-ray exposure have led to the recommendation that patients who receive fluorstapy f
than 60 minutes be counseled about the delayed effects of radiation injury to the skin, although
proportionately more radiation is received with digital cineangiography than fluorodomgy Radiation-
induced lesions are generally identified by their location in the region of the x-ray tube andréfest by
an acute erythema, delayed pigmented telangiectasia, and indurated or ulceratedmthgqugsper back
or below the axilla.

TABLE 20-3 -- Risk of Cardiac Catheterization

Complication SCAI Registry (%)
Mortality 0.11
Myocardial infarction 0.05
Cerebrovascular accident 0.07
Arrhythmias 0.38
Vascular complications 0.43
Contrast reaction 0.37
Hemodynamic complications 0.26
Perforation of heart chambgr 0.03
Other complications 0.28
Total of major complicationp 1.70

Adapted from Scanlon P, Faxon D, Audet A, et al: ACC/AHA guidelir coronary angiography. J Am Coll
Cardiol 33:1756, 1999.

SCAI = Society for Cardiac Angiography and Intervention.
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TECHNIQUE OF CORONARY ARTERIOGRAPHY
PREPARATION OF THE PATIENT.

Elective coronary arteriography should be performed alone or in conjunction with rightdtaateazation or
contrast left ventriculography when comorbid conditions, such as CHF, diabetes melli&nslo

insufficiency, are stable. A baseline ECG, electrolyte and renal functiondestplete blood cell count, and
coagulation panel should be reviewed before coronary arteriography. Patients who may unbsihgolBC
receive aspirin, 162 to 325 mg, at least 2 hours before the procedure if PCI is plannedn 8fetdd be
discontinued 2 days before elective coronary arteriography, and the INR should be less than 2 Qdvefbre a
puncture. Patients at increased risk for systemic thromboembolism on withdraveafariny such as those

with atrial fibrillation, mitral valve disease, or a prior history of systetmiomboembolism, may be treated
with intravenous unfractionated heparin or subcutaneous low-molecular-weight hephaemeriprocedural
period.

VASCULAR ACCESS.

A variety of vascular approaches are available for coronary arteriography. Th®saéthe vascular access
depends on the operator and patient preferences, anticoagulation status, and presepberaf pascular
disease.

Femoral Artery Approach.

The right or left femoral arteries are the most commonly used acces®sitesoinary arteriography. The
common femoral artery courses medially to the femoral head and the bifurcation @mhtinerc femoral artery
into its branches is generally distal to the middle third of the femoral head, whible tacalized by
fluoroscopy before arterial puncture ( Fig. 20-1A ). The anterior wall of the commonaiesmiary should be
punctured several centimeters below the inguinal ligament but proximal to the bifureitihe superficial
femoral and profunda arterial branches (see Fig. 20-1B ). If the puncture site is ptoximeanguinal

ligament, hemostasis after the procedure may be difficult with manual coroprésading to an increased risk
of retroperitoneal hemorrhage. If the puncture site is at or distal ferti@al bifurcation, there is a higher r

of pseudoaneurysm formation after sheath removal. Ipsilateral cannulation of tralfartery and femoral
vein also increases the risk of arteriovenous fistula formation.
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FIGURE 20-1 Radiographic landmarks can be used to identifycthese of the common femoral artefy. The middle third of the right femoral head
identifies the usual course of the common femataira (arrow).B, The arterial sheath is shown placed proximallthebifurcation of the femoris
superficial femoral artery and the profunda femoris

Radial and Brachial Artery Approaches.

Although Sones first introduced the cutdown approach to the brachial artery for cororaogragéy, access
to the brachial and radial arteries is nowst often obtained percutaneously. These approaches are prefi
the femoral approach in the presence of severe peripheral vascular diseaseb@hdbmesity,[20] [21]and
radial artery access is generally preferred to brachial cathetenizite to its ease of catheter entry and
removal[13] The brachial artery easily accommodates an 8F (1F = 0.33 mm in diameter) sheats tieere
radial artery is smaller and generally limited to 5 to 7F catheters. Befoat agtéiry access is attempted, an
Allen test should be carried out to ensure that the ulnar artery is patent weth®feradial artery occlusion.
[14] Systemic anticoagulation with intravenous heparin or bivalirudin is used for both apprwapr®sent
catheter thrombosis. Use of a hydrophilic shgathand administration of intraarterial verapamil and
nitroglycerin reduce the occurrence of radial artery spasm, although rare episodéd aftery trauma and
avulsion have been reportéeah)

The radial artery approach allows immediate ambulation after coronarpgréginy with lower cost

(compared with femoral closure devices) and improved coronary visualization (eahwatr smaller 4F

diameter femoral catheterg):] Saphenous vein grafts (SVGs) can be engaged using either brachial or radial
artery, but cannulation of the internal mammary artery (IMA) is best performedtiehaft brachial or radial
artery. Engagement of the left IMA from the right brachial or radial arteschmically challenging but may
performed using a “headhunter” or another shaped catheter for selective entry ietbshledavian artery. A
0.035-inch angled hydrophilic guidewire is the most useful support wire for access to theisnlzlary.

CATHETERS

Diagnostic catheters developed for coronary arteriography are generally constactgalyethylene or
polyurethane with a fine wire braid within the wall to allow advancement and dirdatmmteol (torque)

and to prevent kinking. The outer diameter size of the catheters ranges from 4 to 8F, but 5 drete§E cat
are used most commonly for diagnostic arteriography.
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JUDKINS CATHETERS.

The Judkins left catheter is preshaped to allow entry into the left coronary ostiunhé éembral
approach with minimal catheter manipulation (Figs. 20-2 and 20-3 [2] [3]). A prefoud&ohd left
catheter can also be used from the left brachial or radial artery, but a caittet®bam less curvature than
required for the femoral approach is generally better suited for coronary cannulagaiudkins right
catheter is shaped to permit entry into the right coronary artery (RCA) with basnmaint of rotational
(clockwise) catheter manipulation from any vascular approach.

Selection of Judkins catheter shape is based on the body habitus of the patient and sizetiofribat.aor
The left coronary artery (LCA) is easily engaged with the Judkins left 4.0 catloetettfe femoral
approach in most patients, whereas patients with a dilated ascending aorta (e.g. finghaf sengenital
aortic stenosis and poststenotic dilation) may require the use of a Judkins left 5.0 dreddy.daatients
with large ascending aortic aneurysms may require arteriography with heat-chodifieters to achieve
Judkins left 7.0 to 10.0 shapes. Use of a Judkins shape that is too small for the ascendingraleddfq
folding of the catheter within the aortic root. The best technique for removing a folded JettkiasHeter
from the body involves withdrawing the folded catheter into the descending aorta and advancing a
guidewire anterograde in the contralateral common dréery. On withdrawal of the catheter and guide
together, the catheter straightens and can be removed safely from the body without disruattegdhe
access site.

AMPLATZ CATHETERS.

Amplatz catheters can be used for the femoral or brachial approach to coros@ography ( Fig. 20-4 ).
The Amplatz catheters are an excellent alternative in cases in which thesJcatkieter is n@ppropriately
shaped to enter the coronary arteries. The Amplatz L-1 or L-2 catheter may be useahfanycor
angiography from the right brachial or radial approach. A modified Amplatz right cafA&et or AR-2)
can be used for engagement of a horizontal or upward takeoff RCA or SVG.

OTHER CATHETERS.

Other catheters used for coronary arteriography include the IMA left cathdteaméingulated tip that
allows engagement of the IMA or an upward takeoff RCA. Catheter shapes thatgreyagement of
SVGs include the multipurpose catheter ( Fig. 20-5 ), Judkins right, modified Amplatzaind hockey
stick catheters. Specially designed catheters for engagement of the coroney faoterthe radial artery
have also been developed.
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FIGURE 20-2 Right (R) and left (L) Judkins catheters. The @niyn(straight arrow) and secondary (curved arrawyes of the Judkins left catheter are
shown. (Courtesy of Cordis Corporation.)
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FIGURE 20-3 Tip configurations for several catheters usefudanonary arteriography. AL = Amplatz left; AR = Aufatz right; CAS = Castillo; CB =
coronary bypass catheter; IM = internal mammarys=Judkins left; JR = Judkins right; LCB = left ooary bypass graft; LUM = lumen; Mod = modified,

MP = multipurpose; NIH = National Institutes of Hiba PIG = pigtail; RCB = right coronary bypass fir&ON = Sones(Courtesy of Cordis
Corporation.)

FIGURE 20-4 Amplatz right (R) and left (L) catheter§Courtesy of Cordis Corporation.)
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FIGURE 20-5 MultipurposeA, B, and C type catheterg¢Courtesy of Cordis Corporation.)

Drugs Used During Coronary Arteriography
ANALGESICS.

The goal of analgesic use is to achieve a state of conscious sedation, defined by ayndepredked level of
consciousness that allows a patient to respond appropriately to verbal commands andéito anaatent

airway. Several different sedation regimens are recommended, but depending on the gatienbid

conditions, most use diazepam, 2.5 to 10 mg orally, and diphenhydramine, 25 to 50 mg orally, 1 hour befor
the procedure. Intravenous midazolam, 0.5 to 2 mg, and fentanyl, 25 to 50 mg, are useful agents to provide
sedation during the procedure. Patients undergoing conscious sedation should have continuous hemodyna
electrocardiographic, and oximetry monitoring as well as access to oxygsuodiwh ports and a resuscitat

cart.

ANTICOAGULANTS.

Intravenous unfractionated heparin is no longer required during routine coronary arteriographys Bati
increased risk for thromboembolic complications, including those with severe a@mtisis, critical peripheral
arterial disease, or arterial atheroembolic disease or those undergoing meaedhich there is a need for
prolonged (>1 to 2 minutes) use of guidewires in the central circulation may be given intravenous
unfractionate heparin, 2000 to 5000 units. Patients undergoing brachial or radia catheterization shou
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also receive systemic anticoagulation with unfractionated heparin or bivalirudgquet flushing of all
diagnostic and guiding catheters with heparinized saline prevents the formationathrormbi within the
catheter tip. A continuous flush through the arterial access sheath may also losgautinence of distal
thromboembolism.

The anticoagulant effect of unfractionated heparin can be reversed with protaminegrlenegy 100 units of
heparin. Protamine causes anaphylaxis or serious hypotensive episodes in approximateht dfgeatients,
and protamine should not be administered to patients with prior exposure to NPH insulin, tatthase w
history of unstable angina or high-risk coronary anatomy, or to patients who have undergone coronary
arteriography by means of the brachial or radial arteries. Femoral sheaths cao\edrafter the
anticoagulant effect of unfractionated heparin has dissipated, as assessedtibgptad atotting time less than
150 to 180 seconds.

TREATMENT OF PERIPROCEDURAL ISCHEMIA.

Patients may develop angina during coronary arteriography because of ischemia induced hyliachyca
hypertension, contrast agents, microembolization, coronary spasm or enhanced vasomotor tormaicor dyna
platelet aggregation. Sublingual (0.3 mg), intracoronary (50 to 200 mg), or intravenous (10 to 25 mg/min)
nitroglycerin can be given to patients with a systolic blood pressure greater than 100 mtigdts Rahout
contraindications to beta blockers, such as bradycardia, bronchospasm, or left vediygfulzation, can be
given intravenous metoprolol, 2.5 to 5.0 mg, or propranolol, 1 to 4 mg. Intraaortic balloon counterpulsation i
also a useful adjunct in patients with coronary ischemia and left main CAD, cardisgenk, or refractory
pulmonary edema.

Contrast Agents

All radiographic contrast agents contain iodine, which effectively absorbs x-raysanetgy range of the
angiographic imaging system. Radiographic contrast agents currently used for cor@nagraphy may also
produce a number of adverse hemodynamic, electrophysiological, and renal effeftsqiiéecy of these si
effects varies among the different radiocontrast agents because of diffaretiwr ionic content, osmolality,
and viscosity ( Table 20-4).

TABLE 20-4 -- Characteristics of Radiocontrast Agents

Osmolality
Brand (mOsm/kg |viscosity|lodine |Sodium Side Effects

Compound |Name H,0) at 37°C " |(mg/ml) |(mEqliter) |Additives Profile

High Osmolar lonic Agents

Sodium Hypaque |1690 9.0 37.0 160 Calcium Electophysiologidg

diatrizoate disodium EDTA| (++++)
Hemodynamic
(++++)
Anticoagulant
(++++)
Nephrotoxicity
(+++)
Allergic (+++)

Sodium Renografin| 1940 8.4 370 160 Sodium citrate,

meglumine disodium EDTA

diatrizoate

Nonionic or Low Osmolar Agents

loxaglate |Hexabrix |600 7.5 320 150 Calcium Electophysiologig

disodium EDTA| (+)

Hemodynamic
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(+)

Anticoagulant (+)

Nephrotoxicity
(+)
Allergic (+)

lohexol Omnipaqu¢844 10.4 350 5 Tromethamine
calcium
disodium EDTA|

lopamidol [Isovue 790 9.4 370 2 Tromethamine
calcium
disodium EDTA|

loversol Optiray 702 5.8 320 2 Tromethamine
calcium
disodium EDTA

lodixanol |Visipaque |290 11.8 320 19 Tromethamine
calcium
disodium EDTA
+ 0.15 mEqg/liter
calcium

Modified from Hill J, Lambert C, Pepine C: Radiographic contrast ag In Pepine C, Hill J, Lambert C
(eds): Diagnostic and Therapeutic Cardiac Catheterization. Baltimore, Williams &n4/ilk994, pp 182-194.

++++ = common; +++ = occasional; ++ = infrequent; + = rare; EDTA = ethylemsiktetraacetic acid (a
divalent cation chelating agent).

IONIC CONTRAST AGENTS

The monomeric ionic contrast agents initially used for coronary arteriographyhedneh-osmolar
meglumine and sodium salts of diatrizoic acid. These substances dissociatetiantarad iodine-
containing anions that have a higher serum osmolality (>1500 mosm) than human plasma (300 lmosm). T
hypertonicity of these compounds produced sinus bradycardia, heart block, QT interval and QRS
prolongation, ST segment depression, giant T wave inversion, decreased left ventidudetitty,
decreased systolic pressure, and increased left ventricular end-diastalicgresing, in part, to the
calcium-chelating properties of these agents. Ventricular tachycardigbatidtion occurred in 0.5 percent
of cases and developed more often when ionic contrast agents were injected into a danpedajveed)
coronary catheter, were given too rapidly, or were administered in too great a voluaigseBetcthe
availability of other, less toxic contrast agents, ionic contrast agents arenebywussed for coronary
arteriography. When ionic agents are selected, additional precautions are needetidoraptications.
Patients should be counseled about coughing, which helps clear contrast materiattirorthe/coronary
artery, before the first selective coronary arteriogram is performed and tmeaiamount of contrast
agent needed to fill the entire coronary artery should be given.

NONIONIC AND LOW-OSMOLAR CONTRAST AGENTS.

Nonionic agents do not ionize in solution and provide more iodine-containing particles péeenofil
contrast material than ionic agents. Their osmolality is substantially redug8®@ ikosm) because these
agents exist in solution as single neutral molecules and do not chelate calcium,|yotiesdiag to fewer
side effects.

Side Effects.
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Unwanted reactions may also occur after use of nonionic radiocontrast agents, mgdatedoi the
hyperosmolality of these agents. These reactions include hot flushing, nausea, vomiting, amadiarrhy
Hypotension after contrast medium administration may be due to an anaphylactoid reactemt texat
effect, or a vasovagal reaction. lonic radiocontrast agents may inhibit clot fommdten mixed with
blood. Although nonionic agents exhibit less of an anticoagulant effect, potentially leadiat twitthin
the manifold where low-osmolar and nonionic contrast agents and blood are in direct cithtacew
another, the clinical effects of this finding related to embolization of thrombwushi@tcoronary arteries are
not known. The low-osmolality ionic dimer methylglucamine-sodium ioxaglate retainsoifbst
anticoagulant properties of diatrizoate sodium but has more complications thanri@asosonionic
dimer contrast agent iodixanol. lodixanol may also be the preferred contrast agent in gatieits with
underlying renal insufficiencyL8]

CONTRAST-INDUCED NEPHROPATHY.

Worsening of renal function may occur after contrast agent administration in 13 to 20 pép=ergnts,
particularly in those with prior renal insufficiency, diabetes mellitus, dehydratfore the procedure, CHF,
larger volumes of contrast material, and recent (<48 hours) contrast expesuats(sChap. 88) . Fluid
administration (with sodium bicarbonate}] preprocedural use df-acetylcysteine, and use of the isosmolar
contrast agent iodixanol in diabetic patients with underlying renal insufficieeage@ommended to prevent
this complication20]

CONTRAST REACTION PROPHYLAXIS.

Reactions to radiocontrast agents are classified as mild (grade I: sirsgldeepf emesis, nausea, sneezing, or
vertigo), moderate (grade Il: hives, multiple episodes of emesis, fevers, oy, chilsvere (grade llI: clinical
shock, bronchospasm, laryngospasm or edema, loss of consciousness, hypotension, hypertension, cardiac
arrhythmias, angioedema, or pulmonary edema) ( Table 20-5 ). Although mild or modet&e@gezccur in
approximately 9.0 percent of patients, severe reactions are uncommon (0.2 to 1.6 perceni)Contrast
reactions may be more difficult to manage in patients receiving beta blocker thezapyrelRce rates may
approach 50 percent on reexposure to contrast agents, and prophylactic paedtihistamine blocking

agents and aspirin therapy has been advocated. In a meta-analysis of nine trigdshgdtieegalue of
premedication in patients with a history of contrast reactions, there was ad@étae in the occurrence of
grade Il reactions associated with the pretreatment with corticost¢hmas0.9 to 0.2 percent in
premedicated patients; odds ratio = 0.28; 95 percent confidence intervals: 0.13 to 0.60). Although these
reductions appear clinically relevant, 100 to 150 patients would require pretreatmenetd preingle
contrast-related event, which has led to the recommendations by one group that premeslicatiroutinely
needed21] Nevertheless, patients with a suspected severe prior contrast reaction steukltveo doses of
prednisone, 60 mg (or its equivalent) the night before and again at 2 hours before the procedure.
Diphenhydramine, 50 mg, and cimetidine, 300 mg, may also be given before the procedure.

