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Introduction 

Patients with coronary artery disease (CAD) and myocardial ischemia refractory to 

medical therapy frequently undergo revascularization by percutaneous coronary intervention 

(PCI) or coronary artery bypass grafting (CABG). When revascularization is based mainly on 

angiographic guidance, it is unavoidable that a number of hemodynamically non-significant 

stenoses will be revascularized, whereas a number of stenoses deemed non-significant will be 

deferred inappropriately.1'2'3· Visualization of coronary lesions is often limited by patient 

morphological features, and is plagued by abundant evidence of poor correlation with 

pathological findings4 and considerable interobserver variability with regard to the severity of 

coronary arterial narrowings5 and their morphologl 

Fractional flow reserve (FFR) is a well-validated method to quantify the impact of a 

coronary stenosis on myocardial perfusion.7,8 It is based on coronary pressure measurements 

obtained during maximal hyperemia. FFR can be obtained in a few minutes in the 

catheterization laboratory, allowing an "on the spot" decision about the appropriateness of 

revascularization.9' 10 hltegrating invasive coronary physiology with angiography has become 

routine in many but not all cath labs. 

The rationale for physiologic lesion assessment is based on 2 facts: 1) the decision to 

revascularize relies primarily on the hemodynamic significance of a lesion; and 2) coronary 

angiography frequently fails to identify the accurate hemodynamic significance of coronary 

stenoses, particularly those between 50% and 80% diameter stenosis. Coronary angiography 

produces 2-dimensional silhouette images of the 3-dimensional vascular lmnen. Because 

angiographic stenosis severity is reported as a ratio of the stenosis' minimal lumen diameter 

to the adjacent "normal" reference segment, accuracy is limited by the inability to identify 

both "diseased" and "normal" vessel segments, particularly in the setting of diffuse CAD. 
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There are many studies evaluating the comparison of FFR and QCA in the west, but none 

from our country. This study was done to compare the patient characteristics in 2 groups of 
_} 

patients with intermediate lesions -Those with FFR positive and those with FFR Negative 

, .. ' 
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Review of the Literature 

The coronary circulation should be viewed as a two-compartment model. The first 

consists of large epicardial vessels (> 400 microns), which are the 'conductance vessels' 

because they have minimal resistance to blood flow. So, the pressure in the distal part of a 

healthy human coronary artery will be similar to central aortic pressure. The second 

compartment consists of vessels smaller than 400 microns, that is 'resistive vessels' (Fig.). 

Resistance to myocardial flow is predominantly by resistive vessels. 

Physiological indices of the coronary circulation 

There are many ways to identify the physiological significance ofa lesion. FFR is the 

best validated ofthe physiological indices. 

Coronary flow reserve 

CFR is defined as the ratio of hyperaemic blood flow (Q max) to resting myocardial 

blood flow (Q rest) (i. e. CFR = Q max/Q rest). The normal value for CFR is still not well 

defined and normal values differ from study to studyl1,12. However, generally a value> 4 is 

considered as normal, which means that microvascular resistance can decrease by a factor of 

413• Absolute myocardial flow is not easy to detennine, hence surrogate markers of flow are 

usually used, such as flow velocities assessed by the Doppler Wire (Flo Wire, Volcano Inc., 
~ J 

Rancho Cordova, CA, USA) or assessed by the Pressure Wire (St. Jude Medical Systems 

Inc., Uppsala, Sweden). Regardless of the method used to measure CFR, this technique has 

several limitations: resting flow is highly variable; there is considerable heterogeneity of flow 

velocity distal to an epicardial stenosis; hyperemic flow is directly dependent on systemic 

blood pressure; the hyperemic and resting measurements are performed simultaneously not 

successively; and CFR is not specific for an epicardial stenosis, as the CFR value depends on 

both epicardial vessels and microcirculation. When CFR is low, it is impossible to distinguish 
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whether this value is related to an epicardial artery stenosis alone, microcirculatory 

dysfunction alone or a combination of both. Owing to these limitations, CFR is not used 

routinely in clinical practice to assess the haemodynamic significance of a coronary stenosis 

and has limited value in clinical decision-making. 

