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DETECTION OF CAD

ANATOMICAL  EVALUATION OF CORONARIES

IVUS – OCT

MEASUREMENT OF CORONARY PHYSIOLOGY

FFR



IVUS Transducers
Mechanical Transducer – 40 MHz OptiCross (BosSci)

Solid-State Transducer – 25 MHz EagleEye (Volcano)



Diagnostic Applications of IVUS
 Identify specific disease

- left main stem, ostial lesions

 Detect angiographically silent disease
- transplant vasculopathy

 Identify plaque morphology

 Examine vessel when angiography is inconclusive
- hazy lesions,  presence or absence of thrombus or dissection

 Measure plaque load

 Measure true vessel size
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IVUS Determination of Atheroma Area

Precise Planimetry of EEM and Lumen Borders

with Calculation of Atheroma Cross-sectional Area

Vessel Diameter

Lumen Diameter



Angiography versus IVUS
ANGIOGRAPHY

2 dimensional

Planar

Shadow of lumen

Wall structures not imaged

Intermittent snapshots or 
repeat contrast injections 
necessary

QCA measurements prone to 
magnification errors

IVUS

360º view

Tomographic and sagittal

Visualisation of shape and 
location

Visualisation of inner wall 
structures and 
morphology

Continuous image

Precise measurements



Role of IVUS in management of angiographic intermediate 
lesion (40-70% stenosis)

 Remains a therapeutic dilemma, even for experienced
interventional cardiologists.

 Fractional flow reserve (FFR) is considered the gold standard
for intermediate lesion assessment.

 Several studies have reported fairly good correlation between
anatomic data by IVUS and ischemia by physiological
assessments, hence FFR can be accurately predicted.



Evidences for IVUS-MLA & FFR
 236 intermediate lesions from 201 patients were included.

 Best cut-off value of MLA to predict an FFR <0.80 was 2.4mm2

(sensitivity of 90% and specificity of 60%).

Kang SJ. Circ Cardiovasc Interv 2011;4:65–71.

 92 intermediate lesions from 84 patients, MLA of <2.8 mm2

and < 3.2 mm2 best correlated with an FFR < 0.75 and < 0.80
respectively.

Ben-Dor Euro Intervention 2011;7:225–33 94

 Pts with intermediate lesions with smaller vessel (reference
diameter <3.0 mm), the best predictors for FFR <0.75 were
MLA <2.0 mm2 (sensitivity of 82% and specificity of 81%).

Lee  CH et al. Am J Cardiol 2010;105:1378–84.



Non left main lesion

 53 intermediate lesions in 43 pts.

 Cut-off value of an MLA <4mm2 also correlated moderately
well with an FFR <0.75 with a sensitivity and specificity of
92% and 56% respectively.

Briguori C, Am J Cardiol 2001;87:136–41

 Low event rates were noted in 300 pts with intermediate
lesions in whom intervention was deferred for an IVUS MLA
≥4 mm2

Abizaid AS, Circulation 1999;100:256–61



IVUS criteria for a “significant” Non-LMCA stenosis

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 1 1 , 2 0 1 1 McDaniel et al.
N O V E M B E R 2 0 1 1 : 1 1 5 5 – 6 7



Left main intermediate lesions (30-60% stenosis)

 55 pts with moderate left main stenosis, an MLA

 Cut-off value of 5.9 mm2 (sensitivity of 93% and specificity of
95%) and a minimal lumen diameter of <2.8 mm (sensitivity
of 93% and specificity of 98%) best correlated with FFR
<0.75.

Jasti V, Circulation 2004;110:2831– 6.

 354 patients with intermediate left main stenoses, an MLA
value >6.0 mm2 identified patients at low risk for adverse
events with deferred revascularization.

de la Torre Hernandez. J Am Coll Cardiol 2011;58:351– 8



IVUS criteria for a “significant”  LMCA stenosis



IVUS  - FFR in intermediate lesions





































Calcified lesion

















2011 General Consensus on LMCA Bifurcation Lesion

 For distal/bifurcation ULMCA lesions, every effort should
be made to achieve the greatest possible lumen dimensions
before stent deployment and post dilation should be
performed to achieve a minimum stent area of

LMCA lesion >8.5 mm2,

origin LAD> 5.5 mm2 and

origin LCX >5.5 mm2

Leon MB et al. 8th Annual Chronic Total Occlusion and Left Main
Coronary Intervention Summit, February 2011, New York, NY





















A prospective, randomized trial of intravascular-ultrasound guided compared to
angiography guided stent implantation in complex coronary lesions:

(The AVIO trial), 2013

 Randomized, multicentre, international, open label, investigator driven
study, n=284 patients.

