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ObjectivesObjectives

�� review of coronary anatomyreview of coronary anatomy

�� coronary imagingcoronary imaging

�� current indications for coronary intervention (PCI)current indications for coronary intervention (PCI)

�� basics of carotid angiographybasics of carotid angiography

�� current indications for carotid artery current indications for carotid artery stentingstenting (CAS)(CAS)

�� basic peripheral artery anatomy and angiographybasic peripheral artery anatomy and angiography

�� current guidelines for  current guidelines for  percutaneouspercutaneous peripheral peripheral 
interventionintervention



Coronary AnatomyCoronary Anatomy

�� EpicardialEpicardial tree lies in 2 primary planestree lies in 2 primary planes
–– AtrioAtrio --Ventricular planeVentricular plane

�� LAD and PDALAD and PDA

–– InterventricularInterventricular planeplane

�� CX and RCACX and RCA



Coronary AnatomyCoronary Anatomy

�� Most important to know normal coronary anatomy and Most important to know normal coronary anatomy and 
normal variantsnormal variants



Normal Coronary AnatomyNormal Coronary Anatomy

�� Left main Left main –– arises from the arises from the 
superior portion of the left superior portion of the left 
aortic sinus, just below the aortic sinus, just below the 
sinotubularsinotubular ridge of the aortaridge of the aorta
–– Subsequently bifurcates or Subsequently bifurcates or 

trifurcatestrifurcates



Normal Coronary AnatomyNormal Coronary Anatomy

�� LAD LAD –– courses along the courses along the 
anterior anterior interventricularinterventricular
groove toward the cardiac groove toward the cardiac 
apexapex
–– Normal variant Normal variant –– ““ twintwin ”” LAD LAD 

with a branch (often with a branch (often 
intramyocardialintramyocardial ) supplying ) supplying 
the the septalsseptals and a branch and a branch 
supplying diagonalssupplying diagonals



Normal coronary anatomyNormal coronary anatomy

�� Left Circumflex Left Circumflex –– originates from the left main and originates from the left main and 
courses within the posterior AV groovecourses within the posterior AV groove
–– Typically supplies 1Typically supplies 1 --3 obtuse marginal branches depending on 3 obtuse marginal branches depending on 

the size of the the size of the posterolateralposterolateral branchesbranches
–– Sinus node branch Sinus node branch –– arise 60% from RCA and as a left arise 60% from RCA and as a left atrialatrial

branch of the CX in 40%branch of the CX in 40%
–– Left dominance CX supplies the PLV, PDA and AV noda l arteryLeft dominance CX supplies the PLV, PDA and AV noda l artery
–– High marginal branch at left LAD/circumflex bifurca tion called High marginal branch at left LAD/circumflex bifurca tion called 

““ ramusramus intermediusintermedius ””



Normal coronary anatomyNormal coronary anatomy

�� RCA RCA –– originates from originates from 
the right anterior aortic the right anterior aortic 
sinus somewhat inferior sinus somewhat inferior 
to the origin of the left to the origin of the left 
coronary artery.  It coronary artery.  It 
passesspassess along the right along the right 
AV grooveAV groove
–– First branch is typically First branch is typically 

the the conusconus (supplies RVOT, (supplies RVOT, 
AVnodalAVnodal artery typically artery typically 
present in right dominant present in right dominant 
arteries)arteries)

–– Second branch is typically Second branch is typically 
the the sinoatrialsinoatrial branch branch 

–– Terminates in the PDA and Terminates in the PDA and 
PLVPLV



Normal coronary anatomyNormal coronary anatomy

�� Coronary DominanceCoronary Dominance
–– Defined by whether the LCA or the RCA supplies the PDA.  Defined by whether the LCA or the RCA supplies the PDA.  