Fractional flow reserve 

FFR is the ratio of maximal myocardial blood flow depending on a stenotic artery to 

maximal myocardial blood flow if that same artery had no stenosis. In other words, it is a 

fraction of the maximal normal flow, assuming that these measurements are obtained when 

the microvasculature resistance is minimal and constant (maximal hyperemia)14' 15 . 

FFR is the extent to which maximal myocardial blood flow is limited by the presence 

of an epicardial stenosis. FFR also excludes the confounding influence of the 

microcirculation, changes in hemodynamics or contractility16. 

As FFR is a ratio of two flows and this ratio can be derived from two pressures (distal 

coronary pressure and aortic pressure), provided they are both measured during maximal 

hyperemia. The theoretical explanation of this relationship between hyperaemic flows and 

hyperaemic pressures is displayed in Fig. 

Procedure 

It has been shown that the use of diagnostic catheters is technically feasible 17 . 

However, due to d1e higher levels of friction hampering wire manipulation, the smaller 

internal calibre prejudicing pressure measurements and the inability to perform ad hoc PCI 

using diagnostic catheters, the use of guiding catheters is recommended. 

Two pressure wire systems are currently available on the market for measuring intracoronary 

pressure, namely the Pressure Wire (St. Jude Medical Systems Inc., Uppsala, Sweden) and 
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the Volcano Wave Wire (Volcano Inc., Rancho Cordova, CA, USA). The sensor is located 30 

nun from the tip, at the junction between the radiopaque and radiolucent portions. The last 

generations of these 0.014 inch wires have similar handling characteristics to most standard 

angioplasty guide wires. As soon as a device is advanced into the coronary tree, the use of the 

same anticoagu.lation regimens as employed during a PCI procedure are recommended: 

heparin adjusted to weight, validated by a monitored activated coagulation time of at least 

250 s. 

Hyperemia 

While FFR is performed, it is absolutely imperative to achieve maximal vasodilatation 

of the two vascular compartments of the coronary circulation, namely the conductance 

arteries (epicardial) and the resistance arteries (microvasculature). The pharmacological 

agents most often used to induce hyperemia are listed in the 'fable18,19'20. A bolus of 200 mg 

isosorbide dinitrate (or any other form of intra coronary nitrate) usually resolves any form of 

vasoconstriction of epicardial arteries. The pharmacological agents most often used to induce 

hyperemia in resistance arteries are adenosine (via the intracoronary or intravenous routes) 

and papaverine. An adenosine dose of 50 Jlg as an intracoronary bolus or 140 Jlg/kg/min as an 

intravenous infusion has been demonstrated to induce hyperemia similar to intracoronary 

. 19 papavenne . 

~: 30 s befzm:: the first measurements 

!6-20 
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Clinical applications of FFR 

The potential of angiography to evaluate the haemodynamic severity of an 

intermediate lesion is limited. Moreover, angiographic assessment is often the only decision­

making modality for performance of angioplasty, especially in the absence of functional 

evaluation21 . FFR measurements correlate well with non-invasive assessment of coronary 

artery disease. In patients with angiographically equivocal stenoses, it has been shown that 

FFR is more accurate than exercise electrocardiography, myocardial perfusion scintigraphy 

and stress echocardiography for assessing haemodynamic significance22 . In addition, the 

clinical outcome of patients in whom PCI has been deferred, because the FFR indicated no 

hemodynamically significant stenosis, is very favourable. In this population, the risk of death · 

or myocardial infarction is approximately 1% per year and this risk is not further decreased 

by PCI (DEFER STUDY)23 . These results strongly support the use ofFFR measurements as a 

guide for decision-making about the need for revascularization in 'intermediate' lesions. 

