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• Coronary angiography timing  in stable 
coronary disease?

• Angiography without significant lesions. 

Are they all the same?

• Non-invasive ischemia testing. Do we 

perform it?

• Additional invasive procedures. Which

tool for which problem?

• PCI  indications. Recommendation and 

what is the current practice?



When to perform angiography?

• For diagnostic purposes

– confirmation of the disease: rare 

• impossible to perform non-invasive testing

• typical angina and reduced EF

• in special indication (exclusion of coronary disease in 
pilots etc.)

– evaluation of disease extent

• after non-invasive ischemia testing

• For potential  therapy other than medical (PCI 
or CABG)



When to perform angiography?

Risk stratification : clinical evaluation 

Patel MR. N Engl J Med 2010;362:886-95



When to perform angiography?

Risk stratification: stress testing, coronary anatomy

Eu Heart J 2013:doi:10.1093/eurheartj/eht296



When to perform angiography?

Risk stratification: ventricular function

Eu Heart J 2013:doi:10.1093/eurheartj/eht296



Angiography without significant 
lesions

• Case 1 • Case 2



Angiography without significant 
lesions

• Case 3 • Case 4



Angiography without significant 
lesions

• Macro vascular lesions < 50%

• Micro vascular disease
– in 20% of patients co-exist with macro vascular 

disease

• Vaso-spastic disease

– more in the area of instable angina



Angiographic stenosis and ischemia



Non-invasive ischemia testing



Non-invasive ischemia testing

Eu Heart J 2013:doi:10.1093/eurheartj/eht296



Can CT angiography replace 
invasive approach?

Eu Heart J 2013:doi:10.1093/eurheartj/eht296

Still not, in majority of patients



Non angiographic invasive 

evaluation of stenosis 
• Intra vascular ultrasound- IVUS

• Virtual histology-VH

• Optical coherence tomography –OCT and  

Near Infrared spectroscopy-NIRS

• Fractional flow reserve-FFR



Lesion assessment with IVUS

Tagaki et al Circulation 1999;100:250-5

In proximal LAD, 

RCA and CX  cut 

off value  for 

significant 

stenosis  MLA 

less than 3mm2

For LMCA  MLA 

less than 6mm2 

cause ischemia 

and must be 

treated



How could IVUS help?
FFR and IVUS guided PCI

in 167 patients with intermediate 

coronary stenosis

Nam CW et al JACC 2010 Aug;3(8):812-7

FFR  
0,80

IVUS
4mm2

N 83 94
Stenosis 51% 52%
Lenght 24 mm 24mm

Revascularisation 33,7% 91,3%
MACE 3,6% 3,2%

p= 0,001



IVUS versus FFR

Kang SJ. Am J Cardiol 2012;109:947–953 



IVUS and virtual histology (VH)

Maehara  A

Circ Cardiovasc 

Intervent. 
2009:2:482-9

VH-IVUS 

(radiofreque

ncy) plaque 

composition, 

especially 

detection of 

the lipid-rich 

necrotic core



Virtual hystology 

Stone GW Engl J Med 2011;364:226-35. 
PROSPECT study



Hiram G J Am Coll Cardiol Intv, 2009; 2:1035-1046,

OCT and IVUS differences



IVUS and OCT comparison

21

• Edge dissection 

during stent 

implantation

 Neointimal growth 

on previously 

implanted stent at 

follow-up



FFR = 
Pd
Pa
___ Pd (PressureWire)

Pa (AO pressure via catheter)

Definition of FFR

“Maximum achievable blood flow in stenotic coronary artery

divided by

Maximum blood flow in the same artery without stenosis”

At maximum hyperemia

Fractional flow reserve /FFR

FFR < 0.75: 

Sensitivity =   88%

Specificity = 100%



FFR: DEFER study

In patients with one vessel disease and  FFR more 

than 0.75, deferral of revascularization is at least as 
good as performance of an intervention.

Pijls et al. J Am Coll Cardiol 2007;49:2105–

11.



FFR: FAME study

FFR-guided

In patients with MVD, FFR significantly reduce death, 

MI, and repeat revascularization at 2 years (22,4% v 

17,9%p=0,08)

Pijls et al. J Am Col. Cardiol 2010; 56: 177 - 184. 



The FAME Study – Cost Savings Data

Tonino et al. N Engl J Med 2009; 360:213-224; 
.



FFR

FFR (100 and 120 mcg adenosin i.c. bolus)

Proximal stenosis

Distal stenosis



Eu Heart J 2013:doi:10.1093/eurheartj/eht296



Computational fluid dynamics

• CFD quantifies  fluid pressure and velocity 
based on physical laws, used in aerospace and 
auto industry for design and testing



CFD in coronary circulation



Angiographically significant lesion , with  FFR 

and CFD excluded significant ischemia



One-year event rate curves for patients treated with coronary stenting and 

varying degrees of stenosis severity measured by QCA.

Mercado N et al. Eur Heart J 2003;24:541-551

Angiographically non significant 
lesions and PCI



Angiographically non significant 
lesions and PCI



Inappropriate PCI

Chan PS JAMA. 2011;306(1):53-61



Inapropriate PCI?



Inapropriate PCI?



Inapropriate PCI?



Conclusion
• Coronary angiography in stable coronary 

patients should be performed according risk 

stratification

• Non-invasive ischemia testing before invasive 

procedure is recommended

• Different non angiographic invasive technique 

can be used for improvement of diagnosis and 

treatment in CAD



Conclusion
• The best tool for stenosis significance 

assessment is FFR (IVUS/OCT are beneficial 

specially  in LCA interventions)

• In the future a CT FLOW, or non invasive FFR  

can give us  non invasive anatomic and 

hemodynamic  informations

• PCI of an angiographicaly non significant or 

intermediate  stenosis without related ischemia 

or FFR <80 is inappropriate in stable coronary 

disease



If revascularization is appropriate

Eu Heart J 2013:doi:10.1093/eurheartj/eht296