–– RCA is dominant 85% of the timeRCA is dominant 85% of the time

–– LCA is dominant 8%LCA is dominant 8%

–– Balanced dominance 7% Balanced dominance 7% --RCA that supplies the PDA with a CX RCA that supplies the PDA with a CX 
that supplies the PLV is a balanced or that supplies the PLV is a balanced or ““ codominantcodominant ””
circulation.circulation.



Left Coronary AnatomyLeft Coronary Anatomy
LAO CranialLAO Cranial



Left Coronary AnatomyLeft Coronary Anatomy
RAO CranialRAO Cranial



Left Coronary AnatomyLeft Coronary Anatomy
LAO CaudalLAO Caudal









ACC/AHA/SCAI PCI GuidelinesACC/AHA/SCAI PCI Guidelines
2007 Focused Update2007 Focused Update

J Am Coll Cardiol, 2008; 51:172-209



ACC/AHA/SCAI PCI GuidelinesACC/AHA/SCAI PCI Guidelines
2007 Focused Update2007 Focused Update

� patients with unstable angina/non–ST elevation myocardial 
infarction

� facilitated PCI 
� rescue PCI
� PCI After fibrinolysis or for patients not undergoing primary 

reperfusion
� ancillary therapy for patients undergoing PCI for STEMI
� anti-platelet therapy
� bare-metal and drug-eluting stents
� secondary prevention



J. Am. Coll. Cardiol. 2009;53;530-553
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Appropriateness Ratings by Low-Risk Findings on 
Noninvasive Imaging Study and Asymptomatic (Patient s 

Without Prior Bypass Surgery)
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Appropriateness Ratings by Intermediate-Risk Findin gs on 
Noninvasive Imaging Study and CCS Class I or II Ang ina 

(Patients Without Prior Bypass Surgery)
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Appropriateness Ratings by High-Risk Findings on 
Noninvasive Imaging Study and CCS Class III or IV A ngina 

(Patients Without Prior Bypass Surgery)
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Method of Revascularization of Advanced Coronary Ar tery 
Disease



AHA/ACC/SCAI/ACS/ADA AHA/ACC/SCAI/ACS/ADA 
Scientific advisoryScientific advisory

�� Before implanting a stent,Before implanting a stent, physicians should discuss the need for physicians should discuss the need for 
dual antiplatelet therapydual antiplatelet therapy . In patients not expected to comply with 12 . In patients not expected to comply with 12 
months of thienopyridine therapy, whether for econo mic or other months of thienopyridine therapy, whether for econo mic or other 
reasons, strong consideration should be given to av oiding a DESreasons, strong consideration should be given to av oiding a DES

�� For patients undergoing PCI who are likely to requi re invasive oFor patients undergoing PCI who are likely to requi re invasive o r r 
surgical procedures within the next 12 monthssurgical procedures within the next 12 months , consideration , consideration 
should be given to implantation of a bare metal ste nt or performshould be given to implantation of a bare metal ste nt or perform ance ance 
of balloon angioplasty with provisional stent impla ntation insteof balloon angioplasty with provisional stent impla ntation inste ad of ad of 
the routine use of a DES the routine use of a DES 

�� A greater effort by healthcare professionalsA greater effort by healthcare professionals must be made before must be made before 
patient discharge to ensure patients are properly a nd thoroughlypatient discharge to ensure patients are properly a nd thoroughly
educated about the reasons they are prescribed thie nopyridines aeducated about the reasons they are prescribed thie nopyridines a nd nd 
the significant risks associated with prematurely d iscontinuing the significant risks associated with prematurely d iscontinuing such such 
therapytherapy

Grines C et al. Circulation. 2007;115:813-818.