Left main stem disease 

The presence of a significant stenosis m the LMCA is of critical prognostic 

importance and often determines the ~ype of treatrnent14 . Therefore, the evaluation of 

haemodynamic severity is essential and non-invasive testing is often non contributive24.The 

potential of coronary angiography to evaluate the haemodynamic severity of a stenosis is 

limited, especially in the LMCA 25 . In addition, there are significant interobserver variations 

in the assessment of LMCA lesions26. There may be several reasons for the discrepancy 

between angiographic and haemodynamic assessments of LMCA stenoses: the catheter may 

overlap with the origin of the left anterior descending and the left circumflex arteries, and 
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spill over of contrast medium and incomplete mixing of blood and contrast medium in the 

proximal part of the LM CA may render the evaluation of an ostial lesion difficult; the LMCA 

is generally short and, when present, atherosclerosis is often distributed diffusely, so that a 

normal segment is lacking, which leads to an underestimation of the 'reference' segment and 

thus to an underestimation of LMCA stenoses by both visual estimation and quantitative 

coronary angiography, the myocardial mass that depends on the LMCA is large, so the 

amount of blood that flows through it is great, and substantial trans-stenotic flow, in tum, 

induces large pressure gradients, especially during hyperaemia27• Finally, revascularization 

strategies based solely upon an angiogram are often inappropriate in patients with an LMCA 

stenosis. 

FFR can identify LMCA stenosis responsible for ischemia. Several studies showed 

that an FFR-guided strategy for equivocal LMCA lesions is safe and related to a favourable 

clinical outcome28 • Hamilos et al. assessed the long-term clinical outcome of 213 patients 

with an angiographically equivocal LMCA stenosis in whom the revascularization strategy 

was based on FFR. When FFR was 2: 0.80, patients were treated medically (n = 138) and 

when FFR was< 0.80, a CABG was performed (n = 75). The 5-year survival and event-free 

survival rates were similar in both groups, supporting the use of FFR in patients with LMCA 

disease27 . 

Multivessel disease 

Patients with 'multivessel disease' actually represent a very heterogeneous 

population. In these patients, FFR measurement has a major implication for the mode of 

revascularization strategy (PCI vs CABG). Furthermore, determining which lesion(s) warrant 

stenting and which do not can be difficult in these patients, when using non-invasive imaging 

modalities. For example, myocardial perfusion scintigraphy is limited in its ability to 
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accurately localize lesions responsible for ischemia in these patients29• Preliminary FFR­

guided revascularization strategies in patients with multi vessel disease were very 

encouraging24. A recent randomized multicentre study (FAME: FFR versus Angiography for 

Multi vessel Evaluation) in 1000 patients showed that routine measurement of FFR during 

PCI with drug-eluting stents in patients with multi vessel disease reduced the rate of the 

composite endpoint of death, myocardial infarction, re-PCI and CABG at 1 year by 

approximately 30% and reduced mortality and myocardial infarction at 1 year by 

approximately 35%, compared with current angiography-guided strategy. Moreover, the 

FFR-guided strategy reduces the number of stents used, decreases the amount of contrast 

agent used, does not prolong the procedure and is cost saving30•31• 

Myocardial infarction 

After a myocardial infarction, previously viable tissue is partially replaced by scar 

tissue. Therefore, the total mass of functional myocardium supplied by a given stenosis in an 

infarct-related artery will tend to decrease32• By definition, hyperaemic flow and thus 

hyperaemic gradient will both decrease as well. Assuming that the morphology of the 

stenosis remains identical, FFR must therefore increase. This does not mean that FFR 

underestimates lesion severity after myocardial infarction. It simply illustrates the 

relationship that exists between flow, pressure gradient and myocardial mass, and, 

conversely, illustrates that the mere morphology of a stenotic segment does not necessarily 

reflect its functional importance. Recent data have confirmed that the hyperaemic myocardial 

resistance in viable myocardium within the infarcted area remains nonnal33• This further 

supports the application of the established FFR cut-off value in the setting of partially 

infarcted territories. Earlier data had suggested that microvascular function was abnormal in 

regions remote from a recent myocardial infarction34'35• However, more recent work, taking 

into account distal coronary pressure, indicates that hyperaemic resistance is nonnal in these 
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remote segments36• These data support the use of FFR to evaluate stenoses remote from a 

recent myocardial infarction 

Bifurcation lesions 

Bifurcation lesions are particularly difficult to assess angiographically because of the 