TABLE 20-5 -- Toxicities Associated with Radiocontrast Agents

Allergic (anaphylactoid) reactions
Grade I: Single episode of emesis, nausea, sneezing, or vertigo

Grade IlI: Hives, multiple episodes of emesis, fevers, or chills

Grade llI: Clinical shock, bronchospasm, laryngospasm or edema, loss of consciousngss,
hypotension, hypertension, cardiac arrhythmia, angioedema, or pulmonary edema

Cardiovascular toxicity
Electrophysiologic
Bradycardia (asystole, heart block)
Tachycardia (sinus, ventricular)
Ventricular fibrillation
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Hemodynamic
Hypotension (cardiac depression, vasodilation)

Heart failure (cardiac depression, increased intravascular
volume)

Nephrotoxicity

Discomfort
Nausea, vomiting

Heat and flushing

Hyperthyroidism

Anatomy and Variations of the Coronary Arteries

The basic principle of radiographic coronary imaging is that radiation produced by the x-raydtibauated
as it passes through the body and detected by the image intensifier ( Fig. 20-6 ). lodinadstiroedium
injected into the coronary arteries enhances the absorption of x-rays and produces a shatpvibrthe
surrounding cardiac tissues. The x-ray shadow is then converted into a visible light imagmbge
intensifier, displayed on fluoroscopic monitors, and stored on 35-mm cinefilm or a digritagessystem.
Although 35-mm cinefilm has better image resolution (4 line pairs/mm) than digdging (2.5 line
pairs/mm) archived in a standard DICOM3 512 x 512 x 8 bit pixel matrix format, digdagingnhas largely
replaced 35-mm cinefilm for coronary angiography because of its versatility wikkctds image transfer,
low-cost acquisition and storage, and capability for image enhancement after impaigéias. More recently,
direct digital imaging systems, term#lt-panel catheterization laboratoriekave eliminated the analog to
digital converters of the conventional image intensifiers without compromise of dige imtegrity(23] This
has resulted in reduced radiation exposure and enhanced image gualitg]

FIGURE 20-6 Cineangiographic equipment. The major componemisidle a generator, x-ray tube, image intensifiisrched to a positioner such as a C-
arm, optical system, video camera, videocassatteder (VCR), analog to digital converter (ADC)daelevision monitors. The x-ray tube is the sowte
the x-ray beam, which passes superiorly througtp#tient.

The major epicardial branches and their se- and thir-order branches c be visualized using corona

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht 16/10/200:



MD Consult: Books: Libby: Braunwald's Heart Disease: A Textbook of Cardiovadda... Paginal7 de83

arteriography. The network of smaller intramyocardial branches generally arendtesause of their size,
cardiac motion, and limitations in resolution of cineangiographic systems. Thesedalettand higher
“resistance” vessels play a major role in autoregulation of coronary blood flolisge 48) , may limit
myocardial perfusion during stress, and contribute to ischemia in patients witbngfcular hypertrophy or
systemic hypertension. Coronary perfusion in these smaller branch vessels can tetigegraissessed using
the myocardial blush score which has important prognostic significance in patien&Tvgiégment elevation
MI and those undergoing percutaneous coronary intervefaion.

ARTERIAL NOMENCLATURE AND EXTENT OF DISEASE.

The Coronary Artery Surgery Study (CASS) investigators established the nomenolastimmonly
used to describe the coronary anatomy, defining 27 segments in three major coronary ddbtee20-6 )|
The Bypass Angioplasty Revascularization Investigators (BARI) modified thismegacby addition of two
segments for the ramus intermedius and the third diagonal branch. In this system, thajthreeronary
arteries include the left anterior descending (LAD) artery, left circaen(l€x) artery, and RCA with a
right-dominant, balanced, or left-dominant circulation (see later). CAD is defin@drere than 50 percent
diameter stenosis in one or more of these vessels, although it is clear that sitlessahian 50 percent
have major prognostic implications because these lesions most commonly lead to plageengpacute
MI. Subcritical stenoses of less than 50 percent are best characterized as nonab&AD; obstructive
CAD is classified as one-, two-, or three-vessel disease.

A number of “jeopardy scores” were developed to quantitate plaque burden, predict patiémiibizse
outcomes, and identify risk factors for the presence of atherosclerosis and itsgpoogee] The Califf
scoring system divided the coronary circulation into six segments with two pointsdaltotesach coronar
stenosis of 75 percent or more (score range: 0 to 12). The Gensini scoring system used aankidgal
based on stenosis severity in 11 coronary segments (score range: 0 to 72). The CandeliRigrayster
used an ordinal ranking (from 1 to 5) of 13 coronary segments (score range: 0 to 65). Differeviees bet
these scoring systems were primarily related to definitions rather thanrtaltitiey to provide unique
prognostic information, as one comparative study found that 80 percent of the prognostic iafoimarie
jeopardy index was obtained with other indices using subtly different methodologies. In GA&jdr
determinants of 6-year outcome included the number of diseased vessels, the numbeseof jpiiszenal
segments, and the global left ventricular function; these three factors accour@@gévcent of the
prognostic information.

=R I

ANGIOGRAPHIC PROJECTIONS.

The major coronary arteries traverse the interventricular and atriowgatrigooves, aligned with the long
and short axes of the heart, respectively. Because the heart is oriented obliquelyarethie tavity, the
coronary circulation is generally visualized in the right anterior oblique (RAO)edinanterior oblique
(LAO) projections to furnish true posteroanterior and lateral views of the heattgsat\iews are limited
by vessel foreshortening and superimposition of branches. Simultaneous rotation of the x-raytbean
sagittal plane provides a better view of the major coronary arteries and thehldzafsimple
nomenclature has evolved for the description of these sagittal views, which clieeadter relationship
between the image intensifier and the patient. Assuming that the x-ray tube is urpigiethiés table and
the image intensifier is over the patient's table, the projection is referreth “@sanial’view if the image
intensifier is tilted toward the head of the patient (Figs. 20-7 and 20-8 [7] [8]). Thetmnojes referred to
as the “caudal” view if the image intensifier is tilted down toward the feiteopatient.

TABLE 20-6 -- Classification System for Coronary Segments

Number Map Location Number Map Location Number Map Location
Right Left Main Left
Coronary
Artery Coronary Circumflex
Artery Artery
1 Proximal RCA 11 Left main coronary 18 Proximal LCx
artery artery
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2 Mid RCA Left Anterior 19 Distal LCx artery
Descending
Artery
3 Distal RCA 12 Proximal LADA 20 1st obtuse marging
Right posterior 13 Mid LADA 21 2nd obtuse
descending branch marginal
5 Right posterior 14 Distal LADA 22 Third obtuse
atrioventricular marginal
6 First right 15 1st diagonal 23 LCx
posterolateral atrioventricular
groove
7 Second right 16 2nd diagonal 24 1st left
posterolateral posterolateral
branch
8 Third right 17 LADA septal 25 2nd left
posterolateral perforators posterolateral
branch
9 Posterior descending 29 3rd diagonal 26 3rd left
septals posterolateral
branch
10 Acute marginal 27 Left posterior
segment descending branch
28 Ramus
intermedium
branch

From CASS Principal Investigators and their Associates: Coronary / Surgery Study (CASS): A
randomized trial of coronary artery surgery: Survival data. Circulation 68:939, 1983.

LADA = left anterior descending artery; LCx = left circumflex artery; RCAght coronary artery.
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FIGURE 20-7 Angiographic views of the left coronary artery €Tapproximate positions of the x-ray tube and imagensifier are shown for each of the
commonly used angiographic views. The 60-degreeatfetrior oblique (LAO) view with 20 degrees oawial angulation (LAO cranial) shows the ostium
and distal portion of the left main coronary artdrfCA), the middle and distal portions of the lafiterior descending (LAD) artery, septal perfarsito
(S), diagonal branches (D), and the proximal leftuonflex (LCx) and superior obtuse marginal bra@vB). The 60-degree left anterior oblique view
with 25 degrees of caudal angulation (LAO caudadives the proximal LMCA and the proximal segmentthef LAD and LCx arteries. The
anteroposterior (AP) projection with 20 degreesafdal angulation (AP caudal) shows the distal LMW proximal segments of the LAD and LCx
arteries. The anteroposterior (AP) projection vithdegrees of cranial angulation (AP cranial) alsows the mid-portion of the LAD artery and itsts¢p
(S) branches. The 30-degree right anterior obl{@&O) projection with 20 degrees of cranial angolaf RAO cranial) shows the course of the LAD
artery and its septal (S) and diagonal branches.3Dhdegree right anterior oblique projection v@ghdegrees of caudal angulation (RAO caudal) shows
the LCx and obtuse marginal branches (OMB).
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FIGURE 20-8 Angiographic views of the right coronary arteryQR). The approximate positions of the x-ray tubd anage intensifier are shown for
each of the commonly used angiographic views. Thddgree left anterior oblique view (LAO straigbtjows the proximal and mid-portions of the RCA
as well as the acute marginal branches (AMB) anditetion of the RCA in the posterior left ventrdaubranches (PLV). The 60-degree left anterior
oblique view with 25 degrees of cranial angulaibAO cranial) shows the mid-portion of the RCA ahe origin and course of the posterior descending
artery (PDA). The 30-degree right anterior obligimv (RAO) shows the mid-portion of the RCA, thenas branch, and the course of the PDA.

It is difficult to predict which angulated views will be most useful for any paler patient because the
“optimal” angiographic projection depends largely on body habitus, variation in the coronary anatmy, a
location of the lesion. It is recommended that the coronary arteries be visualized imedoff©t and RAO
projections using both cranial and caudal angulation.

Left Coronary Artery

CANNULATION.

The Judkins left 4.0 coronary catheter is used most often to engage the LCA ( Fig. 20-9 ). If treel@tidki
catheter begins to turn out of profile (so that one or both curves of the catheter are no loageedisn
face), it can be rotated clockwise very slightly and advanced slowly to enter theusfoEValsalva,
permitting the catheter tip to engage the ostium of the LCA. When the ascending doati@d or the aortic
arch is unfolded, advancement of the Judkins left 4.0 coronary catheter may result in #terhoofran acute
secondary angle of the catheter, pointing the tip of the catheter upward, away fromdbeteiry ostium.
Further advancement of the Judkins left catheter in this position should be avoided becaitbettrettten
prolapses on itself and becomes folded in the ascending aortic arch. In the emitisa guidewire can |
temporarily reinserted into the cathete straighten the secondary bend and permit the catheter to be ad
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to the left sinus of Valsalva. If the ascending aorta is significantly dilated, thenduelki4.0 catheter should
be exchanged for a larger size (e.g., Judkins left 5.0 or 6.0). If the tip of the Judkins left ealtreatees
beyond the ostium of the LCA without engagement, the primary bend of the catheter can be reshiapbe
patient's body by further careful advancement and prompt withdrawal of the cathetangathe tip to “pop
into” the ostium of the LCA. This maneuver, along with gentle clockwise or countercleckvtagion,
frequently permits selective engagement of the LCA when the initial attesfditeal. If the catheter tip is
located below the origin of the LCA, as in the case of a smaller aortic root, a Shokers left 3.5 catheter

can be used to allow coaxial engagement of the LCA.

FIGURE 20-9 Push-pull technique for catheterizing the leftor@ry artery with the Judkins left catheter. Inléfeanterior oblique view, the coronary
catheter is positioned in the ascending aorta agridewire and the guidewire is removed. The ¢athie advanced so that the tip enters the leftssof
Valsalva. If the catheter does not selectively geghe ostium of the left coronary artery, furtBlenv advancement into the left sinus of Valsalvaants a
temporary acute angle at the catheter. Prompt vathal of the catheter allows easy entry into tliederonary artery.

Use of the Amplatz left catheters to cannulate the LCA requires moreezatretipulation than with the
standard Judkins left catheter. In this circumstance, the broad secondary curve opldiz keft 1 or 2
catheter is positioned so that it rests on the right aortic cusp with its tipngdiotvard the left aortic cusp.
Alternating advancement and retraction of the catheter with slight clockwisemadows the catheter tip to
advance slowly and superiorly along the left sinus of Valsalva to enter the left corainary ¥ghen the tip
enters the ostium, the position of the catheter can usually be stabilized withedligtition of the catheter.
After the left coronary ostium has been cannulated, the pressure at the tip of ttex shthdd be checked
immediately to ensure that there is no damping or ventricularization of the pressore.dbiat damped or
ventricularized pressure tracing is obtained, the catheter should be removed iglgn&dim the LCA, and an
attempt & repositioning should be made. If abnormal pressure recording persi catheter should k
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withdrawn from the coronary artery and a nonselective injection of contrast medathe LCA should be
performed in the anteroposterior (AP) view to evaluate the LMCA. If the pressaguned at the catheter tip
is normal and a test injection of contrast agent suggests the absence of LMCA tifieam®nary
arteriography is then performed using standard techniques. To remove the Amplathéédr deom the
coronary artery, the catheter should be advanced forward in the body to disengage theipathpeaiorly
from the coronary ostium. Simply withdrawing the Amplatz left catheter resuitsdp seating of the catheter
tip within the coronary artery, potentially resulting in catheter-induced artkssgction.

LEFT MAIN CORONARY ARTERY.

The LMCA arises from the superior portion of the left aortic sinus Jjeksiw the sinotubular ridge of the ao
which defines the border separating the left sinus of Valsalva from the smooth {tpbui@n of the aorta.

The LMCA ranges from 3 to 6 mm in diameter and may be up to 10 to 15 mm in length. The LMCA courses
behind the right ventricular outflow tract and usually bifurcates into the LAD anmter.@x branches. Rarely,

the LMCA is absent, and there are separate ostia of the LAD and LCx artbedsMCA is best visualized in

the AP projection with slight (0 to 20 degrees) caudal angulation, but it should be viewed ah z@yections

with the vessel off the spine to exclude LMCA stenosis (Figs. 20-10 and 20-11 [10] [11]).

FIGURE 20-10 Intermediate left main coronary artery (LMCA) steis evaluated with intravascular ultrasound (IVIU§)Left coronary arteriography in
the standard right anterior oblique projection vagtudal angulation (arrow indicates distal leftmeaoronary artery)B, The left anterior oblique projection
with caudal angulation shows a tapered stenogiseof MCA (arrow).C, IVUS of the proximal LMCA shows a minimal crossz8enal area 16 mm

(white circle).D, IVUS of the distal LMCA shows an LMCA stenosis lwa lumenal cross-sectional area = 6.5 m¢white outline), which is consistent
with a hemodynamically significant LMCA stenosis.
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FIGURE 20-11 Severe stenosis of the distal left main coronatgra A, Right anterior oblique projection with caudal alegion demonstrates a severe
ulcerated stenosis in the distal portion of theredin coronary artery (arrow, An anteroposterior view with cranial angulatiomdstrates this stenosis
in a second view. Limited coronary arteriographgugtl be performed when severe left main coronasrastenosis (arrow) has been demonstrated.

LEFT ANTERIOR DESCENDING ARTERY.

The LAD courses along the epicardial surface of the anterior interveatrgnalove toward the cardiac apex.
In the RAO projection, it extends along the anterior aspect of the heart; in the LACtipmj& passes down
the cardiac midline, between the right and left ventricles (see Fig. 20-7 ).

The major branches of the LAD are the septal and diagonal branches. The septal bresecliemahe
LAD at approximately 90-degree angles and pass into the interventricular septumg wasize, number,
and distribution. In some cases there is a large first septal branch thatallyestiented and divides inta
a number of secondary “pitch forking” branches that ramify throughout the septum. In otseacasee
horizontally oriented, large first septal branch is present that passesl| parhiéeLAD itself within the
myocar-dium. In still other cases, a number of septal arteries are roughly compass#e These septal
branches interconnect with similar septal branches passing upward from the pdsta@mding branch o
the RCA to produce a network of potential collateral channels. The interventriqutiamse the most
densely vascularized area of the heatrt.

—

The diagonal branches of the LAD pass over the anterolateral aspect of the Heaugltirtually all
patients have a single LAD in the anterior interventricular groove, there is widbiliy in the number
and size of diagonal branches. Most patients (90 percent) have one to three diagonal branchgsrexhd ac
atherosclerotic occlusion of the diagonal branches should be suspected if no diagonal braselees ar
particularly if there are unexplained contraction abnormalities of the anteablaté ventricle.
Visualization of the origin of the diagonal branches often requires very steep (50 to 60)degytzasd
angulated cranial (20 to 40 degrees) skews.

In some patients, the LMCA trifurcates into the LAD, LCx, and ramus intermedius. \Wésanprthe
ramus intermedius arises between the LAD and LCx arteries. This vessdbgoasdo either a diagonal
branch or an obtuse marginal branch, depending on its anterior or posterioratongsine lateral aspect
the left ventricle. In most patients (80 percent), the LAD courses around the leftwantpex and
terminates along the diaphragmatic aspect of the left ventricle. In the renzétiegts, the LAD fails to
reach the diaphragmatic surface, terminating instead either at or beforedibe apex. In this
circumstance, the posterior descending branch (PDA) of the RCA or LCx is larger agdtf@rgusual
and supplies the apical portion of the ventricle.

The best angiographic projections for viewing the course of the LAD are the craniallyteddgA®, AP,
and RAO views. The LAO cranial view displays the mid-portion of the LAD and sepdinateliagonal and
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septal branches. The RAO cranial view displays the proximal, middle, and distal seftheritAD and
allows separation of the diagonal branches superiorly and the septal branchasyinfére AP view
requiring cranial (20 to 40 degrees) skew often projects the mid-portion of the LADatsgpéhe vessel
from its diagonal and septal branches. The LAO caudal view also displays the origin ofthie &A
horizontally oriented heart, and the AP caudal or shallow RAO caudal view visualizgsximeal LAD as
it arises from the LMCA. The RAO caudal projection is also useful for visnglthe distal LAD and its
apical termination.