AHA/ACC/SCAI/ACS/ADA AHA/ACC/SCAI/ACS/ADA 
Scientific advisoryScientific advisory

�� Patients should be specifically instructed before h ospital dischPatients should be specifically instructed before h ospital disch arge arge 
to contact their treating cardiologist before stopp ing any antipto contact their treating cardiologist before stopp ing any antip latelet latelet 
therapytherapy , even if instructed to stop such therapy by anothe r , even if instructed to stop such therapy by anothe r 
healthcare provider healthcare provider 

�� Healthcare providers who perform invasive or surgic al proceduresHealthcare providers who perform invasive or surgic al procedures
and are concerned about periand are concerned about peri -- and postand post --procedural bleeding must procedural bleeding must 
be made aware of the potentially catastrophic risks  of prematurebe made aware of the potentially catastrophic risks  of premature
discontinuation of thienopyridine therapy.discontinuation of thienopyridine therapy. Such professionals who Such professionals who 
perform these procedures should contact the patientperform these procedures should contact the patient ’’s cardiologist s cardiologist 
if issues regarding the patientif issues regarding the patient ’’s antiplatelet therapy are unclear, to s antiplatelet therapy are unclear, to 
discuss optimal patient management strategydiscuss optimal patient management strategy

Grines C et al. Circulation. 2007;115:813-818.



AHA/ACC/SCAI/ACS/ADAAHA/ACC/SCAI/ACS/ADA
Scientific advisoryScientific advisory

�� Elective procedures for which there is significant risk of periElective procedures for which there is significant risk of peri -- or or 
postpost --operative bleeding should be deferredoperative bleeding should be deferred until patients have until patients have 
completed an appropriate course of thienopyridine t herapy (12 completed an appropriate course of thienopyridine t herapy (12 
months after DES implantation if they are not at hi gh risk of blmonths after DES implantation if they are not at hi gh risk of bl eeding eeding 
and a minimum of 1 month for BMS implantation)and a minimum of 1 month for BMS implantation)

�� For patients treated with DES who are to undergo su bsequent For patients treated with DES who are to undergo su bsequent 
procedures that mandate discontinuation of thienopy ridine therapprocedures that mandate discontinuation of thienopy ridine therap y, y, 
aspirin should be continued if at all possible and the thienopyraspirin should be continued if at all possible and the thienopyr idine idine 
restarted as soon as possible after the procedure b ecause of restarted as soon as possible after the procedure b ecause of 
concerns about lateconcerns about late --stent thrombosisstent thrombosis

Grines C et al. Circulation. 2007;115:813-818.



ARC definitionsARC definitions of of stentstent
thrombosisthrombosis

�� Definite Stent Definite Stent ThrombosisThrombosis
–– Angiographic or pathologic confirmation Angiographic or pathologic confirmation of partial of partial or or total thrombotic total thrombotic occlusion occlusion 

within the periwithin the peri --stent stent regionregion
AND at least ONE of AND at least ONE of the followingthe following , additional , additional criteriacriteria ::
–– Acute ischemic symptomsAcute ischemic symptoms
–– IschemicIschemic ECG ECG changeschanges
–– Elevated cardiac Elevated cardiac biomarkersbiomarkers

�� ProbableProbable Stent Stent ThrombosisThrombosis
–– Any unexplained death within Any unexplained death within 30 30 days days of stent of stent implantationimplantation
–– Any myocardial infarctionAny myocardial infarction , , which is related to documented acute ischemia in th e which is related to documented acute ischemia in th e 

territory of the implanted stent without angiograph ic confirmatiterritory of the implanted stent without angiograph ic confirmati on of stent on of stent 
thrombosis and in the absence of any other obvious causethrombosis and in the absence of any other obvious cause

�� PossiblePossible Stent Stent ThrombosisThrombosis
–– Any unexplained death beyond Any unexplained death beyond 30 30 daysdays

Cutlip D et al. Circulation. 2007;115:2344-2351



Contemporary Rates of Stent Contemporary Rates of Stent 
ThrombosisThrombosis

3 year

3 year

1 year

1 year

1 year

Xience V Xience VXience VXience V Taxus ExTaxus ExTaxus ExEndeavor Taxus L



Revascularization algorithmRevascularization algorithm
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Bavry AA, Bhatt DL. Circulation. 2007;116:696-699.
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TIMI Risk ScoreTIMI Risk ScoreTIMI Risk Score

