Placebo-controlled efficacy of percutaneous coronary intervention for focal and diffuse patterns of stable coronary artery disease
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ABSTRACT
Background 
Physiological assessment with pressure wire pullback can characterize coronary artery disease (CAD) with a focal or diffuse pattern. However, the clinical relevance of this distinction is unknown. We use data from ORBITA to test if the pattern of CAD predicts the placebo-controlled efficacy of percutaneous coronary intervention (PCI) on stress echocardiography ischemia and symptom endpoints.

Methods
164 patients in ORBITA underwent blinded instantaneous wave-free ratio (iFR) pullback assessment prior to randomization. Focal disease was defined as 0.03 iFR unit drop within 15mm, rather than over a longer distance. Analyses were performed using regression modelling. 

Results
In the PCI arm (n=85), 48 were focal and 37 were diffuse. In the placebo arm (n=79), 35 were focal and 44 were diffuse. Focal stenoses were associated with significantly lower fractional flow reserve (FFR) and iFR values than diffusely diseased vessels (focal mean FFR and iFR 0.600.15 and 0.650.24, diffuse 0.780.10 and 0.880.08 respectively, p<0.0001). With adjustment for this difference, PCI for focal stenoses resulted in significantly greater reduction in stress echo ischemia than PCI for diffuse disease (p<0.05). 

The effect of PCI on between-arm pre-randomization-adjusted exercise time was 9.32 seconds (95% CI, -17.1 to 35.7s; p=0.487). When stratified for pattern of disease, there was no detectable difference between focal and diffuse CAD (Pinteraction=0.700). PCI improved Seattle Angina Questionnaire angina frequency score and freedom from angina more than placebo (p=0.034; p=0.0035). However, there was no evidence of interaction between the physiological pattern of CAD and these effects (Pinteraction=0.436; Pinteraction=0.908).

Conclusion
PCI achieved significantly greater reduction of stress echocardiography ischemia in focal compared to diffuse CAD. However, for symptom endpoints, no such difference was observed. 
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What is known
· Pressure wire pullback characterizes the physiological pattern of epicardial CAD as focal or diffuse. 
· In the ORBITA trial, PCI was highly effective in relieving myocardial ischemia; yet in comparison to placebo, its benefits for symptomatic endpoints were smaller than expected. 

What the study adds
· Focal stenoses are associated with significantly lower FFR and iFR values than diffusely diseased vessels. 
· When this difference is adjusted for, PCI offers significantly greater reduction of stress echocardiography ischemia in focal rather than in diffuse pressure wire pullback patterns. 
· However, despite this difference, stratifying patients according to the pattern of CAD (focal vs. diffuse) does not appear to be an effective means of predicting placebo-controlled symptomatic benefit from PCI.


INTRODUCTION

Clinical outcome trials which have supported the use of invasive coronary physiology apply diagnostic cut-points to dichotomize decision making for revascularization in stable coronary artery disease (CAD).1–3 Fractional flow reserve (FFR) and the instantaneous wave-free ratio (iFR) assess the pressure gradient across a vessel, as an objective index of severity of CAD. However, atherosclerosis within a vessel is more complex than is described by a singular FFR or iFR value.  Both focal and diffuse patterns of disease are well recognized; but their impact on the efficacy of revascularization is not well understood.

The pattern of CAD may be assessed anatomically (using quantitative coronary angiography (QCA) or intravascular imaging), or physiologically, using invasive pressure wire pullback. Physiological assessment characterizes the pattern of pressure loss longitudinally throughout a diseased coronary artery. iFR pullback offers lesion-specific assessment by quantifying the contribution of epicardial resistance apportioned to each vessel segment.4,5 By permitting assessment of the pressure gradient at any given point along the vessel, the pattern of disease can then be characterized as focal, diffuse or a mixed pattern.4 

It is plausible that percutaneous coronary intervention (PCI) of focal stenoses provides greater physiological and symptomatic benefits than PCI of diffusely diseased vessels. This may be for a variety of reasons, for example it may result in shorter stented segments which are more easily optimized, or it may reflect a lower burden of atherosclerosis and microvascular disease. However, the efficacy of PCI for treatment of symptoms in focal and diffuse patterns of stable CAD has not been studied with placebo control.