overlap orientation relative to parent branch and radiological artefacts. Data supporting the 

use of FFR in guiding PCI for bifurcation lesions are limited. Two recent studies by Koo et 

al. demonstrated: that after stenting, the ostium of the side branch often looks 'pinched' but is 

often overestimated by angiography (measurement of FFR identifies a minority of lesions 

that are functionally significant)37; and a favourable outcome for FFR-guided side branch PCI 

strategy for bifurcation lesions. Indeed, when kissing balloon dilation was performed only in 

ostial stenoses with an FFR < 0.75, the FFR at 6 months was> 0.75 in 95% of all cases38. 

Coronary artery bypass graft lesions 

In theory, the assessment of stenosis severity in CABGs by FFR should not be 

different from FFR assessment of native vessels. At present, there are no clinical outcome 

data available regarding the use of FFR in graft stenosis. Therefore, FFR should be used with 

caution in bypass graft stenosis. Nevertheless, in patients requiring CABG for multi vessel 

revascularization, angiographic lesions of uncertain significance would benefit from FFR, 

providing prognostic information regarding potential of future bypass graft patency. Botman 

et al. showed that the rate of occlusion was approximately three times higher when the bypass 

was placed on a native artery with a hemodynamically non-significant stenosis39• This study 

suggested that FFR could have serious implications for best long-term CABG outcomes. 
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Post stenting 

Angiography alone is not a precise technique for detecting local areas of incomplete 

stent expansion40• In 40-70% of stents that appear well deployed by angiography, 

intravascular ultrasound imaging reveals a region of the stent that is under expanded 

compared with the remainder of the stent and with the reference segments41 • Intravascular 

ultrasound is the gold standard for assessing optimum stent deployment and its results are 

well correlated with the FFR. FFR has the advantage of being easier to use but its results are 

more controversial. In a small single-centre study evaluating coil stents, an FFR 2: 0.94 was 

identified as the appropriate threshold defming optimal stent deployment42 . This finding has 

not been evaluated in a broader trial with current generation stents. 
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Aim of the study 

The aim of the current study was to analyse the clinical and angiographic parameters 

in patients who underwent Fractional Flow reserve in SCTIMST during the period from 

January 2012 to November 2012 for patients ·with intermediate lesions 
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METHODS AND MATERIALS 
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Methods and Materials 

All consecutive patients who underwent FFR for intermediate lesions from January 

2012 to November 2012 in our hospital were taken for the study. 62 patients underwent FFR 

during this period and were included in the study. Their clinical and angiographic parameters 

were compared. In 5 patients FFR was done for 2 vessels and for a single patient FFR was 

done for all 3 vessels (Total of 69 lesions) Patients were divided into 2 groups based on their 

FFR. Those with FFR < 0.75 were considered to have hemodynamically significant stenosis, 

whereas those with FFR >0.75 were considered to have physiologically non obstructive CAD 

and managed conservatively. 

FFR was performed using the RadiAnalyzer™ Xpress Measurement System (St. Jude 

I 

I Medical Systems Inc., Uppsala, Sweden). The Radi pressure wire was introduced into the 

coronary artery with help of a guiding catheter after anticoagulation. Hyperemia of the large 

conductance vessels was produced by intracoronary NTG in all cases. Both intracoronary( 

I between 50 to 150 meg bolus) and intravenous adenosine (at a dose of 140 meg/kg/min) was 

used for producing vasodilation of the resistive vessels. 

Statistically analysis was done using SPSS 14 software. P value of less than 0.05 was 

taken to be significant. 

I 
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Results 

FFR was done on a total of62 patients (69lesions). During the same study period 673 

Angioplasties were performed. Baselines characteristics are shown . 85% of the 

patients were male. 