1.1. Age Age �� 65 y65 y

2.2. �� 3 CAD risk factors (3 CAD risk factors ( high high 
cholesterol, family history, cholesterol, family history, 
hypertension, diabetes, smoking)hypertension, diabetes, smoking)

3.3. Prior coronary Prior coronary stenosisstenosis �� 50%50%

4.4. Aspirin in last 7 daysAspirin in last 7 days

5.5. �� 2 2 anginalanginal events events �� 24 h24 h

6.6. STST--segment deviationsegment deviation

7.7. Elevated cardiac markers (CKElevated cardiac markers (CK --MB MB 
or or troponintroponin ))

Antman EM, et al. JAMA. 2000;284(7):835-842.  
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GRACE Prediction Score Card and Nomogram for All-Ca use Mortality From Discharge to 6 
Months



Aortic ArchAortic Arch

�� Develops from the L 4Develops from the L 4 thth

embryonic archembryonic arch
�� BranchesBranches

–– BrachiocephalicBrachiocephalic trunk trunk 
((InominateInominate A)A)

–– L Common carotid AL Common carotid A
–– L L SubclavianSubclavian AA

�� Many variationsMany variations
�� Disease alters anatomy and Disease alters anatomy and 

risksrisks



Common variantsCommon variants

A)  A)  BrachiocephalicBrachiocephalic trunk trunk 
(BCT) and LCCA share a (BCT) and LCCA share a 
common origin (25common origin (25 --30%)30%)

B)  L CCA arises from BCT B)  L CCA arises from BCT 
(7%)(7%)

C)  L C)  L VertVert arises directly arises directly 
from the arch (0.5%)from the arch (0.5%)
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External Carotid AnatomyExternal Carotid Anatomy

Garcia MJ: Non- Invasive Cardiovascular Imaging: A Multimodality Approach. Lippincott Williams & Wilkins 2009



CommonCommon
Carotid Carotid 

AnatomyAnatomy

Garcia MJ: Non- Invasive Cardiovascular Imaging: A Multimodality Approach. Lippincott Williams & Wilkins 2009



ICA AnatomyICA Anatomy
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Internal Carotid AnatomyInternal Carotid Anatomy

Garcia MJ: Non- Invasive Cardiovascular Imaging: A Multimodality Approach. Lippincott Williams & Wilkins 2009













Current CMS Reimbursement for Current CMS Reimbursement for 
CAS (9CAS (9--1111--09)09)

�� symptomatic patients with symptomatic patients with >> 70% carotid artery 70% carotid artery 
stenosisstenosis and high risk for CEA and high risk for CEA –– must use FDA must use FDA 
approved stents and EPDapproved stents and EPD

�� symptomatic patients with 50symptomatic patients with 50 --70% carotid artery 70% carotid artery 
stenosisstenosis and high risk for CEA in clinical trial or and high risk for CEA in clinical trial or 
registryregistry

�� asymptomatic patients with asymptomatic patients with >> 80% carotid 80% carotid stenosisstenosis and and 
high risk for CEA in clinical trial or registry.high risk for CEA in clinical trial or registry.



TASC II 2007TASC II 2007



TASC II 2007TASC II 2007



Indications for Revascularization in the Indications for Revascularization in the 
Patient With Intermittent ClaudicationPatient With Intermittent Claudication

�� A predicted or observed lack of adequate response t o exercise A predicted or observed lack of adequate response t o exercise 
therapy and claudication pharmacotherapies.therapy and claudication pharmacotherapies.

�� Presence of a severe disability, either being unabl e to perform Presence of a severe disability, either being unabl e to perform 
normal work or having very serious impairment of ot her activitienormal work or having very serious impairment of ot her activitie s s 
important to the patient.important to the patient.

�� Absence of other disease that would limit exercise even if the Absence of other disease that would limit exercise even if the 
claudication was improved (e.g., angina or chronic respiratory claudication was improved (e.g., angina or chronic respiratory 
disease).disease).