The Objective Randomised Blinded Investigation with optimal medical Therapy of Angioplasty in stable angina (ORBITA) trial was the first placebo-controlled trial of PCI for stable CAD. It showed that PCI was effective in normalizing the anatomic and hemodynamic features of a coronary stenosis; yet when compared to placebo, the effects on exercise time and symptoms were smaller than expected.6 

In a pre-specified analysis from ORBITA, the association between pre-randomization FFR and iFR and the clinical endpoints was studied.7 As might be expected, progressively lower, “more ischemic”, pre-randomization FFR and iFR values were associated with greater improvements in stress echocardiography ischemia with placebo-controlled PCI. However, surprisingly, there was no association between pre-randomization FFR and iFR and the placebo-controlled benefit of PCI on exercise time, symptoms or quality of life. 

In this analysis, we use iFR pullback data and angiographic criteria to stratify the results of ORBITA in order to determine whether the placebo-controlled efficacy of PCI may instead be dependent on the pattern of CAD: focal or diffuse.



METHODS
Study Design
The ORBITA trial was approved by the London-Central Research Ethics Committee; the design of the trial has been previously described.6 All subjects gave informed consent. The data, analytical methods, and study materials will not be made available to other researchers.

Invasive Physiological Assessment
Patients underwent auditory isolation with over-the-ear headphones playing music. Invasive physiological assessments were completed with the primary operator, a consultant interventional cardiologist, blinded to their results as previously discussed.7 In brief, this was to ensure that patients with a clinically representative range of values for FFR and iFR were randomized so that the placebo-controlled efficacy of PCI could be investigated across a full range of FFR and iFR values to investigate the cut-points for improvement in angina. 

Following iFR and FFR assessment and return of Pd/Pa ratio to baseline, a blinded manual iFR pullback manoeuvre was recorded under resting conditions. The target pullback speed was 1mm/s to bring the pressure sensor back to the tip of the guiding catheter. A drift check was then recorded. Where the Pd/Pa ratio fell outside of the range 1.00  0.02, the wire was re-normalized and blinded iFR, FFR and iFR pullback assessments repeated with a further drift check performed. 

Randomization Procedure
After completion of physiological assessment, pharmacotherapy was administered to a deep level of conscious sedation. Once confirmed, patients were randomized 1:1 to PCI or a placebo procedure with blinding techniques as previously described.6 In the PCI arm, iFR and FFR were remeasured after revascularization, with the operator blinded to the results. Patients and all subsequent medical caregivers remained blinded to treatment allocation until the end of the follow up period.

Study End-Points and Follow up
Follow up was performed at the end of a 6-week blinded period as previously described.6

Blinded analysis of iFR Pullback data
In order to characterize the physiological pattern of disease, each iFR pullback trace was assessed twice by 6 interventional cardiologists (R.A.L., N.R., T.W., Y.A., C.M.C., H.S.) who were blinded to subject identifiers, treatment allocation, the coronary angiogram, each other’s opinion and their own first opinion. 

Each assessor was asked to grade the pattern of disease as focal, diffuse or mixed pattern of disease. We applied a previously published definition from the Physiologic Assessment of Coronary Stenosis Following PCI (DEFINE-PCI) study.8 In brief,  focal disease was defined as 0.03 iFR unit drop within 15mm, rather than over a longer distance. 

QCA analysis of lesion length
In order to provide a separate, angiographic assessment of the pattern of CAD, three independent investigators (Y.A., C.K. and A.A.) performed QCA analysis of the target vessel in each subject. The lesion length was calculated in each case. Where tandem stenoses were present within the same vessel, the sum of the lesion lengths was taken. The investigators were blinded to each other’s opinion, the iFR pullback tracing and the randomization arm.

Dobutamine Stress Echocardiography
DSE was performed twice in each patient, once prior to randomization and again at the end of the 6-week blinded follow up period. The patient, sonographer and physician performing the study were blinded to treatment allocation, as were 6 cardiac imaging consultants who reported each study.9

Statistical Analysis
This stratified analysis of ORBITA consists of all patients randomized in the ORBITA trial with pre-randomization iFR-pullback. 