In some patients with no LMCA but separate ostia for the LAD and LCx, the LAD gemeaall more
anterior origin than the LCx. The LAD can be engaged with the Judkins left catheter gttthgs\with
paradoxical counterclockwise rotation, which rotates the secondary bend of the ¢atagiesterior
position in the aorta and turns the primary bend and tip of the catheter to an anterior position. Titee pppos
maneuver may be used to engage the LCx selectively in the setting of separate LAD anbl 8x 0s
Judkins catheter, such as a Judkins left 5.0 with a larger curve, selectively engagestwerdaaursing
LCx, and a catheter with shorter curve, such as a Judkins left 3.5, tends to engage gelectivele
anterior and superior LAD.

LEFT CIRCUMFLEX ARTERY.

The LCx artery originates from the LMCA and courses within the posterior (laéiyentricular groove
toward the inferior interventricular groove (see Fig. 20-7 ). The LCx artery is the damessel in 15 percent
of patients, supplying the left PDA from the distal continuation of the LCx. In themgmgaiessels, the distal
LCx varies in size and length, depending on the number of posterolateral branches supplied lay R@Alist
The LCx usually gives off one to three large obtuse marginal branches as it passes dtwavéinérigular
groove. These are the principal branches of the LCx because they supply the laterdl dfethevieft
ventricle. Beyond the origins of the obtuse marginal branches, the distal LCx tends to b&lsredtual
position of the LCx can be determined on the late phase of a left coronary injection wberottey sinus
becomes opacified with diluted contrast material.

The RAO caudal and LAO caudal projections are best for visualizing the proximal dalie infCx and obtuse
marginal branches. The AP (or 5- to 15-degree RAQO) caudal projections also show tiseabrilge obtuse
marginal branches. More severe rightward angulation often superimposes the origirsbtiigkeenarginal
branches on the LCx. If the LCA is dominant, the optimal projection for the left PDA is\Mbecranial view.
The LCx artery also gives rise to one or two left atrial circumflex branches. breesehes supply the lateral
and posterior aspects of the left atrium.

Right Coronary Artery

Cannulation of the origin of the RCA is also performed in the LAO position but requiresedifimaneuvers
than those for cannulation of the LCA. Wher#as Judkins left catheter naturally seeks the ostium of the
the Judkins right or modified Amplatz catheters must be rotated to engage the vesselugiady
accomplished by first passing the catheter to a point just supetive aortic valve in the left sinus of Valss
with the tip of the catheter facing rightward and then rotating the catheter cloeiwisevithdrawing the
catheter slightly, which forces the tip to move anteriorly from the left sinus salWalto the right sinus of
Valsalva along the sinotubular ridge ( Fig. 20-12 ). Sudden rightward and downward movemenatbfetes c
tip signifies the entry into the right coronary ostium. If the ostium of the RCA is nit leasited, the most
common reason is that the ostium has a rsaperior and anterior origin than anticipated. Repeated atter
engage the RCA should be made at a level slightly more distal to the aortic valve. Nmesededtrast agent
injections in the right sinus of Valsalva may reveal the site of the origin of the RSAIORIng an Amplatz
left catheter in the ostium of the RCA requires a technique similar to that ubetthevudkingight catheter.
a gentle attempt to withdraw the Amplatz catheter results in paradoxicalrteemt the coronary artery,
removal of the catheter can be achieved by clockwise or counterclockwise rotation arckachre to
prolapse the catheter into the aortic sinus.
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FIGURE 20-12 Cannulation of the right coronary artery using Jodkins right catheteA, The catheter is advanced to a point just supésitite aortic
valve in the left sinus of Valsalva with the tiptbe catheter facing rightward, and then the cattistrotated clockwise while withdrawing the cagne
slightly. B, Sudden rightward and downward movement of theetethip signifies the entry into the right coronastium.

An abnormal pressure tracing showing damping or ventricularization may suggesstreeref an ostial
stenosis or spasm, selective engagement of the conus branch, or deep intubation of the RGAoHrah a
pressure tracing has been encountered, the catheter tip should be gently rotated counserelodkw
withdrawn slightly in an effort to free the tip of the catheter. If persistent damptougsp@ very small amount
of contrast medium (<1 ml) can be injected carefully and the catheter immedidhelrawn in a “shoot-and-
run” maneuver, which may allow the cause of damping to be identified. The frequency ofNantric
fibrillation and iatrogenic coronary dissection are higher when the RCA is injectied presence of a damped
pressure tracing. If the pressure tracing is normal on entry into the RCA, the hiesdgl® imaged in at least
two projections. The initial injection shoule gentle because of the possibility that forceful injection thro
catheter whose tip is immediately adjacent to the vessel wall may also iasection. Coronary spasm of
RCA ostium may also occur as a result of catheter intubation. When an ostial stétfusiRCA is seen,
intracoronary nitroglycerin or calcium channel antagonists may be useful in exabadiveger-induced spasm
as a cause of the coronary artery narrowing.

The RCA originates from the right anterior aortic sinus somewhat inferior to tfie ofithe LCA (see Fig.
20-8). It passes along the right atrioventricular groove toward the crux (a point on the digicragm
surface of the heart where the anterior atrioventricular groove, the postedaeeiatricular groove, and the
inferior interventricular groove coalesce. The first branch of the RCA is ghniir@lconus artery, which
arises at the right coronary ostium or within the first few millimeters of & R about 50 percent of
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patients. In the remaining patients, the conus artery arises from a separateroiteinght aortic sinus
just above the right coronary ostium. The second branch of the RCA is usually the sinodéiattery. It
has been found that this vessel arises from the RCA in just under 60 percent of patierte frGmartery

portion of the RCA usually gives rise to one or several medium-sized acute margimaies. These
branches supply the anterior wall of the right ventricle and may provide collatetdatton in patients
with LAD occlusion. The RCA terminates in a PDA and one or more right posterolatanahes.

Because the RCA traverses both the atrioventricular and the interventriadaegrmultiple angiograph
projections are needed to visualize each segment of the RCA. The ostium of the R&Awhmated in
the LAO views, with or without cranial or caudal angulation. The left lateral viegasuseful for
visualizing the ostium of the RCA in difficult cases. The ostium is identified byethexrof contrast
material from the RCA that also delineates the aortic root with swirlingragfast in the region of the
ostium. The proximal RCA is generally evaluated in the LAO cranial or LAO caudakponjs but is
markedly foreshortened in the RAO projections. The mid-portion of the RCA is bashdbe LAO
cranial, RAO, and left lateral projections. The origin of the PDA and the posteablat@nches are best
evaluated in the LAO cranial or AP cranial views, whereas the mid-portion of the&Dbe shown in thg
AP cranial or RAO projection.

RIGHT CORONARY ARTERY DOMINANCE.

The RCA is dominant in 85 percent of patients, supplying the PDA and at least one posttbykateh
(right dominant) (Figs. 20-13 to 20-15 [13] [14] [15]). The PDA courses in the inferior inteordatri
groove and gives rise to a number of small inferior septal branches, which pass upward to sugpwir t
portion of the interventricular septum and interdigitate with superior septaii®a passing down from tt
LAD artery. After giving rise to the PDA, the dominant RCA continues beyond the crux cordignthien
of the atrioventricular and interventricular grooves) as the right posterior aricwéar branch along the
distal portion of the posterior (left) atrioventricular groove, terminating in oneveral posterolateral
branches that supply the diaphragmatic surface of the left ventricle. The RCA is nonmdomirtapercent
of patients. One half of these patients have a left PDA and left posterolaterethds that are provided b
the distal LCx artery (left dominant circulation). In these cases, the RCAyiswell, terminates before
reaching the crux, and does not supply any blood to the left ventricular myocardium. The remaigiirtg
have an RCA that gives rise to the PDA with the LCx artery providing all the posteablasnches
(balanced or codominant circulation). In about 25 percent of patients with RCA dominarees¢he
significant anatomical variations in the origin of the PDA. These variations inclutig gapply of the
PDA territory by acute marginal branches, double PDA, and early origin of the PDA praaithalcrux.
At or near the crux, the dominant artery gives rise to a small atrioventricular nege attich passes
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in just under 40 percent, and from both arteries with a dual blood supply in the remaining cased: The mi
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upward to supply the atrioventricular node.
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FIGURE 20-13 Strongly dominant right coronary artery (RCA)andB, Left anterior oblique and right anterior obliquews of the RCA show that the
distal segment (arrows) extends to the left atmérieular groove. After giving rise to the posterdescending artery, the RCA gives rise to multiple
posterior left ventricular brancheS, A variation in the origin of the posterior descewgartery, which originates early from the RCAnswarallel to it,
and enters the posterior interventricular gro@eRight anterior oblique right coronary arteriograhowing the posterior descending artery (P) arising
from a right ventricular branch of the RCB, Left anterior oblique right coronary arteriograhowing duplicated posterior descending arterie®yes).
(From Levin DC, Baltaxe HA: Angiographic demonstyatof important anatomic variations of the posterilescending artery. AJR 116:41, 1972.)
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FIGURE 20-14 Weakly dominant right coronary artery (RC/A).andB, Left anterior oblique and right anterior obliquews of the RCA. Both the conus
and sinoatrial node artery arise from the RCA. @lis¢al portion of the RCA beyond the origin of {hesterior descending artery is short and givestose
single small posterior left ventricular branch ¢avrindicates left atrium)C to E, Left coronary artery in the right anterior obligleft anterior oblique, and
left lateral projections. Note that the circumflantery gives rise to four obtuse marginal branctfesmost distal of which (arrow) supplies soméhef
diaphragmatic surface of the left ventricle. Thie dmterior descending artery gives rise to twolsarad one medium-sized diagonal branches. C =gonu
branch; L = left anterior descending artery; P stpdor descending artery; S = sinoatrial nodargrt

FIGURE 20-15 Dominant left coronary systerA, The left anterior oblique projection shows that tight coronary artery is small and terminateteef
reaching the crux8 to D, The right anterior oblique, left anterior obliquend left lateral projections show that the lefcamflex artery is large and gives
rise to the posterior descending artery at the ofuke heart and to several posterior descendiegi@s. Arrows indicate posterolateral branches.l&ft
anterior descending coronary artery; P = postelésicending artery.

CORONARY BYPASS GRAFTS.

Selective cannulation of bypass grafts may be more challenging than cannulation of theonatianeyarteries
because the locations of graft ostia are more variable, even when surgical clijes madstrs are used.
Knowledge of the number, course, agde of bypass grafts obtained from the operative report is invalua
the identification of the location of the bypass grafts during arteriography.

SAPHENOUS VEIN GRAFTS.

SVGs from the aorta to the distal RCA or PDA originate from the right antawdlaspect of the aorta

approximately 5cm superior to the sinotubular ridge. SVGs to the LAD artery (or diagondidsjaoginate
from the anterior portion of the aorta about 7cm superior to the sinotubular ridge. SVGehtugemarginal
branches arise from the left anterolateral aspect of the ¢ to 10cm superior to the sinotubular ridge. In n
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patients, all SVGs can be engaged with a single catheter, such as a Judkins right 4.0 oec Amogiitz
right 1 or 2. Other catheters useful for engaging SVGs include the right and left bypasathedaérs. Amplai
left 1 to 2 catheters are useful for superiorly oriented SVGs (see Fig. 20-4 )tipumadse catheter may also
be useful for the cannulation of the downward takeoff SVG to the RCA or PDA.

Viewed in the LAO projection, the Judkins right 4 or Amplatz right 2 catheters avitggorly from the
leftward position as the catheter is rotated in a clockwise direction. Thiemddatween the movement of
catheter shaft at the femoral artery and the response of catheter tip on fluorosoepyaitely indicates
whether the catheter tip is anteriorly positioned in the aorta and likely to entéGaos8um or posteriorly
positioned and unlikely to engage an SVG. Steady advancement and withdrawal of the cathetemigb pr
and distal in the ascending aorta, 5 to 10cm above the sinotubular ridge, with varying degraésmf rot
usually result in entry into the SVG. Entry into the SVG is associated with abrupt duhw#on of the tip of
the catheter. When this occurs, a small test injection of contrast mateifiakwbat thecatheter is in the SV(
A well-circumscribed “stump” is almost always present if the SVG is ocdlugach SVG or stump must be
viewed in nearly orthogonal views. The relation between the origin of the SVGs and sungscabifirms
whether all targeted SVGs have been visualized. If neither a patent SVG nor a stbmegazated, it may be
necessary to perform an ascending aortogram (preferably in biplane) in an attesylinevall SVGs and
their course to the coronary arteries. The goal of SVG angiography is to assess the akeuBVv@, its entir
course, and the distal insertion (“touchdown”) site at the anastomosis between ge3y@aand the native
coronary vessel. The ostium of a SVG must be evaluated by achieving a coaxial engagdrmaearatbéter tip
and the origin of the SVG. The mid-portion (body) of the SVG must be evalwiétedomplete contrast fillin
of the SVG because inadequate opacification produces an angiographic artifact\sugfiésable filling
defects. It is critical to assess the SVG insertion or anastomotin ite profile without any overlap of the
distal SVG or the native vessel. Angiographic assessment of the native vessels begambhSidmotic sites
requires views that are conventionally used for the native segments themselves.iS8epma#satare those that
supply two different epicardial branches in a side-to-side fashion (for the nocampl epicardial artery) and
terminating in an end-to-side anastomosis (for the more distal epicardig) aft “Y” graft is one in which
there is a proximal anastomosis in an end-to-side fashion to another saphenous \eialograft with two
distal end-to-side anatomoses to the two epicardial grafts from thesestftgo gr

INTERNAL MAMMARY ARTERY.

The left IMA arises inferiorly from the left subclavian artery approxinyat@®cm from its origin.
Catheterization of the left IMA is performed with a specially designea IM# catheter (see Fig. 20-3 ,
bottom row). The catheter is advanced into the aortic arch distal to the origin of gwbtdévian artery in the
LAO projection and then rotated counterclockwise and is gently withdrawn with the tippgamt cranial
direction, allowing entry into the left subclavian artery ( Fig. 20-16 ). A 0.035 J or angled Terumeigige
advanced to the left subclavian artery under fluoroscopy, and the catheter is advancedubatias
artery. The RAO or AP projections then can be used to cannulate the IMA selectivethdinawing and
slightly rotating the catheter anteriorly (counterclockwise) with the tip down.ighelMA can also be
cannulated with the IMA catheter. The innominate artery is entered in thepk@j€xtion, and the guidewire
advanced cautiously to avoid entry into the right common carotid artery. When the guidewiredagubgi
the distal right subclavian artery, the IMA catheter is advanced to a point distaktgpteted origin of the
right IMA. The catheter is withdrawn in the LAO view and rotated to cannulate thdvight
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FIGURE 20-16 Catheterization of the left internal mammary ar@hMA). The IMA is positioned in the aortic arcim@ visualized in the left anterior
oblique position. The catheter tip is rotated st thengages the origin of the left subclaviaegrimmediately subjacent to the head of the clayis).
This is followed by gentle advancement of the gwide into the left subclavian artery to a pointtdigo the origin of the left IMA. After the guidemw is
removed, the left subclavian artery is visualizethie right anterior oblique projection, the cagné$ withdrawn, and the catheter tip engages stiero of
the left IMA selectively(B). LCA = left coronary artery; RCA = right coronaaytery. (From Judkins MW: Coronary arteriography. In DouglasS Jr,
King SB Il [eds]: Coronary Arteriography and Intezntion. New York, McGraw-Hill, 1985, p 231.)

The IMA itself is rarely affected by atherosclerosis. Angiographic studidgedMAs should assess not only
the patency of the graft itself but also the distal anastomosis, where most If¥léognaromise occurs.
Although the LAO cranial view may be limited in its ability to demonstrate the@nasts of thdMA and the
LAD because of vessel overlap, the left lateral or AP cranial projection yguallides adequate visualization
of the left LIMA-LAD anastomotic site. The risk of catheter-induced dissedf the origin of theMA can be
reduced by careful manipulation of the catheter tip and avoidance of forceful advancéimautttive
protection of the guidewire. If the IMA cannot be selectively engaged because of tortutisgysobclavian
artery, nonselective arteriography can be enhanced by placing a blood pressure cuff onttralipsitaand
inflating it to a pressure above systolic arterial pressure. Alternativelipditeteral brachial or radial artery
may be used to facilitate coaxial IMA engagement. IMA spasm can be treated wotB@Drngof intraarteria
nitroglycerin or 50 to 100 mg of intraarterial verapamil. The patient may feel chestwar discomfort with
contrast injection due to injection into small IMA branches supplying the chest wall.

GASTROEPIPLOIC ARTERY.

The right gastroepiploic artery (GEA) is the largest terminal artery gastroduodenal artery and was bri¢
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used as an alternative in situ arterial conduit to the PDA in patients undergoing CA8Gasiroduodenal
artery arises from the common hepatic artery in 75 percent of cases, but it maisalfom the right or left
hepatic artery or the celiac trunk. Catheterization of the right GEA is @¢auieby first entering the common
hepatic artery with a cobra catheter ( Fig. 20-17 ). A torquable, hydrophilic-coated geaideadvanced to the
gastroduodenal artery and then to the right GEA. The cobra catheter is then exchangedtipugpose or
Judkins right coronary catheter, which then permits selective arteriography ghh&EA.

FIGURE 20-17 Catheterization of the right gastroepiploic art@®EA) graft. The celiac trunk (CT) is selectivelggaged with a cobra catheter, and a
guidewire is gently advanced to the gastroduodariaty (GDA) and the GEA. The catheter is advarmest the guidewire for selective arteriography of

the GEA graft. CHA = common hepatic artery; RCAght coronary artery; SA = splenic artery.

STANDARDIZED PROJECTION ACQUISITION.