" " 

n Percent 
55.23 9.49 

59 85 
33 47.8 

3.17 4.9 
35 50.7 

3.04 4.23 
40 58 
47 68.1 
14 20.3 
20 29 
13 18 

62.2 12.2 
5 7.2 

59 85.5 
5 7.2 

36 52.2 
30 43.5 
3 4.3 

16 23.2 
25 36.2 
28 40.6 
26 37.7 

0.78 0.07 
2.38 0.62 
9.55 3.72 
49.3 9.8 

Almost half the patients had diabetes (47.8%) and/or hypertension (50.7%). 58% of 

the patients were smokers. Two thirds had a prior ACS. Majority of the patients presented 

with Class II angina (85%). TMT was not done in more than half the patients (52%). Overall 

40% had 3VD. 68% of the study patients had an ACS in the past which was most commonly 
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due to either A WMI or IWMI. Overall FFR was positive in 3 7. 7 % of the patients. The 2d 

QCA was 49.3% (±9.8) in the entire study population. The length of the lesion was 9.55 ± 

3.72 mm and the reference diameter was 2.38 ± 0.62 mm. 

35 

30 

25 

20 

15 

10 

5 

0 

No Prior ACS OldAWMI OldiWMI USA/NSTEMI 

60 52 
so 

40 

30 
!I Series1 
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10 

0 
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IIIII! Single vessel disease 

IIIII! Two vessel disease 

IIIII! Three vessel disease 

When patients were divided into 2 groups based on FFR, those with positive FFR 

were younger (51.5± 8.3 years vs 57.4± 9.5 years) and lower incidence of DM (23.1% vs 

62.8% ). Both were statistically significant They also had a trend towards lower incidence of 

SHT (38.5% vs 58.1%). Those who had significant lesions (FFR positive) had a higher 

incidence of prior ACS (37.2% vs 23.1%). There were no significant differences between the 

groups with respect to LVEF ( 60.1% vs 63.4%) and presenting angina class. The time for 

TMT positivity was also similar between the groups(7.58 METS vs 7.05 METS). 2D QCA 

was 50.1 ± 11.9% in the FFR positive group compared to 48.9 ± 8.5% in the FFR negative 

group(p=0.62) . The length of the lesion also was not significantly different between the 2 

groups. However the FFR positive group had smaller reference diameters (2.17 ± 0.7 vs 

2.5±0.5; p= 0.028). 
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iAge (years/SO) 

Male 
"" 

Diabetes 

Duration(years/SD) 

Hypertension 

Duration(years/SD) 

Smoker 

EF (mean/SO) 

iCiass 1 

Class 2 

Class 3 

TMT (METS/SD) 

!No of v~ssels (mean/SO) 

IRef diameter(mm/SD 

Length (mm/SD) 

2d QCA (mean I SD) 
'--------" 

FFR Positive 

Number Percent 

51.5 8.3 

23 88.5 

6 23.1 

1.27 2.3 

10~5 
1.67 ,.., 

17 65.4 

60.1 12.6 

1 3.8 

23 88.5 

2 7.7 

7.58 1. 

2.19 0.69 

2.17 0.7 
nr- 3.8 

50.1 11.9 

[II! FFR Positive 

FFR Negative 

I FFR Negative 

Number Percent P value 

57.4 9.5 0.01 

36 83.7 0.7 

27 62. 0 0,03 
4.3 5.e:.: 0. 

25 58.1 0.14 
..,.86 4.8 0.03 

I 23 53.5 0.45 

' 

63.4 12 0.28 
' 4 9.3 0.52 

36 83.7 0.52 

3 7 0.52 
7.05 3.2 0.6 

2.16 0.84 0.8 
2.5 0.5 0.028 

9.5 ' 3.6 0.998 
48.9 8.5 0.621 
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DISCUSSION 