All analysis has been performed with isolated “focal” disease tested against a combined group of patients with “diffuse” or “mixed” disease indicated by iFR-pullback. We chose this model of analysis in order to optimally test the hypothesis that PCI would offer its greatest benefit in those patients with an isolated focal stenoses by physiological criteria and no diffuse disease.  To be classified as a “focal” disease pattern for analysis, the majority opinion (at least 4) from the first assessment by the 6 raters needed to be “focal”. All traces not meeting these criteria were considered to incorporate diffuse disease: these traces formed the “Diffuse” category.

For the anatomic classification, lesion length, as calculated by QCA, was treated as a continuous variable and tested for its impact on the placebo controlled benefit of PCI on stress echo score and symptom endpoints. 

The Seattle Angina Questionnaire (SAQ) scale for angina frequency was derived from individual patient responses in accordance with published guidelines.10 Freedom from angina was defined from the SAQ as previously described11.

Regression models were used to provide increased statistical power and test the interaction between pattern of coronary artery disease as assessed by iFR-pullback and QCA calculated lesion length on the placebo-controlled benefit of PCI on the stated endpoints.12 A model was fitted for each endpoint. For exercise time, a least squares model was fitted, whereas a proportional odds ordinal logistic model was used for SAQ angina frequency, freedom from angina, and stress echo score. The latter model accommodates for possible floor and ceiling effects of angina frequency as an endpoint. The pre-randomization values were modelled with a restricted cubic spline with 3 knots (placed at 25%, 50%, and 75% of the data) with the presence of focal or diffuse disease allowed to interact with the randomization arm.12,13
All analyses which compared focal and diffuse categories were adjusted for the baseline physiology by including a term for the iFR or FFR (as specified in the results) in the model. This allowed us to test the association of the pattern, as opposed to the severity of CAD, on the stated endpoints. 

The inter- and intra-observer agreement between 6 assessors’ grading of iFR-pullback traces was calculated using Fleiss’ Kappa. 

The Open Source statistical programming environment R was used for all statistical analyses.14 The package rms15 was used for regression modelling and ggplot2 for all graphs.16 

RESULTS
The ORBITA trial randomized 200 patients to PCI (n=105) or a placebo procedure (n=95). iFR pullback traces were not available for all patients because iFR pullback technology was not available at every recruiting site from the start of the recruitment period. In addition, in 3 patients the lesion could not be crossed with a pressure wire and in 1 patient the pressure wire resulted in intimal disruption requiring immediate PCI. An iFR pullback trace was therefore available for 164 patients, of which 85 were randomly allocated to the PCI arm and 79 to the placebo procedure. 

Patient Demographics
Patient demographics are shown in Table 1.

Procedural Characteristics
Procedural characteristics are shown in Table 2.

Pattern of disease as assessed by iFR pullback
164 iFR pullback traces were assessed by 6 raters, resulting in 984 individual trace assessments from which a consensus was calculated. In the PCI arm (n=85), 48 (56%) were classified as focal and 37 (44%) were classified as diffuse. In the placebo arm (n=79), 35 (44%) were focal and 44 (56%) were diffuse.