Although general recommendations can be made for sequences of angiographic imageadhatsiie
applicable to most patients, tailored views maybeded to accommodate individual variations in anatorr
a general rule, each coronary artery should be visualized with a number of differectigprejat minimize
vessel foreshortening and overlap ( Fig. 20-18 ). An AP view with shallow caudal angulatiemis oft
performed first to evaluate the possibility of LMCA disease. Other importansvielude1] the LAO cranial
view used to evaluate the middle and distal LAD, which should have sufficient lgfsaitioning of the
image intensifier to allow separation of the LAD, diagonal, and septal brarichee LAO caudal view to
evaluate the LMCA, origin of the LAD, and proximal segment of the RGxthe RAO caudal view to assess
the LCx and marginal branches; anda shallow RAO or AP cranial view to evaluate the mid-portion and
distal portion of the LAD. The RCA should be visualized in at least two views, including @rctakial view
thai demonstrates the RCA and origin of the PDA and posterolateral branche: RAO view that
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demonstrates the mid-RCA and proximal, middle, and distal termination of the PDAP AreAial projection
may also be useful for the demonstration of the distal termination of the RCA, andatetattview is useful
to visualize the ostium of the RCA and mid-portion of the RCA with separation of theaR€ s right

ventricular branches.

FIGURE 20-18 Importance of orthogonal projections. Each vascsggment of the coronary artery must be recomédo orthogonal or nearly
orthogonal views to avoid missing important diagimisformation about eccentric stenoses. In plaritke image is associated with 75 percent stenosis,

but in plane B the image results in 10 percentastisn

Congenital Anomalies of the Coronary Circulation

Coronary anomalies are defined as those angiographic findings in which the number, originacdurse
termination of the arteries are rarely encountered in the general population. €amoraalies may occur in 1
to 5 percent of patients undergoing coronary arteriography, depending on the threshold for defining an
anatomical variant ( Table 20-7[}56] [37]

TABLE 20-7 -- Incidence of Coronary Anomalies among 1950 Angiograms

Variable Number|Percent
Coronary anomalies 110 5.64
Split RCA 24 1.23
Ectopic RCA (right cusp) 22 1.13
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Ectopic RCA (left cusp) 18 0.92
Fistulas 17 0.87
Absent left main coronary artery13 0.67
LCx artery arising from right cugf.3 0.67
LCA arising from right cusp 3 0.15
Low origin of RCA 2 0.1

Other anomalies 3 0.15

From Angelini P (ed): Coronary Artery Anomalies: A Comprehel Approach. Philadelphia, Lippincott
Williams and Wilkins, 1999, p 42.

LCx = left circumflex; RCA = right coronary artery.

The major reason for appropriately identifying and classifying coronary anomalies isrtmide their
propensity to develop fixed or dynamic myocardial ischemia and sudden cardiac death, paiticgdang

and otherwise healthy individuallse] Documentation of precise ischemia risk for some of these anomalies

using conventional exercise stress testing or intravascular Doppler flow styaleslispredictive and may

fail to detect significant anatomic abnormalitie®] [39] [40] Accordingly, coronary artery anomalies are
divided into those that cause and those that do not cause myocardial ischemia ( Tabjes20-8 ).

TABLE 20-8 -- Ischemia Occurring in Coronary Anomalies

Type of IschemiaCoronary Anomaly

Absence of Majority of anomalies (split RCA, ectopic RCA from right cusp, ectopic RCA fiefin |
ischemia cusp)

fistulas; myocardial bridge

Episodic ischemipAnomalous origin of a coronary artery from the opposite sinus (ACAOS); coronary

Artery

ischemia atresia or severe stenosis

Obligatory Anomalous left coronary artery from the pulmonary artery (ALCAPA); coronary osti

s

Modified from Angelini P (ed): Coronary Artery Anomalie: Comprehensive Approach. Philadelphia,
Lippincott Williams & Wilkins, 1999, 42.

RCA = right coronary artery.

ANOMALOUS PULMONARY ORIGIN OF THE CORONARY ARTERIES (APOCA).

This syndrome is characterized by the origin of the coronary artery arising from thenpwynartery. The
most common variant is an anomalous origin of the LCA from the pulmonary artery (ALCAE#ugh
single vessel origins of the RCA, LCx coronary artery, or LAD artery from the pulmonary have also

APOCA die within the first year. In the presence of an extensive collaterabnkeatients may survive
into adulthood. Aortography typically shows a large RCA with absence of a left coronary wstherieft
aortic sinus. During the late phase of the aortogram, patulous LAD and LCx branches fillisyahea

collateral circulation from RCA branches. Still later in the filming sequartegrade flow from the LAD
and LCx arteries opacifies the LMCA and its origin from the main pulmonary arftégy 20-19 )[31]
Once detected, coronary artery bypass surgery is recommended because of the high incidddee of $
death, cardiomyopathy, and arrhythmias associated with APRCA.

ANOMALOUS CORONARY ARTERY FROM THE OPPOSITE SINUS ( ACAQOS).

Origin of the LCA from the proximal RCA or the right aortic sinus with subsequent passtgen the

been reportec1] Untreated, and in the absence of an adequate collateral network, most (95%) infants wit

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht 16/10/200:



MD Consult: Books: Libby: Braunwald's Heart Disease: A Textbook of Cardiovadda... Pagina34 de83

aorta and the right ventricular outflow tract has been associated with sudden death diirorgyoafter
exercise in young persons (Figs. 20-20 to 20-22 [20] [21] [22])[41] The increased risk of sudden deg
may be due to a slit-like ostium, a bend with acute takeoff angles of the aberrant corenias; ar
arterial compression between the pulmonary trunk and aorta when there is increaddbbw through
these vessels with exercise and stiegisOrigin of the RCA from the LCA or left aortic sinus with pass
between the aorta and the right ventricular outflow tract is also associdtedyaitardial ischemia and
sudden deathi43] [44] In rare cases of anomalous origin of the LCA from the right sinus, myocardial
ischemia may occur even if the LCA passes anterior to the right ventricular otrttdver posterior to the
aorta (i.e., not through a tunnel between the two great vessels). Although coronary bypass subgeny
the traditional revascularization approach in patients with ACAOS, coronaringtbas also been report
with acceptable medium-term succéss.

The course of the anomalous coronary arteries is easily assessed by angiography inenVRAKE four|
common courses for the anomalous LCA arising from the right sinus of Valsalva indag&ah anterior,
interarterial, or posterior coursez] The posterior course of the anomalous LCA arising from the right
sinus of Valsalva is similar to the course of the anomalous LCx artery arisingneaight sinus of
Valsalva (see Fig. 20-21 ), whereas the common interarterial course of the@R@A from the left
sinus of Valsalva is similar to the interarterial course of the anomalofisati€ing from the right sinus of
Valsalva.

When either the LCA or the LAD arises anomalously from the right sinus, another apgicgnethod to
identify the course of the anomalous vessel is to pass a catheter into the main pulnernyaanathen
perform an arteriogram of the aberrant coronary artery in the steep AP cajeletigm. This places the
aberrant coronary artery, the rightward and anterior pulmonary valve, and the leftwardtandrpastic
valve all in one plane. From this “laid-back” aortogram, which can be used even in mapmagrsesof
anomalous coronary arteries in transposition of the great vessels, it is usuallyepossiifirm whether
the course of the aberrant coronary artery is between the great vessels. Althoographygiis useful for
establishing the presence of anomalous coronary arteries, computed tomographic (CTa@mgrogy
also be an important adjunctive diagnostic tool for establishing the course of the (sess€lbap.

18) . [47] [48]

CORONARY ARTERY FISTULAS.

Coronary artery fistulas are defined as abnormal communications between aycarterg and a cardiac
chamber or major vessel, such as the vena cava, right or left ventricle, pulmonary vein, ormyuimona|
artery.[49] [50] Fistulas arise from the RCA or its branches in about one half of the cases, and drain
generally occurs into the right ventricular, right atrium, and pulmonary arteries; coestery fistulas
terminating in the left ventricle are uncommon (3%26) (Figs. 20-23 to 20-25 [23] [24] [25]). Coronary
arteriography is the best method for demonstrating the origin of these fistulas.

The clinical presentation associated with coronary artery fistulas is depemdiet type of fistula, shunt
volume, site of the shunt, and presence of other cardiac conditions, although patients (50eé)naiite
asymptomatid4o] Dyspnea on exertion, fatiguepngestive heart failure, pulmonary hypertension, bac
endocarditis, and arrhythmias are common presentations in symptomatic patient.didyschemia ma
also occur, but the mechanism remains specul@ttreSymptomatic patients or those with severe shun
may be treated with surgical closure, although percutaneous closure with coil endwolizayf also be
tried.

CONGENITAL CORONARY STENOSIS OR ATRESIA.

Congenital stenosis or atresia of a coronary artery can occur as an isolated lesessociation with
other congenital diseases, such as calcific coronary sclerosis, supravalvidastanosis, homocystinurig
Friedreich ataxia, Hurler syndrome, progeria, and rubella syndrome. In theselmag@i®tic vessel usua
fills by means of collateral circulation from the contralateral side.

MYOCARDIAL BRIDGING.
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The three major coronary arteries generally course along the epicardial sutfaz@edrt. On occasion,
however, short coronary artery segments descend into the myocardium for a variable.distianc
abnormality, termed myocardial bridging, occurs in 5 to 12 percent of patients, and is usuaigdctanf
the LAD ( Fig. 20-26 )42] Because a “bridge” of myocardial fibers passes over the involved segment of
the LAD, each systolic contraction of these fibers can cause narrowing of the agtecartial bridging
has a characteristic appearance on angiography with the bridged segment of ndearadlgahg diastole
and abruptly narrows with each systole. Although bridging is not thought to have any hemodynamig
significance in most cases, myocardial bridging has been associated with angina, &rligphrassed left
ventricular function, myocardial stunning, early death after cardiac transplangattbaudden deafh2]
Intracoronary Doppler studies have shown that diastolic flow abnormalities may eetpngsatients with
myocardial bridging42] Medical treatment generally includes beta blockers, although nitrates should be
avoided because they may worsen symptgmisintracoronary stents and surgery have been attempted in
selected patients, but the results have been minzed.

HIGH ANTERIOR ORIGIN OF THE RIGHT CORONARY ARTERY.

This anomaly is commonly encountered but is of no hemodynamic significance. The inability toteegage
ostium of the RCA selectively by conventional catheter manipulation raises teoqus this superior
origin of the RCA above the sinotubular ridge. Forceful, nonselective injection of congdstm into the
right sinus of Valsalva may reveal the anomalous takeoff of the RCA, which can thernchieedgle
engaged with a Judkins right 5.0 catheter or an Amplatz left 1.0 or 2.0 catheter.

FIGURE 20-19 Anomalous origin of the left coronary artery (LC#Ym the pulmonary artery to C, The thoracic aortogram shows a large right
coronary artery (RCA) and no antegrade fillinglaf £ CA. The LCA fills primarily through extensiveltaterals from the RCA to the LADA (straight
arrows). The anomalous origin of the LCA from theénponary artery is demonstrated in late phasekeofibrtogram, curved arrow).
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FIGURE 20-20 Four possible pathways of the anomalous left campartery arising from the right coronary sinu3: (R, Interarterial (between the aorta
and the pulmonary artery [PAJB, retroaortic;C, prepulmonic; an®, septal (beneath the right ventricular outflow tyak = left coronary sinus, N = non-
coronary sinusk, Computed tomographic (CT) angiography showingéftecoronary artery taking a prepulmonic coursesging anterior to the
pulmonary artery (PA) (arrows). A = aorf.The left anterior descending artery arising frém tight coronary sinus and taking a septal (subpaoic)
course. The right coronary artery has a normalmfigm the right coronary sinus (curved arrow) the left anterior descending artery arises froen th
right coronary cusp and courses beneath the pulmamtery (straight arrow)s, CT angiography showing the left circumflex corgnartery (short
straight arrow) arising from its normal locationtire left coronary sinus. A (aorta). The curveawarrepresents the right coronary artery arisingiftbe
right coronary sinus. The aberrant left anterigagading artery arises from the right coronary siawd takes a subpulmonic course (large straigbivar
(Reproduced from Kim SY, Seo JB, Do KH, et al: @arg artery anomalies: Classification and ECG-gatedlti-detector row CT findings with
angiographic correlation. Radiographics 26:317-33Bscussion 333-334, 2006.)
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FIGURE 20-21 Anomalous origin of the left circumflex coronamtexy from the right coronary sinug, The left anterior descending artery arises from
the left coronary sinus in usual location but therabsence of the left circumflex arteB;.A left ventriculogram in the right anterior obligyrojection
shows the “button sign” (arrow) of the anomaloudsdecumflex artery coursing behind the aota.Computed tomographic angiography shows the origin
of the left circumflex artery from the right coragainus and passing behind the aorta (A) (arréwpiographic demonstration of the anomalous left
circumflex artery (arrows) from the right coronaipus shown in the left anterior oblique project{) and the right anterior oblique projecti(i). PA =

pulmonary artery. Figure continues wext page
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FIGURE 20-22 Anomalous origin of the right coronary artery frohe left coronary sinug\, An aortogram in left oblique projection shows #iesence

of the right coronary artery from the right coronamus.B, Selective injection of the right coronary arteryrh the left coronary sinus., Computed
tomographic angiography shows the slit-like origfrthe right coronary artery (straight arrow) fréine left coronary sinus and normal origin of thig le
coronary artery (curved arrow). The right coronamgry courses between the aorta (A) and pulmosdeyy (PA).D, The normal anatomy of the right and
left coronary arteries is shown in the left plased the anomalous origin of the right coronaryrgrie shown coursing between the aorta and pulnyonar
artery. (Reproduced from Kim SY, Seo JB, Do KH, et al: @arg artery anomalies: Classification and ECG-gatadlti-detector row CT findings with
angiographic correlation. Radiographics 26:317-38scussion 333-4, 2006; and Qayyum U, Leya F, Ste&wchanski M, Grassman E, Cho L, et al:
New catheter design for cannulation of the anom&laght coronary artery arising from the left sinaValsalva. Catheter Cardiovasc Interv 60:382-388
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2003.)

FIGURE 20-23 Congenital fistula to the left ventricla, Right anterior oblique cranial view of the leftronary arteriogram shows a congenital fistula
(arrow) arising from branches of both the left aistedescending and left circumflex arteries angiming into the left ventricleB, Left anterior oblique
view of the left coronary arteriogram shows théufs (arrow).

FIGURE 20-24 Congenital fistula to the pulmonary artery. Thi¢ é®ronary arteriogram shows a congenital fisaraing from the left anterior
descending (large arrow) and terminating (smadhayiin the pulmonary artery demonstrated in thatranterior obliqugA) and left anterior oblique with
caudal angulatio(B).
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FIGURE 20-25 latrogenic fistula of the left anterior descendartery. This patient had undergone prior cardiacsplantation and developed a fistula
between the left anterior descending artery andligfit ventricle following right ventricular biopsrrow).
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FIGURE 20-26 Intramyocardial bridge. The left anterior descegdartery course into the myocardium shown in diag\) and systolé¢B). Note
compression of the lumen caliber of the arterymysystole.

Coronary Artery Spasm

Coronary artery spasm is defined as a dynamic and reversible occlusion of an emoerdeaty artery caused
by focal constriction of the smooth muscle cells within the arterial wall. ligidascribed by Prinzmetal and
colleagues (“Prinzmetal” or “variant” angina) in 1959, this form of angina was not provoked by#he us
factors, such as exercise, emotional upset, cold, or ingestion of a meal. Coronaigpater can be invoked
by cigarette smok-ing, cocaine use, alcohol, intracoronary radiation, and administrattechbtamines
during general anesthesia. Although the ST segment elevation is often striking, it rapgdly tenormal
when the pain disappears spontaneously or is terminated by the administration of nitro@ygeri2027 anc
20-28 [27] [28]). Coronary artery spasm may be accompanied by atrioventricular block, venéatapic
activity, ventricular tachycardia, or ventricular fibrillation. Ml and deathrare manifestations of coronary
artery spasm. Coronary artery spasm can also be superimposed on the presence ofanardrahbridge.
[43]

FIGURE 20-27 Coronary artery spasm, Proximal and distal coronary artery spasm wasdalfter stent placement in the left anterior dedien
coronary artery (arrows) that was relieved witlianoronary nitroglyceriB).
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FIGURE 20-28 “Wire pleating.”A, A focal stenosis (top arrow) is shown in the &fterior descending arter, A 0.014 inch coronary guidewire was
advanced across the stenosis but straightenedtisely resulting in downstream wire pleating minmgla coronary stenosis or dissection (bottom ayrow
C. After a stent was placed in the proximal left aiotedescending artery (top arrow), the pseudostisnoas no longer present (bottom arrow).

Coronary arteriography is useful in patients with suspected coronary artery spasmde &xelpresence of
concomitant CAD and to document an episode of coronary artery spasm using provocative intravenous
medications. Three provocative tests can be performed to detect the presence of adenyaspasm.
Intravenous ergonovine maleate can elicit two types of responses. A diffuse coronaoys@gdion that
occurs in all the epicardial arteries is a physiological response to ergonovine nottdiagramsonary artery
spasm. The second response to ergonovine is a focal, occlusive spasm of the epieaydiahtis associated
with chest pain and ST segment elevation. Nitroglycerin should be administered dntecthe coronary
artery to relieve the coronary spasm. A second provocative test is the use ohmisaaeetylcholine.
Although it is more sensitive than ergonovine, it may be less specific because of ilre pesionse in
patients with atherosclerotic CAD. The final provocative ie&typerventilation during coronary arteriograg
which is less sensitive but highly specific for the presence of coronary artery spasenabsence of a
positive stimulation test, the diagnosis of coronary artery spasm must rely insteadcahfelatures and
response to treatment with nitrates and calcium channel blockers. Sole thehabgtaviblockers should be
avoided because it can worsen the occurrence of coronary artery spasm. Coronary antethyasims
refractory to conventional therapy with long-acting calcium chan-nel blockers artdshtem be treated with

coronary stenting.

Lesion Complexity

Heterogeneity of the composition, distribution, and locaticatherosclerotic plaque within the nat
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coronary artery results in unique patterns of stenosis morphology in patients with CADpadttese have
been used to identify risk factors for procedural outcome and complications aft@ndPtl assess the risk for
recurrent events in patients who present with an acute coronary syndror@eiteria established by a joint
ACC/AHA task force suggested that procedure success and complication neeslated to a number of
different lesion characteristics ( Table 20-9 ). Over the decade following biegtion of these criteria,
despite substantial improvements in the techniques used for coronary intervention, thenmptest esion
morphologies (i.e., “type C” lesions) remain associated with reduced proceduedssucpatients with
ischemic CAD ( Table 20-10).