This was a study analysing the clinical and angiographic parameters between 

patients with FFR positive lesions and those with Negative FFR lesions. FFR was done 

on a total of 62 patients (69 lesions). During the same study period 661 Angioplasties 

were performed and 1595 Diagnostic coronary angiograms were performed. FFR was 

performed only one tenth as frequently as the number of PCis. FFR in our centre was 

done only in cases where the lesions were intermediate. Of all the patients for whom FFR 

was done it was positive in only 37.7% of patients. Hence almost two thirds of patient 

with intermediate lesions were proven to have physiologically insignificant lesions. These 

patients were kept on optimal medical follow up. Patients with FFR positive lesions were 

surprisingly younger. This may be explained because older patients tend to have more 

severe disease, and the incidence of intermediate lesions may be higher in younger 

patients. The overall incidence ofDM and SHT in our population was very high (47.8% 

and 50.7% respectively). In the DEFER study the incidence of DM was only 15% and 

SHT was 36%. In the FAME study DM and SHT were present in 25 and 63% 

respectively. Thus our study had a high representation of diabetics. This may reflect the 

larger burden of diabetics in India .However when compared to FFR negative patients, 

the FFR positive patients had a lower incidence and duration of DM. This is probably 

because patients with DM usually have multi vessel disease. Hence intermediate lesions 

even if present were not subjected to FFR in view of significant lesions elsewhere and 

directly sent for CABG. Non Diabetic patients have lesser incidence of multi vessel 

disease and even if they had multiple lesions they were often planned for multi vessel PC I. 

They therefore were more often planned for FFR. Systemic hypertension was also less 
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prevalent in the FFR positive group but this was not statistically significant. The LV 

Ejection Fraction and Angina Class were all evenly matched in both the groups. Almost 

85% of the patients enrolled had NYHA class II angina. Hence patients who had more 

severe angina Class III and Class IV probably had more than intermediate lesions not 

requiring FFR. Exercise ECG testing by TMT was done in 50% of the study population. 

It did show statistical significance between the 2 groups. However TMT tracing could not 

be directly inspected in every case and METS achieved was taken from the case records. 

Perhaps if TMT was done in all cases and if the TMT was inspected directed to check 

when ST segment changes started, then TMT may have been a discriminating factor. 

Other non-invasive evaluation for risk stratification including radionuclide studies were 

not done in any patient. 

There was no significant difference in the 2D QCA between the 2 groups. In fact 

even in the FFR positive group the mean QCA was only 50.1 ± 11.9%. In our study 2D 

QCA did not correlate with the FFR and under assessed the stenosis even in a 

physiologically significant lesion. That 2D QCA is not useful has been confirmed in other 

studies like FAME also. Similarly the length of the lesions as assessed by 2D QCA was 

also not significantly different between the 2 groups. In the DEFER study however there 

was no difference in the reference diameter or the lesion length but significant differences 

in the Diameter stenosis ( 48 ± 9% in the FFR positive vs 52% ± 12% in the FFR negative 

group). A larger number in the study population may have made the trend (in Diameter 

Stenosis) significant in our study also. 

This study confirms that physiological assessment of a lesion by non invasive 

methods is not practical. Even exercise treadmill test was not able to discriminate 

between the 2 groups. Angiographic assessment of a lesion is limited because it is a 2 
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dimensional depiction of a 3 dimensional - structure. It is also a lumenogram and in 

diffuse lesions may never have a normal segment for comparision. Some studies have 

shown that 3D QCA may be slightly more effective than 2D QCA in identifying 

significant lesions. 
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Limitations 

This was a single centre study. However this is a large teiiiary care centre which 

caters to different all kinds of patient population. Another limitation was the small number of 

patients (62 patients/69 lesions) and that no randomisation was done. But all consecutive 

patients were included and this would remove any bias in the inclusion or exclusion criteria. 

TMT was not available in all patients. This was because many patients had other co morbid 

illness like osteoarthritis which precluded TMT in these patients. 
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Conclusion 

FFR as a tool is underutilised in our centre. Majority of patients with intermediate 

lesions have physiologically insignificant stenosis. Clinical features, risk factors and non 

invasive tools like exercise ECG do not help in predicting the functional significance of a 

single lesion. 2D QCA (diameter stenosis) is not useful in identifying functionally significant 

stenosis. 2D QCA significantly underestimates the severity of the lesion. Similarly length of 

the lesion also cannot be used to determine if it if functionally significant. In case of 

intermediate lesions, a smaller reference vessel diameter may be predictive of a functionally 

significant lesion. Larger randomised trials which specifically compare the relation of 2D 

QCA, TMT and FFR may be done to further clarify the issue. 

) 
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