Study Endpoints
Relationship of physiological pattern of disease and change in dobutamine stress echo score with placebo-controlled PCI
Paired iFR pullback and DSE data were available in 131 patients. When assessed with invasive physiology, focal stenoses were associated with significantly lower pre-randomization FFR and iFR values than diffusely diseased vessels (focal stenoses mean FFR and iFR 0.600.15 and 0.650.24, diffuse lesions mean FFR and iFR 0.780.10 and 0.880.08, respectively, p<0.0001) (Table 2).   
Across the cohort, PCI resulted in significantly larger improvement in stress echocardiography documented ischemia in comparison to a placebo procedure, OR 3.44 (95% 1.83 to 6.47, p<0.0001). After adjustment for the difference in pre-randomization FFR and iFR values between focal and diffuse stenoses, PCI for focal stenoses offered significantly greater reduction in stress echo ischemia than PCI for diffuse disease. This effect was consistent when adjusted for baseline iFR (p=0.020) or baseline FFR (p=0.032) values (Figure 1).
Exercise Time
Paired exercise time data and iFR-pullback assessments were available for 158 patients (84 in the PCI arm and 74 in the placebo arm). In this cohort, the estimated effect of PCI over placebo on exercise time using regression modelling was 9.318 seconds (95% CI, -17.078 to 35.714s; p=0.487). For this relatively small effect, there was no detectable evidence of interaction between a focal disease pattern and the effect of PCI on exercise time increment after adjustment for baseline iFR (Pinteraction=0.700, figure 2A) or baseline FFR (Pinteraction=0.615, Supplementary Figure 1A).

Seattle Angina Questionnaire angina frequency score
Paired SAQ angina frequency data and iFR-pullback were also available for 158 patients (84 in the PCI arm and 74 in the placebo arm). In this cohort, PCI significantly improved SAQ angina frequency score over a placebo procedure (odds ratio, 1.88; 95% CI, 1.05-3.37; p=0.034;). However, there was no statistically significant evidence of interaction between a focal disease pattern and the effect of PCI on angina frequency when adjusted for baseline iFR (Pinteraction=0.436, Figure 2B), or baseline FFR (Pinteraction=0.586, Supplementary Figure 1B).
Freedom from angina
Within this cohort, PCI was more likely to result in patient-reported freedom from angina than placebo (odds ratio, 2.90; 95% CI, 1.42–5.92; p=0.0035). However, there was no detectable evidence of interaction between the presence of a focal disease pattern and the effect of PCI on the likelihood of achieving freedom from angina after adjustment for baseline iFR (Pinteraction=0.908, Figure 2C) or FFR (Pinteraction=0.797, Supplementary Figure 1C).
Impact of lesion length as assessed by QCA on placebo-controlled efficacy of PCI on endpoints
Blinded QCA lesion length assessments were performed in 163 of the 164 patients (99.3%) included in this analysis. This provided an angiographic, as opposed to a physiological stratification of the pattern of disease. There was no significant impact of lesion length on the placebo-controlled impact of PCI on stress echo score (Pinteraction =0.799, Figure 3A). Furthermore, when lesion length was used as a predictor of the placebo-controlled impact of PCI on symptom endpoints, there was no significant effect on exercise time (Pinteraction =0.947, Figure 3B), SAQ angina frequency score (Pinteraction =0.891, Figure 3C) or freedom from angina (Pinteraction =0.879, Figure 3D).
Inter and intra-observer agreement in assessment of pattern of disease by iFR Pullback and DSE reporting
There was good inter-observer agreement across 6 raters, each assessing 164 individual pullback traces (Fleiss’ Kappa 0.603). The intra-observer agreement between an individual assessor’s first and second assessments of pullback traces was also good (Fleiss’ Kappa 0.799). 

The mean inter- and intra-observer absolute differences of the stress echocardiography score were 1.3 and 0.9 stress echocardiography units, respectively. 

Sensitivity analysis 
Our sensitivity analysis restricted the eligible cohort to those with pre-randomization physiological values of FFR ≤0.80 (Supplementary Table 1A), and iFR ≤0.89 (Supplementary Table 1B).



DISCUSSION

This is the first placebo-controlled data to assess the efficacy of PCI stratified by the physiological pattern of CAD. Focal stenoses were associated with significantly lower pre-randomization FFR and iFR values than diffusely diseased vessels. After adjustment for the difference in absolute ischemia, we found that PCI for physiologically focal stenoses offered significantly greater improvements in stress echocardiography documented ischemia than PCI for physiologically diffuse disease. 

However, no such relationship was observed for the symptom endpoints. Specifically, when adjusted for baseline iFR and FFR values, there was no detectable difference in the placebo-controlled increase in exercise time following PCI for physiologically focal compared to diffuse disease. Similarly, the physiological pattern of disease did not predict the placebo-controlled efficacy of PCI on angina frequency or freedom from angina.