TABLE 20-9 -- Characteristics of Type A, B, and C Coronary Lesions
Type A Lesions (high succes$:85%; low risk)

Discrete (<10 mm) Little or no calcium

Concentric Less than totally occlusive
Readily accessible Not ostial in locations
Nonangulated segment, <45 degrees No major side branch involvement
Smooth contour Absence of thrombus

Type B Lesions (moderate success, 60-85%; moderate risk)

Tubular (10 to 20 mm length) Moderate to heavy calcification
Eccentric Total occlusions <3 mo old
Moderate tortuosity of proximal segment Ostial in location

Moderately angulated segmerit45 degrees, <90 degrg@&ifurcation lesion requiring double guidew|re

Irregular contour Some thrombus present

Type C Lesions (low success60%; high risk)

Diffuse (>2 cm length) Total occlusion >3 mo old
Excessive tortuosity of proximal segment Inability to protect major side branches
Extremely angulated segments90 degrees Degenerated vein grafts with friable lesions

From Ryan TJ, Bauman WB, Kennedy JW, et al: Guidelines for percut: coronary angioplasty. A report
the American Heart Association/American College of Cardiology Task Force onssesd Diagnostic and
Therapeutic Cardiovascular Procedures (Subcommittee on Percutaneous Transluminal Coronary
Angioplasty). Circulation 88:2987, 19¢

TABLE 20-10 -- Definitions of Preprocedural Lesion Morphology

Frequency
Feature (%) Definition
Eccentricity [48.0 Stenosis that is noted to have one of its luminal edges in the outer one glarter
of the apparent normal lumen
Irregularity 17.9 Characterized by lesion ulceration, intimal flap, aneurysm, or saw-toothef
pattern
Ulceration |12.1 Lesions with a small crater consisting of a discrete luminal widening in thie
area of the stenosis
Intimal flap |3.22 A mobile, radiolucent extension of the vessel wall into the arterial lumen
Aneurysm |5.49 Segment of arterial dilation larger than the dimensions of the normal arteyial
segment
Saw-toothed|0.84 Multiple, sequential stenosis irregularities
pattern
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Length Measured “shoulder to shoulder” in an unforeshortened view
Discrete 55.0 Lesion length <10 mm
Tubular 34.8 Lesion length 10-20 mm
Diffuse 10.2 Lesion length >20 mm
Ostial location |10.0 Origin of the lesion within 3 mm of the vessel origin
Angulation Vessel angle formed by the center line through the lumen proximal and distal
to the stenosis
Moderate 15.3 Lesion angulationl 45 degrees
Severe 0.93 Lesion angulationl 90 degrees
Bifurcation 6.05 Stenosis involving the parent and daughter branch if a medium or large Qranct
stenosis (>1.5 mm) originates within the stenosis and if the side branch is complelely

surrounded by stenotic portions of the lesion to be dilated

Proximal tortuosity

Moderate 15.3 Lesion is distal to two bends >75 degrees
Severe NR Lesion is distal to three bends >75 degrees
Degenerated |7.1 Graft characterized by luminal irregularities or ectasia constituting > 5094 of
SVG the graft length
Calcification 34.3 Readily apparent densities noted within the apparent vascular wall at the] site ¢
the stenosis
Total occlusion 6.4 TIMI O or 1 flow
Thrombus 3.4 Discrete, intraluminal filling defect is noted with defined borders and is {afgel

separated from the adjacent wall. Contrast staining may or may not be pfesent

NR = not reported; SVG = saphenous vein graft; TIMI = thrombolysis in myocardialtiofarc

Data obtained from 846 lesions undergoing qualitative angiographic analysis at the Washinpgitath Hos
Center Angiographic Core Laboratory.

The predictive value of two other risk scores has been compared to the ACC/AHA tasigexaty score[54]
[55] The Society for Cardiac Angiography and Interventions (SCAI) risk score used an ordinad i@rtkvo
composite criteria (vessel patency and complex morphology) to classify lesions intooigps:gron-type C—
patent, type C—patent, non-type C—-occluded, and Type C—ocdialeebr correctly classifying lesion
success, the ACC/AHA classification had a C-statistic of 0.69; the mbdifieC/AHA system had a C-
statistic of 0.71; and the SCAI classification had a C-statistic of 0.75. The Miayo Risk Score added the
integer scores for the presence of eight morphological variables and provided adbesteatification than th
ACC/AHA lesion classification for the predicting cardiovascular compboati whereas the ACC/AHA lesion
classification was a better system for identifying angiographic sugeess.

LESION LENGTH.

Lesion length may be measured using a number of methods, including measurement of the ‘tshoulder-
shoulder” extent of atherosclerosis narrowed by more than 20 percent, quantifyingptinéetggh more
than 50 percent narrowed, and estimating the distance between the proximal andgiiedghically

“normal” segment; the last method is used most commonly in clinical practice andgsravionger length
than more quantitative methods. Diffuse (>20 mm) lesions are associatedduitedgrocedural success
with drug-eluting stents, primarily related to large degrees of late lumemidseae extensive underlying
atherosclerosig7] (see Chap. 55) .

OSTIAL LOCATION.
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Ostial lesions are defined as those arising within 3 mm of origin of the vessel dr,laadcan be further
characterized into aorto-ostial and non—aorto-ostial. Aorto-ostial lesiong@ndibfocalcific and rigid,
requiring additional ablative devices, such as rotational atherectomy in the presexiemsive
calcification, in order to obtain adequate stent expansion. Positioning of the proxinaail pbthe stent in
the aorto-ostial location so that no more than 1 mm of stent extends into the aorta regticelous care,
Ostial stenoses that do not involve the aorta may also be more elastic than nonsastialhle require the
same principles for treatment as bifurcation lesions.

ANGULATED LESIONS.

Vessel angulation should be measured in the most unforeshortened projection abthraaienum
stenosis using a length of curvature that approximates the balloon length. Balloon angioplapijatéd
lesions increased the risk for dissections, although with the advent of coronary stentimapititye to
deliver the stent and subsequent straightening of the vessel that may predisposeetu fadetsire are the
largest challenges of highly angulated lesions.

BIFURCATION LESIONS.

The optimal strategic approach for bifurcation lesions remains controversial, arsk tloe side branch
occlusion during PCI relates to the relative size of the parent and branch vessegtibe éddhe disease
in the parent vessel, and the stenosis severity in the origin of the side branch. In genenaéntlatone
stent is preferable to stent placement in both the parent vessel and side branChafs&5) .

DEGENERATED SAPHENOUS VEIN GRAFTS.

A serial angiographic study in patients undergoing coronary bypass surgery showed that 25% of S
occlude within the first year after coronary bypass surgeiyAlthough a drug-eluting stent may reduce
the recurrence rate due to restengsis,only embolic protection devices have reduced procedural
complications. A study that evaluated the extergraft degeneration and estimated volume of plaque
target lesion found that the independent correlates of increased 30-day major addersecant rates
were more extensive vein graft degeneration (p = 0.0001) and bulkier lesions (largateestitaque
volume, p = 0.0005)50]

LESION CALCIFICATION.

Coronary artery calcium is an important marker for coronary atherosclerosis. Gonakangiography is
moderately sensitive for the detection of extensive lesion calcification, basisdasitive for detecting th
presence of milder degrees of lesion calcification. Severely calcifiehtet@nd to be more rigid and
undilatable than noncalcified lesions, and rotational atherectomy may be useful tesfong $0 ensure
stent delivery and complete stent expansion.

THROMBUS.

Although conventional angiography is a relatively insensitive method for detecting coronargubyais
presence is associated with a higher risk of procedural complications, primatilygéo embolization of
thrombotic debris into the distal circulation. Large, intracoronary thrombi may hbednsdh a
combination of pharmacological agents (e.g., glycoprotein llb/llla inhibitors) and medtaeczes (e.qg.,
rheolytic thrombectomy) (see Chap. 55) .

TOTAL OCCLUSION.

Total coronary occlusion is identified as an abrupt termination of the epicardidl eegssograde and

Gs

e

retrograde collaterals may be present and are helpful in quantifying the length oflh@totaded segment.

Success in passage of a coronary guidewire across the occlusion depends on the occlusroardliost

certain lesion morphological features, such as bridging collaterals, occlusih ¢geater than 15 mm, and
the absence of a “nipple” to guidewire advancement. Ngwelewires and improved operator experience
improved procedural succe rates, although the presence of a total occlusion remains one of th reason:
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for referring patients for coronary bypass surgery.
CORONARY PERFUSION.

Perfusion distal to a coronary stenosis can occur anterograde by means of the nativeetregsatie through
collaterals, or through a coronary bypass graft. The rate of anterograde coronary flavemced by both the
severity and complexity of the stenosis and the status of the microvasculatutdérdhmdolysis in Myocardi:
Infarction (TIMI) study group established criteria to assess the degree of aatleragronary reperfusion in
patients with acute MI and found that complete restoration of anterograde perfusion & fldiiwas
associated with the lowest mortality rate ( Table 20-11 ). TIMI frame count afdMhenyocardial perfusion
grade permit further quantification of anterograde flow and assessment of distalascular perfusion.

TABLE 20-11 -- Thrombolysis in Myocardial Infarction (TIMI) Flow

Grade 3 (complete |Anterograde flow into the terminal coronary artery segment through a stenosisl|is as
reperfusion) prompt as anterograde flow into a comparable segment proximal to the stenosjs.
Contrast material clears as rapidly from the distal segment as from an uninvoljed,
more proximal segment.

Grade 2 (partial Contrast material flows through the stenosis to opacify the terminal artgnese
reperfusion) However, contrast material enters the terminal segment perceptibly mohg tslam
more proximal segments.

Alternatively, contrast material clears from a segment distal to a steraigieably
more slowly than from a comparable segment not preceded by a significant st¢nosis

if

Grade 1 (penetration |A small amount of contrast material flows through the stenosis but fails toyopad
with minimal artery |fully the epicardial vessel.
perfusion)

Grade 0 (no perfusiorfNo contrast flow through the stenosis.

Modified from Sheehan F, Braunwald E, Canner P, et al: The effintravenous thrombolytic therapy on |
ventricular function: A report on the tissue-type plasminogen activator and streptokiormsthé
Thrombolysis in Myocardial Infarction (TIMI) phase 1 trial. Circulation 72:817, 1989.

Coronary Collateral Circulation

Networks of small anastomotic branches interconnect the major cc arteries and serve as precursors for

the collateral circulation that maintains myocardial perfusion despite theogeneit of severe proximal
atherosclerotic narrowingsi] Collateral channels may not be seen in patients with normal or mildly diseasec
coronary arteries because of their small (<200 mm) caliber, but as CAD progneddescomes more severe
(>90 percent stenosis), a pressure gradient is generated between the anastamudis and the distal vessel
that is hypoperfusegh2] The trans-stenosis pressure gradient facilitates blood flow through the anastomot
channels, which progressively dilate and eventually become visible as collateed$ (dsg. 20-29 ).
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FIGURE 20-29 Coronary collateralsd, Kugel's branch arises from the proximal right eeny artery and extends to the distal posterioceieding
branch of the right coronary artery (arro).“Bridging” collaterals (arrow) connecting the pioal and distal right coronary arter@, A “microchannel”
in the mid-left anterior descending artely.A Viessen collateral extends from the proximahtigoronary artery to the left anterior descendirtgry
(arrow).

The visible collateral channels arise either from the contralateral cgrartary, from the ipsilateral coronary
artery through intracoronary collateral channels, or through “bridging” channels that bak@ginous course
from the proximal coronary artery to the coronary artery distal to the occlusion. THaseralsl may provide
up to 50 percent of anterograde coronary flow in chronic total occlusions, and may allow the devetbame
“protected” region of myocardial perfusion that does not develop ischemia during enhanced rayocaydr
demands. Recruitment of collateral channels may occur quickly in patients who develapeasilasegment
elevation MI caused by a sudden thrombotic occlusion. Other factors that affatdrebdlevelopment are
patency of the arteries supplying the collateral and the size and vasculancesi$téhe segment distal to the
stenosis. Grading of flow of collaterals can be classified using the Rentemmgciitcluding Rentrop grade 0
(no filling), Rentrop grade 1 (small side branches filled), Rentrop grade 2 (ppitiatdgal filling of the
occluded artery), or Rentrop grade 3 (complete epicardial filling of the occludeg.aster

Quantitative Angiography

Although visual estimations of coronary stenosis severity are used by virtually@liaels to guide clinical
practice, “eyeball” estimates of percent diameter stenosis areditmyt substantial observer variability and
bias. More reliable and objective “on-line” quantitative coronary measurementidmhlienited clinical use,
however, being largely supplanted by more physiological measures of stenosis severity, sech as di
measurements fractionaland coronar flow reserve in regions of intermediate (40 to 70 percent) ste
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severity. Nevertheless, a number of angiographic measures have been developed to nitateyelyaadsess
early and late procedural outcome after PCI for research protocols and regisity (4 able 20-12 ); these

methods have been
ischemic CAD.

used to determine the value of new devices and drugs for the trepatientsoiith

TABLE 20-12 -- Standardized Criteria for Postprocedural Lesion Morphology

Feature

Definition

Abrupt closure

Obstruction of contrast flow (TIMI 0 or 1) in a dilated segment with previously
documented anterograde flow

Ectasia

A lesion diameter greater than the reference diameter in one or more areas

Luminal
irregularities

Arterial contour that has a saw-toothed pattern consisting of opacification but not
fulfilling the criteria for dissection or intracoronary thrombus

Intimal flap A discrete filling defect in apparent continuity with the arterial wall
Thrombus Discrete, mobile angiographic filling defect with or without contrast staining
dissectionr]

A Small radiolucent area within the lumen of the vessel

B Linear, nonpersisting extravasation of contrast material

C Extraluminal, persisting extravasation of contrast material

D Spiral-shaped filling defect

E Persistent lumen defect with delayed anterograde flow

F Filling defect accompanied by total coronary occlusion

Dissection, length
(mm)

Measure end to end for type B through F dissections

Dissection, staining

Persistence of contrast within the dissection after washout of contrasthfaten the
remaining portion of the vessel

Perforation
Localized Extravasation of contrast material confined to the pericardial space imatgdiat
surrounding the artery and not associated with clinical tamponade
Nonlocalized Extravasation of contrast material with a jet not localized to the peritapdiee,
potentially associated with clinical tamponade

Side branch loss

TIMI O, 1, or 2 flow in a side branch > 1.5 mm in diameter that previously had TIM
flow

3

Distal embolization

Migration of a filling defect or thrombus to distally occlude the target vessel or ong
its branches

b of

Coronary spasm

Transient or permanent narrowing > 50% when a < 25% stenosis has been previ
noted

pusly

TIMI: thrombolysis in myocardial infarction.

* National Heart, Lung and Blood Institute classifica system for coronary dissection.

Quantitative coronary angiography was initially performed by Greg Brown and colleaghedJaiersity of
Washington nearly 30 years ago. Using hand-drawn arterial contours that corrected fdngringdissortion
and reconstructed a three-dimensional representation of the arterial contaanaefvessel and minimal
lumen diameters were measured and were used to evaluate the effect of plogiosdotervention for a
number of angiographic plaque regression studies. These initial quantitative angiogetpbitsmvere time
consuming and cumbersome, and have now been largely replaced with computer-assistedonethods
automated arterial contour detection that have utilized imp microprocessor speed and storage cap
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Quantitative angiographic analysis is divided into several distinct processedingdilm digitization (when
needed), image calibration, and arterial contour detection. The cdiikeastiagnostic or guiding catheter c
be used as a scaling device for determining absolute vessel dimensions, yielding@orafdstor in
millimeters per pixel. Catheter and arterial contours are obtained by drawintealse through the segment
of interest. Linear density profiles are then constructed perpendicular to thelicentend a weighted average
of the first and second derivative function is used to define the catheter or adgesl kndividual edge points
are then connected using an automated algorithm, and outliers are discarded and the sugeshae The
automated algorithm is then applied to a selected arterial segment, and absoluty doreressions and
percent diameter stenosis are obtained.

The measures obtained using quantitative angiography are used to doangiegtaphic success, defined :
<50 percent residual diameter stenosis after balloon angioplasty or a <20 percetdrditanesis after
coronary stent placement. Long-term results following stent placement, and, neoryretrug-eluting stent
placement, are described using binary angiographic restenosis, defined as a 50 percdet toligreaip
diameter stenosis, and late lumen loss, defined as the loss in lumen diametehduntegmediate (6 to 9
month) period of follow-up. Both the follow-up percent diameter stenosis and late lumensiteeha
correlated with clinical restenosis, manifest by ischemia-driven tagjenl revascularization.
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PITFALLS OF CORONARY ARTERIOGRAPHY

Errors in image acquisition and interpretation can have a profound impa@rm@agement strategies in patie
with ischemic CAD, particularly when there is disagreement between angiognalpysological, and clinical
findings. Attention to those factors that affect angiographic image quality atnbetimage acquisition will
improve the ultimate course selected for patients who undergo arteriography.

INADEQUATE VESSEL OPACIFICATION.

Inadequate filling of the coronary artery with contrast medium results in incompletel opacification or
“streaming,” which may misrepresent the degree of ostial and side branch distaserastimate the amount
of thrombus within the vessel. The causes of contrast streaming include competitiomcheased native
coronary blood flow in the setting of left ventricutaypertrophy associated with aortic insufficiency or ane
or inadequate placement of the diagnostic catheter that is not coaxial (or “inAitiethe coronary ostium.
Contrast streaming can be overcome by a more forceful contrast agent injection asclathgir tip position
and pressure recording confirm the safety of such a maneuver. Switching to an angioplastyegtiditer
with a soft, short tip and a larger lumen than a diagnostic catheter may allow m@teteavpacification of

the target coronary artery or bypass graft. Superselective injection of corgcastminto the LCx artery (or
LAD) through a short LMCA may give the impression of total occlusion of the LAD (or LCXx).