 Aim was to evaluate if IVUS optimized DES implantation was superior
to angiographic guidance alone in complex lesions.

 Complex lesions were defined as one of the following:
 Long lesions (>28 mm)
 CTO: total occlusion of duration >3 mths
 Lesions involving a bifurcation
 Small vessels ≤2.5mm
 Patients requiring 4 or more stents

 Primary study endpoint: post procedure in lesion minimal lumen
diameter.

 All patients were pretreated with ticlopidine or clopidogrel plus Aspirin
& loading dose of 300 mg of clopidogrel if required.

 The Optimal balloon size was determined by averaging the media to
media diameters of distal and proximal stent segments as well as at the
sites of maximal narrowing within the stent.

Alaide Chieffo et al.  Am Heart J 2013;165:65-72



AVIO trial: Primary study end point. Baseline and final MLD in angiography as compared 
to IVUS guided

Alaide Chieffo et al. Am Heart J 2013;165:65-72



Impact of intravascular ultrasound-guided percutaneous coronary 
intervention on long-term clinical outcomes in a real world 
population, 2013

 To compare long term clinical outcomes between IVUS guided and angiography
guided PCI in large "real world" registry.

 Between1998 -2006, 8371 pts who underwent IVUS (n = 4,627) or angiography (n =
3,744) guided PCI were enrolled with 3 yrs of follow up.

 Results: 3 year mortality rate was significantly lower in IVUS guided group than in
angiography guided group (96.4% ± 0.3% vs. 93.6% ± 0.4%, p < 0.001)

 Similarly, in DES population, 3 year mortality was significantly lower in IVUS guided
PCI (HR 0.46; 95% CI 0.33-0.66, p < 0.001) group.

 In contrast, IVUS guided PCI did not reduce the risk of mortality in the bare metal
stent population (HR 0.82; 95% CI 0.60-1.10, p = 0.185).

 However, risks of MI(HR 0.95; 95% CI 0.63-1.44, P = 0.810), TVR (HR 1.00; 95% CI
0.86-1.15, p = 0.944), and stent thrombosis (HR 0.82; 95% CI 0.53-1.07, p = 0.109)
were not associated with IVUS guidance.

 Conclusion: IVUS guided PCI may reduce long term mortality when compared with
conventional angiography guided PCI. This may encourage the routine use of IVUS for
PCI in patients undergoing DES implantation.

Hur SH et al Catheter Cardiovasc Interv,2013 Feb;81(3):407-16



IVUS guided PCI in SVG:
Outcome of undersized drug-eluting stents for percutaneous coronary intervention 
of saphenous vein graft lesions

 To determine outcome with undersized DES for PCI of SVG lesions.
 Using IVS, 209 SVG lesions were treated with DES(153 SES and 56 PES).
 Lesions were divided into 3 groups according to the ratio of stent

diameter to average IVUS reference lumen diameter: group I <0.89;
group II 0.9 to 1.0; and group III >1.0.

 Results: Incidence of CK-MB elevation >3 times normal was 6% in
group I, 9% in group II and 19% in group III (p = 0.025).

 No significant differences were found in incidence of TLR (group
I=13%; group II=9%; and group III=15%; p = 0.5) or target vessel
revascularization (group I= 13%; group II=13%; and group III= 15%; p
= 0.9) among the 3 groups.

 Conclusion: Use of undersized DES to treat SVG lesions is associated
with a reduction in frequency of post PCI CK-MB elevation without an
increase in 1 year events.

Yong YJ et al. Am J Cardiol. 2010 Jan 15;105(2):179-85

http://www.ncbi.nlm.nih.gov/pubmed/20102915












































Anatomical measurement can give 
many informations useful to take 
the right decision during PCI 

Physiology assesement by FFR can 
predict ischemia 

The combination can be the gold 
standard
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