Our second analysis, which stratified patients according to anatomic rather than physiological criteria, showed no association between QCA lesion length and the placebo-controlled impact of PCI on stress echocardiography ischemia or any symptom endpoint. Physiologically diffuse lesions were only marginally longer anatomically than physiologically focal stenoses. This likely reflects the weak correlation between visual assessment of the coronary angiogram and the invasive physiological pattern of disease when assessors are blinded to the physiological results.

Previous stratified analyses of ORBITA have tested the association between severity of pre-randomization ischemia and symptomatic improvement following PCI.7,9 Given that there was no detectable interaction between invasive physiology (FFR or iFR) and the efficacy of PCI on exercise time or symptoms,7 we performed the present analysis to test the hypothesis that PCI may be more effective in treating focal stenoses than diffusely diseased arteries. 

The theory for this assumption is clear: optimal PCI in diffuse disease is more challenging because the magnitude of physiological benefit per unit of stented segment is diminished. Furthermore, residual disease, particularly in the distal vessel, may contribute to ischemia, but will not be amenable to PCI. 

ORBITA has helped our understanding of the relationship between coronary stenosis, ischemia and symptoms. We assume that restriction of epicardial blood flow caused by coronary stenoses, focal or diffuse, results in hemodynamic insufficiency and myocardial ischemia during stress. With sufficient ischemia, a wall motion abnormality may become evident. However, the mass of ischemic myocardium required to cause downstream symptomatic manifestations (angina) was previously unknown. 

The design of ORBITA allowed the sequence of steps in this model to be tested. Invasive physiological assessments of ischemia (FFR and iFR) predicted the improvement in stress echo ischemia from PCI but not placebo-controlled symptomatic benefit.7 However, the DSE-stratified analysis of ORBITA showed that at stress echo scores of ≥1 (i.e. ≥1 segment of hypokinesia), PCI resulted in a placebo-controlled reduction in patient-reported frequency of angina.9 Overall, this suggests that targeting ischemia testing further downstream, where abnormalities reflect the total burden of ischemic myocardium, allows identification of patients that may be most likely to benefit symptomatically from PCI. While high-precision invasive physiological measurements made upstream in the cascade are vessel-specific and provide an invaluable measurement of ischemia in the catheterization laboratory, they may be too sensitive to make predictions of symptomatic benefit from PCI. This may explain the absence of an interaction between iFR-pullback assessments and the efficacy of PCI on symptomatic endpoints.

However, if we accept that ischemia is a continuum and move away from dichotomous cut-points, tools such as iFR pullback have a valuable place in the management of stable CAD. By preventing the loss of information content that occurs through dichotomization, these tools present a more complete assessment of vessel characteristics. They are also useful for optimization of the hemodynamic result of PCI. The DEFINE-PCI study performed blinded iFR-pullback following angiographically successful PCI, to determine the cause of any residual ischemia.8 It found that 81.6% of patients with an iFR value <0.90 post-PCI had untreated focal stenoses. Randomized data are required to test the utility of pullback technology. To this end, we await the results of the international DEFINE-GPS trial which will address event endpoints.17 For symptom endpoints, blinded studies are required.

The recently reported ISCHEMIA trial showed prognostic clinical equipoise for an invasive versus conservative strategy in stable CAD.18 Symptom and quality of life improvement is now the main goal of revascularization in this setting. However, the results of this analysis once again show that the relationship between ischemia and symptoms is much more complex than we had hoped. 

Study Limitations
iFR pullback data were available for 164 of the 200 randomized ORBITA participants (82%). This sample size may limit the power of this analysis. iFR pullback, rather than FFR pullback was used in this analysis because the use of a hyperemic index such as FFR for longitudinal vessel analysis has been shown to be limited by hemodynamic “cross-talk” between serial stenoses in the same vessel.19 Resting indices such as iFR-pullback appear to be less vulnerable to this phenomenon.4,20

Patients were selected for inclusion in the ORBITA trial on the basis of single vessel coronary disease, symptomatic angina, and the absence of severe left ventricular impairment or severe valvular disease. This is a very specific cohort chosen because it makes it straightforward to draw inferences about the relationship between lesion characteristics and the placebo-controlled effect of PCI. Moreover, it should be remembered that the majority of elective PCI is conducted for single vessel disease.21 It is unknown from the present data whether diffuse disease involving multiple vessels instead of only a single vessel would respond any differently to PCI. 