�� The individualThe individual ’’s anticipated natural history and prognosis.s anticipated natural history and prognosis.

�� The morphology of the lesion (must be such that the  appropriate The morphology of the lesion (must be such that the  appropriate 
intervention would have low risk and a high probabi lity of initiintervention would have low risk and a high probabi lity of initi al al 
and longand long --term success).term success).

Also see Table 19 of Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192.



III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

Endovascular Treatment for Claudication

Endovascular procedures are indicated 
for individuals with a vocational or 
lifestyle-limiting disability due to 
intermittent claudication when clinical 
features suggest a reasonable 
likelihood of symptomatic improvement 
with endovascular intervention and …

a. response to exercise or pharmacologic 
therapy is inadequate, and/or

b. there is a very favorable risk-benefit 
ratio (e.g., focal aortoiliac occlusive 
disease)



III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

Endovascular Treatment for Claudication

Endovascular intervention is not 
indicated if there is no significant 
pressure gradient across a stenosis 
despite flow augmentation with 
vasodilators.

Primary stent placement is not 
recommended in the femoral, popliteal, 
or tibial arteries.

Endovascular intervention is not 
indicated as prophylactic therapy in an 
asymptomatic patient with lower 
extremity PAD.



Aortoiliac Occlusive Disease:Aortoiliac Occlusive Disease:
Angioplasty With or Without StentingAngioplasty With or Without Stenting

�� High procedural success rates (90%)High procedural success rates (90%)

�� Excellent longExcellent long --term patency term patency ((>>70% 70% 
at 5 years)at 5 years)

�� Factors associated with a poor outcome:Factors associated with a poor outcome:

–– Long segment occlusionLong segment occlusion

–– Multifocal stenosesMultifocal stenoses

–– Eccentric calcificationEccentric calcification

–– Poor runoffPoor runoff



Femoropopliteal Disease:Femoropopliteal Disease:
Endovascular OptionsEndovascular Options

�� Excellent procedural successExcellent procedural success

�� Reported patency varies widelyReported patency varies widely

–– 30%30%––80% at 1 year80% at 1 year

�� Role of primary stenting for Role of primary stenting for 
femoropopliteal disease remains femoropopliteal disease remains 
incompletely definedincompletely defined
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Durability of Endovascular ProceduresDurability of Endovascular Procedures
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Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192.CI=confidence interval; PTA=percutaneous transluminal
angiography



�� Appropriate patient and lesion selection is critica l to Appropriate patient and lesion selection is critica l to 
success.success.

�� Focal stenoses do best.Focal stenoses do best.

–– ££££££££ 6 cm occlusions 6 cm occlusions 

–– ££££££££ 5 stenotic lesions5 stenotic lesions

�� Success is measured by:Success is measured by:

–– Relief of rest painRelief of rest pain

–– Healing of ulcersHealing of ulcers

–– Avoidance of amputationAvoidance of amputation

Endovascular Treatment for Endovascular Treatment for 
Critical Limb IschemiaCritical Limb Ischemia



For individuals with combined inflow and outflow 
disease with CLI, inflow lesions should be 
addressed first.

For individuals with combined inflow and outflow 
disease in whom symptoms of CLI or infection 
persist after inflow revascularization, an outflow 
revascularization procedure should be performed.

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

III IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIII IIaIIaIIa IIbIIbIIb IIIIIIIIIIIaIIaIIa IIbIIbIIb IIIIIIIII

Endovascular Treatment for Endovascular Treatment for 
Critical Limb IschemiaCritical Limb Ischemia



SummarySummary

�� understanding anatomy is key to any successful understanding anatomy is key to any successful 
endovascular procedure.endovascular procedure.

�� background clinical trial data can be helpful in background clinical trial data can be helpful in 
treatment selection.treatment selection.

�� familiarize and use guideline and appropriateness familiarize and use guideline and appropriateness 
criteria.criteria.