ECCENTRIC STENOSES.

By its nature, coronary atherosclerosis is a ubiquitous process that leads to amahpteque distribution
within the coronary artery. Although most segments of the artery wall are involved in ttuseligretic
process, eccentric or slit-like lesions may be seen by angiography in regions of migpkatpea
accumulation. The hemodynamic significance of eccentric lesions is dependent on thiegoeecstenosis
rather then the “worst” percent diameter stenosis. A related problem is thatlazy band-like or
membranot stenosis, which may exceedingly difficult to characterize using standard angiographic v
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These unique lesions may simply represent atherosclerosis or they may be caused bylcowgebianous
bands. Because of the difficulty in ascertaining the hemodynamic significance ofdbestie and band-like
lesions, measurement of a fractional flow reserve using a micromanomegerekewire across the region of
abnormality during intravenous adenosine administration may be useful in identifying theséspaitih
hemodynamically significant narrowings.

SUPERIMPOSITION OF BRANCHES.

Superimposition of major branches of the left and right arteries can result ie faildetect significant
stenoses or total occlusions of these branches. Although this problem most commomslyhefeAD artery
and parallel diagonal branches, side branch overlap may also occur with the ostium of thenabjusal
branch lesion of the left circumflex and the origin of the right ventricular branch of theoigpnary artery.
Moreover, when the LAD is occluded beyond the origin of the first septal branch, this branch ofieede
quite enlarged in an attempt to provide collateral circulation to the vascular bedlatéhe AD. It is
important to obtain sufficient angulation for these views to identify the exact anatdneyaigin of the side
branch, such as cranial projections for the LAD artery, caudal projections for tbiedefhflex, and left later:
projection for the RCA.

MICROCHANNEL RECANALIZATION.

It is sometimes difficult to differentiate very severe (>90 percent) corotemgses (with an anterograde
lumen) from total occlusions (with no anterograde lumen) that have been rechnétizenicrochannels and
bridging collaterals. Pathological studies suggest that approximately one thirdlgfdotdlided coronary
arteries ultimately recanalize, resulting in the development of multipleotestchannels that are quite small
and close to one another, and creating the impression on angiography of a single, slightly irregutrAta
angiography lacks sufficient spatial resolution to demonstrate this degree bindetast patients with
recanalized total occlusions, wire crossing may not be possible in some casesdvalessdwire techniques
are used.

Intravascular Ultrasonography and Related Invasivelmaging Methods

Contrast coronary arteriography is limited in its ability to quantify the extent oibdisdn of atherosclerosis
or to identify changes within the vessel wall over time. Intravascular ultrasoun&)lig@ safe, accurate, and
reproducible method of detecting vessel wall structure and disease and it lendsritwsitjiet dynamic
changes before, after, and late after PCI (see also Chap. 55) . The two-dimdosiogahphic images
provided by IVUS also permit 360-degree characterization of arterial lumen dimgmsiregions that are
difficult to assess using conventional angiography, such as the LMCA and the ostia of the@Adtery,

and RCA. When a mechanized pull-back of the IVUS ca-theter is performed at a fexeadttaeedimensions
reconstruction of the arterial wall and its lumen can be obtained.

TECHNICAL ISSUES.

IVUS has evolved substantially since the early 1990s, resulting in the commercabiéitsadf rapid
exchange, mechanical, or dynamic-array imaging catheters—ranging in size from 2.6 to 3.2&tHden
with 6 to 7F guiding catheters, and yielding a 30 to 40 MHz imaging frequency for enhanced tissue
characterization. Longitudinal or three-dimensional display of the arteriabvieest performed using an
automated pull-back device, which uses side branches and other anatomical landmeaektaio e
plaque location along the axial length of the vessel.

VESSEL WALL COMPOSITION.

In nondiseased arteries, IVUS differentiates the vessel wall into thrggoemnts1] : the intima, which is
composed of endothelial cells, subjacent smooth muscle cells, and extracelltibgrisnB0 to 200 mm ir|
diameter and partitioned from the media by the internal elastic l&njrthe media, which is composed of
smooth muscle cells, elastin, and collagen, is 100 to 350 mm in diameter and encircled l®riiaé ext
elastic membrane (EEM); and the adventitiayhich contains fibrous tissue, is 300 to 500 mm in diameter
and encased by perivascular stroma and epicardial fat. Differences in actopstiance between the cer;r
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layers generally account for the “three-layer” appearance seen in the norsehiwelsof most patients b
IVUS. A “two-layer” coronary artery is seen in some patients, depending on the I¥ksiticer frequenqy
(<30 MHz), intimal thickness (<16@n), and collagen content of the media.

In diseased arteries, the differentiation between vessel wall componentebenone obscure and, depending
on the cellular composition of the atherosclerotic plaque, at least three plaquesatyfesdescribed.
Hypoechoic, or soft, plaques are echolucent compared with the EEM and indicate a high lipid(d€igtet-
30). IVUS has also been used to assess the changes in plaque volume after lipigrkinveapy(62] [63] and
has demonstrated that multiple plaques may develop simultaneous rupture in pateatsit@itvii[55]

FIGURE 20-30 Intravascular ultrasound (IVUS) characterizatiéplague morphologyA, A concentric “soft” plaque with concentric vesaelll
involvement is less echogenic than a fibrous plahaepresumably contains more collagenous comgsrnCalcification within the vessel is
characterized by a bright leading edge with eclopalut (acoustic shadowing) behind the calcificateomd may be focqlC) (arrows) or extensivéd)
(arrows). (Courtesy of Steven Nissen, MB,)Adjacent IVUS cross sections of a “vulnerable” g show a thin fibrous cap (long arrow) and a krg
lipid core (short arrow). (Courtesy of Gary MintdD.)

Thrombus within the vessel lumen often can be mistaken for soft plaque, but it can be distithgram
soft plaque by its mobility, lobular edges, and movement away from the vessel wall duringliae car
cycle. Fibrous plaques have brightness similar to that of the adventitia and cinsgitste higher content
of collagen and elastin. Calcified plaques are identified by their bright, echogempoments with acoustic
shadowing of the underlying vascular structures. A calcified plaque may be chaeaicéerisuperficial or
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deep and quantified by its circumferential extent (from 0 to 360 degrees) and by itsreptialile
millimeters).

IVUS studies in patients undergoing PCI have also demonstrated that coronary atlosisssieore
diffuse than appreciated using conventional angiography ( Fig. 20-31 ). In an IVUS series of 884
angiographically “normal” reference segments, only 6.8 percent wereffedieerosclerosis, with an aver
51 percent cross-sectional plaque area found proximal or distal to the target lesiBrstiMdi¢s have alsq
confirmed an earlier pathological finding of Glagov and colleagues, suggesting tbatdhary artery
undergoes “adaptive” remodeling, or vessel expansion, in most patients in the early stdggresiflarosi
maintaining a nonobstructive coronary lumen diameter (Figs. 20-32 and 20-33 [32] [33]; seleapls88C]).
Once the EEM has expanded by 40 percent, further accumulation of placyeaches on the arterial lun
Arterial constriction does occur in some patients, particularly diabetic gakienoause of “negative” arterjal
remodeling.

U7

FIGURE 20-31 Discordance between angiographic and intravasalti@sound (IVUS) findingsA, Angiographic imaging of the mid-portion of the
LADA shows only minor lumen irregularities withihe vessel. The arrows show the sites imaged irs @@stion by IVUS below. IVUS imaging of the
angiographically normal sit@) and the most normal aspg€) of the LADA. Note the substantial atherosclergizque within the wall of the
coronary artery that is not appreciated by angiglgya (Courtesy of Steven Nissen, MD.)
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FIGURE 20-32 Quantitative intravascular ultrasound (IVUS) measentsA, IVUS image obtained using a mechanical imagingsacerB, The
external elastic membrane is identified by the oaitele and the lumen cross-sectional area is destnated by the inner circléCourtesy of Gary
Mintz, MD.)C, IVUS cross-sectional image obtained using a phasealy catheterD, The external elastic membrane is identified byaer circle
and the lumen cross-sectional area is demonstriayetthe inner circle. (Courtesy of Steven Nissen,)MD
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FIGURE 20-33 Longitudinal intravascular ultrasound (IVUS) imagi Motorized “pull-back” IVUS allows reconstructiof the individual two-
dimensional cross-sectional imag@$ into a longitudinal display that characterizes¢beonary artery in three dimensiof®. (Courtesy of Peter
Fitzgerald, MD.)

USE OF INTRAVASCULAR ULTRASONOGRAPHY DURING PERCUTA NEOUS CORONARY INTERVENTION.

IVUS may be used for several purposes during RClo characterize baselipgaque composition, vessel s
and lesion accessibility to select the best single device or combination of deviB€d[2] ; to confirm (or
refute) angiographic estimates of stenosis severity, particularly in regifinslttb visualize using
conventional methods; and to assess anatomical results and detect complicatiahsgiddsections and
residual minimal cross-sectional area, after PCI. In general, a miniosalsectional area <4.0 manm a
native coronary artery and <7.0 mnmn the left main coronary artery suggest the presence of functionally
significant native vessel lesions.

VESSEL WALL CHANGES AFTER PERCUTANEOUS CORONARY INTE RVENTION.

IVUS provides unique insight into the dynamic changes that occur within the vessel waliGiftSequential
IVUS studies show that lumen renarrowing after balloon angioplasty and atherectolated teeboth arterial
remodeling and, to a lesser extent, intimal hyperplasia. In contrast to these finding§sstidies have also
shown that lumen renarrowing after stent implantation is primarily due to intimaighgpi@ within the axial
length of the stent or its border. (See Chap. 55) .

USE OF INTRAVASCULAR ULTRASOUND AFTER DRUG-ELUTING STENTS.

IVUS has been a critical tool in assessing the initial procedural rgsulgsd in quantifying the degree of
reduction of late (9-month) intimal hyperplasia in patients undergoing treatment ugtielditing stents7]

( Fig. 20-34 ). Nine-month percent intintayperplasia volume was reduced from 33.4% in patients treate
bare metal stents to 3.1% in patients treated with sirolimus-eluting $ent3.001)[58] and from 23.3% in
patients treated with bare metal stents to 7.8% in patients treated witbysa@iuting stent$:9] Suppressio
of intimal hyperplasia is genera uniform across the length of the d-eluting stent. Some have sugges
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that complete stent expansion is less critical in patients treated withldtungrstents due to the profound
reduction in intimal hyperplasigo]

FIGURE 20-34 Stent deployment and in-stent restenosis asséysetravascular ultrasound (IVUSA-D, Coronary stent apposed against the vessel wall
(B, arrow).E, IVUS Obtained in a patient who developed in-stestenosis, as assessed by the soft-shadowed lihyperplasia that obstructs the lumen.
F, Complete catheter entrapment with the soft intiaderplasia that results in stent resteno@@ourtesy of Gary Mintz, MD, and Neil Weissman, MD.

A unique finding in patients undergoing drug-eluting stent placement is the finding of lateatepposition,
in which stent struts are no longer adjacent to the vessel wall late followimtgraplantation ( Fig. 20-

35). [66] [70] Although the clinical implications of this finding are not knon, some cases of very late
drug-eluting stent thrombosis have been attributed to abnormal wedkkkaling and late stent malapposit
and extended follow-up studies are ongoing.
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FIGURE 20-35 Incomplete stent apposition. Intravascular ulteesb(IVUS) imaging after coronary stent deploymeéqgtExcellent angiographic result
after stent deployment (arrovB, Despite this initial angiographic result, the $t&inuts are not completely apposed against theelesll (arrow).
(Courtesy of Peter Fitzgerald, MD.)

LIMITATIONS OF INTRAVASCULAR ULTRASONOGRAPHY.

A number of factors have limited the widespread use of IVUS during PCI, includingtiti€esmbersome
setup for occasional IVUS users, the steep “learning curve” for “on-line” IMt#®pretation, and the
improved outcomes associated with routine use of stents. Current catheter-baSexy$téuns aralso limited
by their inability to assess lumen diameters less than 1.0 mm because of the sathatet “ring-down”
artifact, and the limited spatial resolution of a 30-MHz imaging transducer étlebispatial resolution, 80
mm; usual spatial resolution, 120 to 150 mm) makes IVUS detection of a “vulnerable” placgyehstm
problematic. Nevertheless, IVUS will remain useful for lesions difficulsgeas using conventional
angiography as these limitations are addressed with newer IVUS designs. IVU&gmyowerful research
tool for clinical trials, taking advantage of its ability to visualize the vesdébwavell as the lumen. Insights
into the efficacy of therapeutic interventions have already emerged from applicatiis tobl to clinical
trials.

Novel Invasive Imaging Modalities
OPTICAL COHERENCE TOMOGRAPHY.

Optical coherence tomography (OCT) is a novel catheter-based imaging modality théggoouss-sectional
imaging of coronary arteries at a high resolution (4 to 10 micrors$)y73] permitting plaque

characterization74] [75] and identification of the thickness of the fibrous cap ( Fig. 20-36 ; Table 20753 ).

[77] More recently, OCT has been used to assess early and late results in patientsngncergoary
intervention[69] Advantages of OCT include its high data acquisition rate, small (0.014 inch) guidewires and
catheters, and ability to be combined with adjuvant optical technifpges0] OCT also provides higher
resolution of plaque compared with IVU&] Its disadvantages are the need to eliminate blood from the
imaging field and the long time required to acquire the imagjeAlthough OCT images may give an

indication of the overall composition of large homogeneous signal-poor regions, such as lipici§iedt ca

areas, they could be unreliable in differentiating areas with heterogeneous campuositi

FIGURE 20-36 Invasive imaging using optical coherence tomogyg@CT).A, IVUS imaging of a stented region. This image shavgpical
visualization of the luminal border, vessel layensd bright presentation of stent struts withoetse detection of neointimal proliferatid®. OCT

imaging of a stented region. Focusing on the iwessel layer, OCT illustrates a very thin neointiar@a at follow-up, as well as the doubled stentin
markedly discriminating each stent strut. Segmeamymification demonstrating the high resolution @ T(insert). (Reproduced from Grube E, Gerckens
U, Buellesfeld L, Fitzgerald PJ: Images in cardiegalar medicine. Intracoronary imaging with optieaherence tomography: A new high-resolution
technology providing striking visualization in theronary artery. Circulation 106:2409-2410, 2002.)
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TABLE 20-13 -- Comparison of Noninvasive and Invasive Imaging Modalities for Detection of
Individual Characteristics of Vulnerable Plague

Imaging Fibrous |Lipid Current
Modality Resolution|Penetration|Cap Core [Inflammation |Calcium|Thrombus|Status
IVUS 100 m Good + ++ - +++ + CSI/ICA
Angioscopy |UK Poor + ++ - - +++ CSICA*]
OCT 10 m Poor +++ +++ |+ +++ + CS
Thermography|0.5 mm |Poor - - +++ - - CS
Spectroscopy |NA Poor + ++ ++ ++ - PCS
:\r/}g?vascular 160 m Good + ++ ++ ++ + PCS

Adapted from MacNeill BD, Lowe HC, Takano M, et al: Intravas« modalities for detection of vulnerable

plaque: Current status. Arteriosc Thromb Vasc Biol 23:1333-1342, 2003.

CA = clinically approved for commercial use; CS = clinical studies; PCSchmpoal studies; IVUS =
intravascular ultrasound, OCT = optical coherence tomography; MRI = magnetic resiomagiog; NA =
not applicable; UK = unknown. +++ >90% sensitivity; ++ 80-90% sensitivity; + = 50-80% sdgsHivi
<50%.

*  Clinically approved for commercial use in Japan.

INTEGRATED BACKSCATTER ANALYSIS (“VIRTUAL HISTOLOGY ).

This technology converts radiofrequency backscatter signals provided by IVUS into coldregidas to
characterize calcified, fibrofatty, calcified necrotic, and lipid-riclgp&( Fig. 20-37 )[83] [84] [85]
Although some have shown that the percentage of lipid core was significantly higher in patleatsute
coronary syndromes and that the percentage of fibrotic content was higher in patierisbhatargyina,
[77] others have found opposite findings using this technjitgleThese disparities underscore the need
careful prospective studies and analysis to correlate findings with virtuabigigtahd late clinical
outcome.

INTRACORONARY THERMOGRAPHY.

Inflamed atherosclerotic plaques have higher surface temperatures thatteavitdl the pathological
studies that find increased numbers of macrophages and decreased fibrous-cap.t&iekassgscoronary
temperature-mapping catheters have been developed and correlated with the rislcéwdiat events9]
as well as therapeutic responsiveness to lipid-lowering thesapy.

PALPOGRAPHY.

Intraarterial palpography assesses the local me-chanical propetigsiefusing the deformation cause
the intraluminal pressure and may permit the differentiation of fibrous and &ty t{see Fig. 20-37[»0]
[91] High-strain region can be determined using palpography and shows higher strain values imfatt
fibrous plaques, and is highly predictive for the presence of macrophages within the mengrdst,

identified by more high-strain spots in their coronary arteries than patientgatté angina[o0] [92]

COMPUTATIONAL FLOW DYNAMICS.

Variations in shear stress elicit markedly different metabolic respampasgiénts with CAD34] Areas of
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low shear stress may promote atherosclerosis, whereas areas of high esbearetent atherosclerosis hut
predispose to plaque rupture. A novel integrated, but reproducible, technique of assessingatstiete|
stress using a combination of intracoronary ultrasound and biplane coronary angiography has beer
developeds4] Using computational fluid dynamics, flow reversals, significant swirling, and large
variations of local velocity and shear stress can be measured within theantérgng-term outcome
studies assessing the clinical significance of these measurements are @tjoing.

FIGURE 20-37 Detection of atherosclerotic plague charactesgiging alternative invasive imaging modalitiésIntravascular ultrasound with virtual
histology (IVUS-VH) along a coronary vessel. IVU$4\¢ross-sectional areas in a representative patfewing the change in plaque composition
(calcium: white; fibrous: green; fibrolipidic: gneish-yellow; and lipid core: red) along the longiitoal axis of the vessel. The distance betweerthes-
sectional area and the ostium of the vessel istegén millimeters (mm)B. In vivo echogram (left panel), elastogram (centerd palpogram (right panel)
of a cross section in the left anterior descendiigry of a patient. The echogram reveals calcifiederial between noon and 3 o'clock. In this negio
very low strain value was assessed on both théoglasn and the palpogram (color-coded in re@). Reproduced from Valgimigli M, Malagutti P,
Rodriguez-Granillo G, et al: 3 Am Coll Cardiol 47[8530-1537, 2006B, Modified from Carlier SG, et al: Imaging of athererosis. Elastography. J

Cardiovasc Risk 9:237-245, 2002.)
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GUIDELINES Thomas H. Lee

Coronary Arteriography

The American College of Cardiology (ACC) and the American Heart AssociatioA)Atdt published
guidelines for coronary angiography in 1987 .These were updated in 1999, in collaboration with the
Society for Cardiac Angiography and Interventian Although these guidelines have not been revised
since then, recommendations for the use of coronary angiography are included in sevetaenore r
practice guidelines, including those for stable angéhainstable angina and non-ST-elevation myocardial
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infarction,[4] acute ST-elevation myocardial infarcti¢®, noncardiac surgery] heart failurej7] and
valvular diseasés] The text and tables that follow present an amalgam of recommendations from th
ACC/AHA coronary angiography guidelines and from more recent condition-specificiga&lel

As with other ACC/AHA guidelines, these use the standard ACC/AHA clastsaficsystem for
indications:

Classl:  Conditions for which there is evidence and/or general agreement that the testliangef
effective

Classll:  Conditionsfor which there is conflicting evidence and/or a divergence of opinion about
usefulness or efficacy of performing the test

Classlla: Weight of evidence or opinion is in favor of usefulness or efficacy.
Classllb: Usefulness or efficacy is less well established by evidence or opinion.

Classlll: Conditions for which there is evidence and/or general agreement that the test isui@ru
effective and in some cases may be harmful.

Three levels are used to rate the evidence on which recommendations have been based. Level A

are derived from a single randomized trial or nonrandomized studies, and level C recatns are
based on the consensus opinion of experts.

Coronary Arteriography in Asymptomatic Patients or Those with Stable Angina

The 1999 ACC/AHA guidelines do not support routine use of coronary angiography as a firdtlioe tg
asymptomatic patients, but consider angiography possibly appropriate (Class ll&gntspeith high-risk
criteria suggestive of ischemia on noninvasive testing ( Table 20G-1 ). Angiographylisinkiaated
(Class ) for patients with chest pain who have survived a sudden cardiac arrest,patigfdswvith known
chronic coronary disease who have disabling symptoms, high-risk criteria on noninvasige &estior
clinical evidence of heart failure (see Table 20G-1 ).

Coronary Arteriography in Patients with ST-Elevation Myocardial Infarction

The ACC/AHA guidelines on coronary angiograptiyand ST-elevation myocardial infarction (STENI)
do not recommend coronary angiography as a routine diagnostic tool for STEMI. However, coronat
angiography is strongly supported for patients eligible for primary or rescue percutan@omasycor
intervention (PCI), as well as those with cardiogenic shock or other structutialcciajury (e.g.,
ventricular septal rupture or severe mitral regurgitation) or other major catiqtis ( Table 20G-2 ).

Coronary Arteriography in Patients with Unstable Angina/Non-ST-Elevation Myocardial Infarction

Coronary angiography is not generally recommended as part of the routine evaluation for unstable
angina/non-ST-elevation myocardial infarction (UA/NSTEMI), but a low threslwoldrigiography is
endorsed as part of an early invasive strategy for patients with high-risk indicatbrassecurrent
symptoms of ischemia despite adequate medical therapy, high-risk noninvasiveulestaepressed left
ventricular (LV) systolic function, severe arrhythmia, and prior revasculanz@f able 20G-3 ).

Coronary Arteriography in Patients with Nonspecific Chest Pain

The 1999 ACC/AHA guidelines on coronary angiographyas well as the 2002 guidelines on
UA/NSTEMI, discourage use of coronary angiography for patients with nonspecific chreanhfess they
have high-risk findings on noninvasive testing. The guidelines do support angiography for patients
chest pain after cocaine use if ST segments remain elevated after niexigay { Table 20G-}1 Coronary
angiography is also endorsed for patients with clinical evidence of coronary spasm.

Coronary Arteriography for Patient Follow-Up

recommendations are derived from data from multiple randomized clinical kezd$ B recommendations

e 1999

the

sef
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Coronary angiography is not supported as part of routine follow-up of patients who have no change in
clinical status ( Table 20G-5 ), but it is supported for patients with markedtiomi$ of functional status
despite maximal medical therapy, or who have evidence of ongoing ischemia after exizatmuri
procedures.

Coronary Arteriography for the Evaluation and Assessment of Heart Failure

The 2005 ACC/AHA guidelines on heart failure recommend that clinicians proceed directly to corongry
angiography in patients who have heart failure or impaired LV function and clinical exideischemia
given the benefits of revascularization in this high-risk population ( Table 20G-6 ).i$lezaker support
for the use of angiography for patients with heart failure in the absence of clearetat chest pain,
because revascularization has not been shown to improve clinical outcomes in pétieuntsangina.

Coronary Arteriography in Patients with Valvular Disease

Coronary angiography for patients with valvular heart disease is generally used as aiprsiugery to
provide insight into whether the patient has coexisting coronary disease that might a@rcamitant
revascularization ( Table 20G-7 ). Cardiac catheterization is occasiorathgd to obtain hemodynamic
data, but advances in noninvasive testing have greatly reduced the role of catlwtdarz#tat purpose.
The ACC/AHA guidelines on valvular heart disease recommend preoperative coronagyapigy in mer
older than 35 years, premenopausal women older than 35 years with coronary risk factors, and
postmenopausal women who have symptoms of coronary artery disease (CAD) and/or LV dysfuncii
Routine coronary angiography is not indicategannger patients (younger than 45) undergoing surge
mitral regurgitation caused by mitral valve degeneration in the absence of symptomthant nek
factors.

Coronary Arteriography before and after Noncardiac Surgery

In general, indications for preoperative coronary angiography are similar to thoseaddntifine
nonoperative setting. The ACC/AHA guidelines on perioperative cardiovascular evafeatnoncardiac
surgery6] indicate that coronary angiography is an appropriate intervention for patients with kigh-ris
criteria on noninvasive testing, as well as those with angina symptoms that wouldt \wansideration of
revascularization, even if they were not candidates for noncardiac surgery ( Table.20G-8 )

Coronary Arteriography in Patients with Congenital Heart Disease

In patients with congenital heart disease, there are two main indicationsdoaigoangiography:
assessment of the hemodynamic impact of congenital coronary lesions and assesbmenesénce of
coronary anomalies that potentially could compromise the heart during correction ofooihenital heart
lesions ( Table 20G-9 ). The ACC/AHA guidelines indicate that it is prudent to peréoaonacy
angiography in patients being considered for repair of congenital heart diseaseaf &aufiemia on
noninvasive testing, or multiple coronary risk factors are present.

Other Uses of Coronary Arteriography
The ACC/AHA guideline®] recommend coronary angiography for patients with aortic aneurysm,

hypertrophic cardiomyopathy, and other conditions when knowledge of coronary artery involvement or the
presence of CAD is necessary ( Table 20G-10).
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TABLE 20G-1 -- ACC/AHA Recommendations for Coronary Arteriography in Asymptomatic Patents
or Those with Stable Angina

Indication

Class | (Indicated)

Class lla (Strong
Supportive Evidence)

Class lIb (Weak
Supportive
Evidence)

Class Il (Not
Indicated)

Establishing &
diagnosis in
patients with
suspected
angina or a
significant
change in
anginal

symptoms

Patients with know
or possible angina
pectoris who have
survived sudden
cardiac death (B)

Patients with an
uncertain diagnosis
after noninvasive
testing in whom the
benefit of a more
certain diagnosis
outweighs the risk

and cost of coronary

Patients with
recurrent
hospitalization
for chest pain
in whom a
definite
diagnosis is
judged

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht

Patients with
significant
comorbidity in

whom the risk of

coronary
arteriography
outweighs the
benefit of the
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angiography (C)

Patients who canno
undergo
noninvasive testing
because of
disability, illness, or
morbid obesity (C)

Patients with an
occupational
requirement for a
definitive diagnosis

(©)

Patients who by
virtue of young age
at onset of
symptoms,
noninvasive
imaging, or other
clinical parameters
are suspected of
having a
nonatherosclerotic
cause for
myocardial
ischemia (e.qg.,
coronary artery
anomaly, Kawasaki
disease, primary
coronary artery
dissection,
radiation-induced
vasculopathy) (C)

Patients in whom
coronary artery
spasm is suspected
and provocative
testing may be
necessary (C)

Patients with a high
pretest probability
of left main or
three-vessel CAD

(©)

necessary (C)

Patients with
an overriding
desire for a
definitive
diagnosis and 3
greater than
low probability
of CAD (C)
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procedure (C)

Patients with an
overriding
personal desire
for a definitive
diagnosis and a
low probability
of CAD (C)

Risk
stratification
in patients
with chronic
stable angina

Patients with
disabling
(Canadian
(CCS classes
[l and V)
chronic stable
angina, despitg
medical
therapy (B)

Patients with

Patients with
significant left
ventricular
dysfunction
(ejection fraction
less than 45%),
CCSclass lor I
angina, and
demonstrable
ischemia but less

than high-risk

Patients with
CCSclass | or
Il angina,
preserved LV
function
(ejection
fraction more
than 45%), and
less than high-
risk criteria on
noninvasive
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Patients with
CCSclass | or I
angina who
respond to
medical therapy
and who have no

evidence of
ischemia on
noninvasive
testing (C)
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high-risk
criteria on
noninvasive
testing
regardless of
anginal
severity (B)

Patients with
angina who
have survived
sudden cardiaq
death or

criteria on

noninvasive testing

©)

Patients with
inadequate
prognostic
information after

noninvasive testing

(©)

testing (C)

Patients with
CCSclass Il
or IV angina,
which
improves with
medical
therapy to clasy
[orll (C)

Patients with
CCSclass | or
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Patients who
prefer to avoid
revascularization

(©)

symptoms an
antianginal
therapy

langiography in
patients with
marked limitation
of ordinary activity
(CCS class 11I),
despite maximal
medical therapy (C

. [l angina but
\S/E;:?r?csular intolerance
) (unacceptable
arrhythmia (B) side effects) to
Patients with adequate
angina and medical
symptoms and therapy (C)
signs of HF
(©)
Patients with
clinical
characteristics
that indicate a
high
likelihood of
severe CAD
(©)
Risk Patients with high-risk Patients with | Patients who prefer tq
stratification criteria suggesting inadequate avoid
in ischemia on noninvasivg prognostic revascularization (C)
asymptomatia testing (C) information
patients after
noninvasive
testing (C)
Patients with
clinical
characteristics
that indicate a
high likelihood
of severe CAD
(€)
Monitoring of | Coronary

From Gibbons RJ, Abrams J, Chatterjee K, et al: ACC/AHA 2002 gui update for the management of
patients with chronic stable angina: A reporithe American College of Cardiology/American Heart

Association Task Force practice guidelines (Committee on the Management of Patients With Chronic Stab

Angina). J Am Coll Cardiol 41:159, 20(
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ACC = American College of Cardiology; AHA = American Heart Association; GAdronary artery
disease; CCS = Canadian Cardiovascular Society; HF = heart failure.

TABLE 20G-2 -- ACC/AHA Recommendations for Coronary Arteriography in Patients with ST-
Elevation Myocardial Infarction

Class lIb (Weak

be performed in
patients with
spontaneous episodes
of myocardial
ischemia or episodes
of myocardial
ischemia provoked by
minimal exertion
during recovery from
STEMI (A)

Coronary
arteriography should

be performed for

arteriography when
STEMI is suspected
to have occurred by
mechanism other
than thrombotic
occlusion of an
atherosclerotic
plaque, including
coronary embolism,
certain metabolic or
hematological
diseases, or

coronary artery

Class lla (Strong Supportive Class Il (Not
Indication |[Class | (Indicated) Supportive Evidence) |Evidence) Indicated)
Diagnosis of Diagnostic Coronary
STEMI coronary angiography
angiography should not be
should be performed in
performed: patients with
. extensive
a. In_ candidates for comorbidities in
percutaneous revascularization
coronary likely to outweigh
intervention (A) benefits (C)
In patients with
cardiogenic shock
who are candidate$
for
revascularization
(A)
In candidates for
surgical repair of
VSR or severe
mitral regurgitation|
(B)
In patients with
persistent
hemodynamic
and/or electrical
instability (C)
Treatment of STEMI (see “Guidelines,” Chap. 52)
Hospital Coronary Catheterization |Coronary
management  apteriography should Reasonable to and arteriography
of STEMI perform coronary |revascularization|should not be

may be considerq
as part of strategy
of routine
coronary
arteriography for
risk assessment
after fibrinolytic
therapy (B)
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performed in
survivors of
STEMI thought
not to be
candidates for
coronary
revascularization

(A)
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intermediate- or high-
risk findings on
noninvasive testing
after STEMI (B)

Coronary
arteriography should
be performed if the
patient is sufficiently
stable before definitive
therapy of a
mechanical
complication of
STEMI, such as acute
mitral regurgitation,
VSR,
pseudoaneurysm, or
LV aneurysm (B)

Coronary
arteriography should
be performed in
patients with persistengt
hemodynamic
instability (B)

Coronary
arteriography should
be performed in
survivors of STEMI
who had clinical heart
failure during the acut
episode but
subsequently
demonstrated well-
preserved LV function

(©

spasm (C)

Coronary
arteriography is
reasonable in
STEMI patients
with any of the
following: diabetes
mellitus, LV
ejection fraction les
than 0.40,
congestive heart
failure, prior
revascularization, of
life-threatening
ventricular
arrhythmias (C)
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From Antman EM, Anbe DT, Armstrong PW, et al: ACC/AHA guidelines 1 management of patients with
ST-elevation myocardial infarction: A report of the American College of Cardiologyléanddeart

Association Task Force on Pract Guidelines (Committee to Revise the 1999 Guidelines for the Managemen

of Patients with Acute Myocardial Infarction). Circulation 110:e82, 2004.

ACC = American College of Cardiology; AHA = American Heart Association; GAfdronary artery
disease; CCS = Canadian Cardiovascular Society; HF = heart failure;

LV = left ventricular; STEMI = ST-elevation myocardial infarction; VSRentricular septal rupture.

TABLE 20G-3 -- ACC/AHA Recommendations for Coronary Arteriography in Patients with Non-ST-
Elevation Myocardial Infarction

strategy in patients

strategy in patients

Class llIb
(Weak
Class lla (Strong Supportive |Class Il (Not
Indication Class | (Indicated) Supportive Evidence) |Evidence) |Indicated)
Management . . . _
of An early invasive An early invasive Coronary
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UA/NSTEMI

with UA/NSTEMI
and any of the
following high-risk
indicators (A):

Recurrent angina of
ischemia at rest or
with low-level
activities despite
intensive anti-
ischemic therapy

Elevated TnT or
Tnl level

New or presumably
new ST segment
depression

Recurrent
anginal/ischemia
with CHF
symptoms, an $

gallop, pulmonary
edema, worsening
rales, or new or
worsening MR

High-risk findings
on noninvasive
stress testing

Depressed LV
systolic function
(e.g., EF less than
0.40 on
noninvasive study)

Hemodynamic
instability

Sustained
ventricular
tachycardia

PCI within 6
months

Prior CABG

In the absence of
these findings,
either an early
conservative or an
early invasive
strategy in
hospitalized
patients without
contraindications
for
revascularization

(B)

with repeated
presentations for
ACS despite
therapy and
without evidence
for ongoing
ischemia or high
risk (C)

Coronary
angiography in
patients who will
not consent to
revascularization,
regardless of the
findings (C)

patients with
extensive
comorbidities (e.g.
liver or pulmonary
failure, cancer), in
whom the risks of
revascularization
are not likely to
outweigh the
benefits (C)

Coronary
angiography in
patients with acute
chest pain and a
low likelihood of
ACS (C)
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Postdischarg
follow-up

HPatients managed initially
with a conservative strateg
who experience recurrent
unstable angina or severe

(CCS class 1lI) chronic

stable angina despite medi

management who are

suitable for revascularizatid

(B)

n
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From Braunwald E, Antman EM, Beasley JW, et al: ACC/AHA guidelin the management of patients with
unstable angina and non-ST-segment elevation myocardial infarction. A report of the Americga Gllle

Cardiology/American Heart Association Task Force on Practice Guidelines (Gmarmon the Managemeot
Patients With Unstable Angina). J Am Coll Cardiol 36:970, 2

ACC = American College of Cardiology; ACS = acute coronary syndrome; AHA = Amdreart
Association; CABG = coronary artery bypass grafting; CAD = coronary arterysdise€S = Canadian
Cardiovascular Society; CHF = congestive heart failure; EF = ejectioiofraMR = mitral regurgitation; LV
= left ventricular; PCI = percutaneous coronary intervention; Tnl = troponin I; TnT =niropo

UA/NSTEMI = unstable angina/non-ST-elevation myocardial infarction.

TABLE 20G-4 -- ACC/AHA Recommendations for Coronary Arteriography in Patients with
Nonspecific Chest Pain

Class lla (Strong

after cocaine
usef]

arteriography, if
possible, when ST
segments remain
elevated after
nitroglycerin and
calcium antagonists;
thrombolysis (with or
without PCI) if
thrombus is detected ((

arteriography, if
available in patients
with ST segment
depression or
isolated T wave
changes not known
to be old and who
are unresponsive to
Chitroglycerin and
calcium antagonists

(®)

Supportive Class lIb (Weak Class 11l (Not
Indication Class | (Indicated) Evidence) Supportive Evidence) Indicated)
General*] High-risk findings on Patients with recurrent | All other
noninvasive testing (B) hospitalizations for chest| patients with
pain who have abnormal|nonspecific
(but not high-risk) or chest pain (C)
equivocal findings on
noninvasive testing (B)
Chest pain Immediate coronary |Coronary Coronary

arteriography in
patients with
chest pain
without ST-T
wave changes

(©)

Variant
(Prinzmetal)
angingt]

Coronary arteriography
in patients with episodi
chest pain and ST
segment elevation that
resolves with
nitroglycerin and/or
calcium antagonists (B

Provocative testing
lin patients with a
nonobstructive

Provocative testing
without coronary
arteriography (C)

lesion on coronary
arteriography,
clinical picture of
coronary spasm, an
transient ST segme
elevation (B)

In the absence of
significant CAD on
oronary arteriography,
%rovocative testing with
ethylergonovine,
acetylcholine, or
methacholine when
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Provocative
testing in
patients with
high-grade
obstructive
lesions on
coronary
arteriography
(B)
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coronary spasm is

suspected but there is nd
evidence on the ECG of
transient ST segment

elevation (C)

Pégina70 de83

Cardiac
syndrome X,
coronary
microvascular
diseaséf]

If ECGs are not
available during chest
pain and coronargpasn
cannot be ruled out,
coronary arteriography
and provocative testing
with methylergonovine,
acetylcholine, or
methacholine (C)

ACC = American College of Cardiology; AHA = American Heart Association; GAfdronary artery
disease; ECG = electrocardiogram; PCI = percutaneous coronary intervention.

* From Scanlon PJ, Faxon DP, Audet AM, et al: ACC/AblfAidelines for coronary angiography: executive siary and recommendations. A report of the
American College of Cardiology/American Heart Asation Task Force on Practice Guidelines (CommitteeCoronary Angiography) developed in
collaboration with the Society for Cardiac Angioging and Interventions. Circulation 99:2345, 1999.

1 From Braunwald E, Antman EM, Beasley JW, et al: AGKEA 2002 guideline update for the management ¢igpés with unstable angina and non-ST-
segment elevation myocardial infarction—summanyckatiA report of the American College of Cardiolégsnerican Heart Association task force on

practice guidelines (Committee on the ManagemeRatients With Unstable Angina). J Am Coll Cardi6t1366, 2002.

TABLE 20G-5 -- ACC/AHA Recommendations for Coronary Arteriography for Patient Follow-Up

Indication

Class | (Indicated)

Class lla (Strong
Supportive
Evidence)

Class lIb (Weak
Supportive
Evidence)

Class 11l (Not
Indicated)

Monitoring of
symptoms and
antianginal therapy
[*]

Coronary
angiography in
patients with marked
limitation of ordinary
activity (CCS class
[Il) despite maximal
medical therapy (C)

Repeat coronary
angiography in
patients with no
change in clinical
status, no change
repeat exercise te
or stress imaging;
insignificant coror
artery disease on
initial evaluation (

After coronary arter
bypass grafting
(CABGQG) in patients
with UA/INSTEMI
[T]

Maintain a low
threshold for
angiography,
given the many
anatomical
possibilities that
might be
responsible for
recurrent
ischemia (B)

Patients
managed
initially with a
conservative
strategy who
experience
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recurrent
unstable angina
or severe (CCS
class Ill) chronic
stable angina,
despite medical
management,
who are suitable
for
revascularizatio
should undergo

Pégina71 de83

for unprotected
left main
coronary
obstructions,
coronary
angiography
follow-up
between 2 and 6
months after
PClis
reasonable (C)
(8]

occurring >1

yr
postoperativel
©
Asymptomatic
postbypass
patient in
whom a
deterioration ir
serial
noninvasive
testing has
been
documented
but who is not
at high risk on
noninvasive
testing (C)

coronary
arteriography
(B)
Postrevascularizatic Suspected Recurrent Asymptomatic Symptoms in
ischemia] abrupt closure o symptomatic post-PTCA postbypass
subacute stent ischemia within patient patient who is
thrombosis after 12 months of suspected of not a candida
percutaneous coronary artery having for repeat
revascularizatio bypass graft (B) restenosis revasculariza
(B) Noninvasive Wlthlg] theftflrst ©
Recurrent evidence of ?nor;o slzaaster Routine
angina or high- high-risk criteria b giop ¥ N angiography i
risk criteria on at any time Ecause IO a asymptomatic
noninvasive postoperatively {rj\lozi?lr\r/giive patients after
evaluation (see (B) test result but PTCA or othe
Table 20-G1) . surgery,unles
"y Recurrent without

within 9 months - : . as part of an

angina noninvasive
of percutaneous : A approved

A inadequately high-risk

revascularizatior N research
©) controlled by criteria (B) rotocol (C)

medical means P

Recurrent
after : ithout
revascularizatio angina withou
high-risk

©) criteria on

For patients noninvasive

undergoing PCI testing
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ACC = American College of Cardiology; AHA = American Heart Association; EGCanadian
Cardiovascular Society; ECG = electrocardiogram; PCI = percutaneous cordeargntion; PTCA =
percutaneous transluminal coronary angioplasty; UA/NSTEMI = unstable angina/nelev@lion
myocardial infarction.

* From Gibbons RJ, Abrams J, Chatterjee K, et al: MG 2002 guideline update for the management diepés with chronic stable angina—summary

article: A report of the American College of Caldigy/American Heart Association Task Force on pcaaguidelines (Committee on the Management of

Patients With Chronic Stable Angina). J Am Coll @al41:159, 2003.

1 From Braunwald E, Antman EM, Beasley JW, et al: AGKEA 2002 guideline update for the management ¢igpés with unstable angina and non-ST-
segment elevation myocardial infarction—summariglartA report of the American College of Cardiojé@merican Heart Association task force on
practice guidelines (Committee on the ManagemeRatients With Unstable Angina). J Am Coll Cardi6t1366, 2002.

1+ From Scanlon PJ, Faxon DP, Audet AM, et al: ACC/Abifidelines for coronary angiography: executive sy and recommendations. A report of the

American College of Cardiology/American Heart Asation Task Force on Practice Guidelines (CommitteeCoronary Angiography) developed in
collaboration with the Society for Cardiac Angioging and Interventions. Circulation 99:2345, 1999.

§ From Smith SC, Jr., Feldman TE, Hirshfeld JW JgleACC/AHA/SCAI 2005 guideline update for peraué@us coronary intervention: A report of the
American College of Cardiology/American Heart Asation Task Force on Practice Guidelines (ACC/AHB/8 Writing Committee to Update the
2001 Guidelines for Percutaneous Coronary IntereeptJ Am Coll Cardiol 47:e1, 2006.

TABLE 20G-6 -- ACC/AHA Recommendations for Initial and Serial Clinical Assessrant of Patients
Presenting with Heart Failure

Level of
Class Indication Evidence
Class | Coronary arteriography should be performed in patients presenting with|BF
(indicated) who have angina or significant ischemia unless the patient is not eligiblg for

revascularization of any kind.

Class lla (weak |Coronary arteriography is reasonable for patients presenting with HF wh&
supportive have chest pain that may or may not be of cardiac origin who have not tad
evidence) evaluation of their coronary anatomy and who have no contraindicationg to
coronary revascularization.

Coronary arteriography is reasonable for patients presenting with HF wh&
have known or suspected coronary artery disease but who do not have pngina
unless the patient is not eligible for revascularization of any kind.

From Hunt SA, Abraham WT, Chin MH, et al: ACC/AHA 2005 guideline L for the diagnosis and
management of chronic heart failure in the adult. Circulation 112: e154, 2005.

ACC = American College of Cardiology; AHA = American Heart Association; Hieart failure.

TABLE 20G-7 -- ACC/AHA Recommendations for Coronary Arteriography in Patients with Valvular
Disease

Class lla
(Strong
Supportive Class llIb (Weak
Evidence) Supportive
Class | (Indicated) [Level |[[Level of Evidence) [Level|Class Ill (Not Indicated)
Indication |of Evidence] Evidence] of Evidence] [Level of Evidence]
Aortic Coronary angiograph .
stenosis (AS] recommgndegd I?efc?rey Cardiac
AVR for patients with catheterlzathn for
AS at risk for CAD [B] hemodynamic
measurements not
Cardiac catheterizatior recommended for
for hemodynamic assessment of severify
measurements of AS before AVR
recommended for when noninvasive

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht 16/10/200:




MD Consult: Books: Libby: Braunwald's Heart Disease: A Textbook of Cardiovadda... Pagina73 de83

assessment of severit)l
of AS for symptomatic
patients when
noninvasive tests are
inconclusive or when
there is discrepancy
between noninvasive
tests and clinical
findings regarding
severity of AS [C]

Coronary angiography
recommended before
AVR for patients with
AS for whom a
pulmonary autograft
(Ross procedure) is
contemplated and if
origin of coronary
arteries was not
identified by
noninvasive technique
[C]

tests are adequate and

concordant with
clinical findings [C]

Cardiac
catheterization for
hemodynamic
measurements not
recommended for
assessment of LV
function and severity
of AS in

asymptomatic patientg

[C]

Aortic
regurgitation
(AR)

Cardiac catheterizatior
with aortic root
angiography and
measurement of LV
pressure indicated for
assessment of severity
of regurgitation, LV
function, or aortic root
size when noninvasive
tests are inconclusive
or discordant with
clinical findings in
patients with AR [B]

Coronary angiography
indicated before AVR
for patients at risk for
CAD [C]

Cardiac
catheterization with
aortic root
angiography and
measurement of LV
pressure not indicateq
for assessment of LV
function, aortic root
size, or severity of
regurgitation before
AVR when
noninvasive tests are
adequate and
concordant with
clinical findings and
coronary angiography
is not needed [C]

Cardiac
catheterization with
aortic root
angiography and
measurement of LV
pressure not indicateq
for assessment of LV
function and severity
of regurgitation for

asymptomatic patientg

when noninvasive
tests are adequate [C

Mitral
regurgitation
(MR)
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Left ventriculography
and hemodynamic
measurements

Left ventriculography and

hemodynamic

measurements not indicat

for patients with MR in

~d
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indicated when
noninvasive tests are
inconclusive regarding
severity of MR, LV
function, or need for
surgery [C]

Hemodynamic
measurements
indicated when
pulmonary artery
pressure is out of
proportion to severity
of MR as assessed by
noninvasive testing [C]

Left ventriculography
and hemodynamic
measurements
indicated when there ig
a discrepancy betweer
clinical and
noninvasive findings
regarding severity of
MR [C]

Coronary angiography
indicated before mitral
valve repair or mitral
valve replacement for
patients at risk for
CAD [C]

whom valve surgery is nof
contemplated [C]

Pégina74 de83

Diagnosis of
concurrent
coronary
artery
disease
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Coronary angiography
indicated before valve
surgery (including
infective endocarditis)
or mitral balloon
commissurotomy for
patients with chest
pain, other objective
evidence of ischemia,
decreased LV systolic
function, history of
CAD, or coronary risk
factors (including age)
Patients undergoing
mitral balloon
valvotomy need not
undergo coronary
angiography solely on
basis of coronary risk
factors [C]

Coronary angiography
indicated for patients
with apparently mild to
moderatevalvular hear
disease but with

Surgery withou
coronary
angiography
reasonable for
patients having
emergency
valve surgery
for acute valve
regurgitation,
aortic root
disease, or
infective
endocarditis [C

| Coronary

angiography may
be considered fo
patients
undergoing
catheterization td
confirm severity
of valve lesions
before valve
surgery without
preexisting
evidence of CAD
multiple coronaryj
risk factors, or
advanced age [C

Coronaryangiography
not indicated for
young patients
undergoing
nonemergency valve
surgery when no
further hemodynamic
assessment by
catheterization is
deemed necessary af
there are no coronary
risk factors, no history
of CAD, and no
evidence of ischemia
[C]

Patients should not
undergo coronary
angiography before
valve surgery if
severely
hemodynamically
unstable [C]
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progressive angina
(Canadian Heart
Association functional
class Il or greater),
objective evidence of
ischemia, decreased
LV systolic function,
or overt congestive
heart failure [C]

Coronary angiography
should be performed
before valve surgery in
men 35 yr or older,
premenopausal women
35 yr or older who
have coronary risk
factors, and
postmenopausal

women [C]
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From Bonow RO, Carabello BA, Kanu C, et al: ACC/AHA 2006 guidelin the management of patients v
valvular heart disease: a report of the American College of Cardiology/American Bgsotiation Task
Force on Practic Guidelines (writing committee to revise the 1998 Guidelines for the Managehiatients
With Valvular Heart Disease): Developed in collaboration with the Society of Cardioaascul

Anesthesiologists: endorsed by the Sociel Cardiovascular Angiography and Interventions and the Society

of Thoracic Surgeons. Circulation 114:e84, 2006.

ACC = American College of Cardiology; AHA = American Heart Association; A/&ortic valve
replacement; CAD = coronary artery disease; HF = heart failure; LM wdefricular.

TABLE 20G-8 -- ACC/AHA Recommendations for Coronary Arteriography before and after

Noncardiac Surgery

unresponsive to
adequate medical
therapy

Unstable angina,
particularly when
facing
intermediate- or
high-risk
noncardiac surgery

Equivocal
noninvasive test

file://C:\Documents and Settings\nandoest\Configién loca\Temp\~hh9837.ht

first)

Moderate to large
region of ischemia on

noninvasive testing buf

without high-risk
features and without
lower LVEF

Nondiagnostic,
noninvasive test result]
in patients of
intermediate clinical

Class IIb
(Weak
Class lla (Strong Supportive
Class | (Indicated) Supportive Evidence) Evidence) Class Il (Not Indicated)

Evidence for high Multiple markers of ~|Medically Low-risk noncardiac surgery
risk of adverse intermediate clinical |Stabilized class with known CAD and no
outcome based on risk and planned Il or IV angina high-risk results on
noninvasive test vascular surgery f‘nd plfi\(nned noninvasive testing
results (noninvasive testing rﬂmglrssu?éery Asymptomatic after coronary
Angina shauld be considered revascularization with

v)

excellent exercise capacity
(17 METS)

Mild stable angina with good
left ventricular function and
no high-risk noninvasive tesf
results

Noncandidate for coronary
revascularization because o
concomitant medical illness,
severe left ventricular
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results in patients risk undergoing high- dysfunction (e.g., LVEF less
at high clinical risk risk noncardiac surgery than 0.20), or refusal to
undergoing high- consider revascularization

: Urgent noncardiac
risk surgery

surgery while Candidate for liver, lung, or
convalescing from renal transplantation older
acute Ml than 40 yr, as part of

evaluation for
transplantation, unless
noninvasive testing reveals
high risk for adverse outcomle

From Eagle KA, Berger PB, Calkins H, et al: ACC/AHA guideline upda perioperative cardiovascular
evaluation for noncardiac surgery—executive summary: A report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (CaarutUpdate the 1996
Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). J Am ColbCa8db42,
2002.

ACC = American College of Cardiology; AHA = American Heart Association; GAfdronary artery
disease; LVEF = left ventricular ejection fraction; METs = metabolicvadgmts; MI = myocardial infarction.

TABLE 20G-9 -- ACC/AHA Recommendations for Coronary Arteriography in Patients with
Congenital Heart Disease

Class lla (Strong Class llb (Weak Class Il (Not
Class | (indicated) Supportive Evidence) |Supportive Evidence) |Indicated)
Before surgical correction | Before corrective openDuring left-heart In routine evaluation
of congenital heart diseasgheart surgery for catheterization for of congenital heart
when chest discomfort or |congenital heart hemodynamic assessmgulisease in
noninvasive evidence disease in an adult  |of congenital heart diseglasymptomatic patien{s
suggests associated CAD |Whose risk profile  fin an adult in whom the |for whom heart
(©) increases the likelihodrisk of coronary disease jsurgery is not plannep
of coexisting coronaryfnot high (C) ©

Before surgical correction | gisease (C)
of suspected congenital
anomalies such as
congenital coronary artery
stenosis, coronary
arteriovenous fistula, and
anomalous origin of left
coronary artery (C)

Forms of congenital heart
disease frequently
associated with coronary
artery anomalies that may
complicate surgical
management (C)

Unexplained cardiac arres
in a young patient [B]

From Scanlon PJ, Faxon DP, Audet AM, et al: ACC/AHA guidelint coronary angiography: executive
summary and recommendations. A report of the American College of Cardiology/Americanddearatton
Task Force on Practice Guidelines (Committee on Coronary Angiography) developed in coltabaitttithe
Society for Cardiac Angiography and Interventions. Circulation 99:2345, 1999.

ACC = American College of Cardiology; AHA = American Heart Association; GAfdronary artery
disease.
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TABLE 20G-10 -- ACC/AHA Recommendations for Other Uses of Coronary Arteriography
Class | (Indicated)

Diseases affecting the aorta when knowledge of the presence or extent of coronamvatiggment is
necessary for management (e.g., aortic dissection or aneurysm with known CAD) (B)
Hypertrophic cardiomyopathy with angina, despite medical therapy, when knowledge of coronary an:
might affect therapy (C)

Hypertrophic cardiomyopathy with angina when heart surgery is planned (B)

\tom

Class lla (Strong Supportive Evidence)

High risk for coronary disease when other cardiac surgical procedures are planned (eagdigeomy or
removal of chronic pulmonary emboli) (C)

Prospective immediate cardiac transplant donors whose risk profile inctleasi&slihood of coronary
disease.(B)

Asymptomatic patients with Kawasaki disease who have coronary artery aneurysrheaardtography (B
Before surgery for aortic aneurysm/dissection in patients without known coronaryediseas

Recent blunt chest trauma and suspicion of acute myocardial infarction, without evidgneexisting CAD

(©)

From Scanlon PJ, Faxon DP, Audet AM, et al: ACC/AHA guidelint coronary angiography: executive
summary and recommendations. A report of the American College of Cardiology/Americanddearatton
Task Force on Practice Guidelines (Committee on Coronary Angiography) developed in coltabaitttithe
Society for Cardiac Angiography and Interventions. Circulation 99:2345, 1999.

ACC = American College of Cardiology; AHA = American Heart Association; GAfdronary artery
disease.
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