The prevalence of diabetes mellitus was low across the cohort, which may be reflective of the fact that only patients with single vessel disease were eligible for enrolment. This is unlikely to have artificially reduced the symptomatic effect of PCI. Patients with multivessel disease will be eligible for inclusion in the ORBITA-2 trial which is currently enrolling.

Interestingly, in this sub-study of the ORBITA trial, placebo-controlled PCI resulted in an improvement in SAQ angina frequency score. While there was a trend to this relationship in previously published reports7,9 this was not statistically significant. This reflects chance differences in the cohorts eligible for the analyses.

Operators were blinded to iFR pullback traces during the randomization procedure, and therefore did not use this data to guide PCI. Angiography alone may underestimate the extent of diffuse disease resulting in shorter stent length. This is reflected in the procedural characteristics which show no difference in stent length between the focal and diffuse categories. The results of this analysis should be interpreted in this context; physiologically diffuse disease may have been underappreciated by the blinded operators who could only use angiography and intravascular imaging, at their discretion, to guide their procedure.  Larger trials are needed to study whether PCI guided by unblinded pressure wire pullback and co-registration technology, in addition to intravascular imaging, can improve outcomes.  

It could be argued that a favourable disease pattern in combination with a sufficiently low absolute iFR or FFR value may identify symptomatic responders to PCI. However, we have not further stratified diffuse and focal categories according to their absolute distal iFR value because further subdivision of groups is likely to be underpowered. The larger sample size offered by the ORBITA-2 trial may permit further stratification of results according to disease pattern, degree of ischemia and per-vessel analysis (left anterior descending, circumflex and right coronary artery).

In the absence of an accepted gold-standard criteria to define a focal stenosis, we applied the same definitions utilized by the physiology Core Laboratory at the Cardiovascular Research Foundation for the DEFINE-PCI study.8 The result of this analysis is therefore subject to the criteria that were applied for the identification of focal disease.  Furthermore, pressure wire pullback was not automated, and instead was performed manually. Differences in the speed of pullback may have made precise determination of a 15mm distance, as specified in our definition of focal disease, more challenging. Contemporary co-registration technology was not available for the majority of the time period of the trial but may aid similar analyses in the future. 

Conclusions

In this analysis of ORBITA, stratified by the physiological pattern of disease, focal stenoses were associated with significantly lower pre-randomization FFR and iFR values than diffusely diseased vessels. With adjustment for this difference, placebo-controlled PCI for focal stenoses offered significantly greater reduction in stress echocardiography ischemia than PCI of diffusely diseased arteries. However, we did not observe any independent effect of the pattern of CAD on the placebo-controlled benefit of PCI on symptom endpoints. The absence of an interaction between physiological pattern of disease and symptom improvement from placebo-controlled PCI may reflect a weak association between invasive hemodynamic changes and symptom relief and requires further study. 
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FIGURE LEGENDS
Graphic Abstract
Examples of iFR pullback traces demonstrating (A) focal disease, (B) diffuse pattern of disease, and (C) mixed pattern of disease. For analysis, mixed disease patterns were grouped with diffusely diseased vessels. 

Figure 1: Impact of placebo-controlled PCI on DSE ischemia
(A) Impact of PCI and placebo on DSE ischemia according to physiological pattern of disease, adjusted for baseline iFR (Ai) and baseline FFR (Aii). (B): Placebo controlled impact of PCI on DSE ischemia in diffuse and focal stenoses, adjusted for baseline iFR (B(i)) and baseline FFR (B(ii)).

Figure 2: Effect of physiological pattern of disease on the impact of placebo-controlled PCI on symptom endpoints
The association between pattern of CAD as assessed by iFR-pullback and the benefit of PCI over placebo for (A) exercise time, (B) SAQ angina frequency and (C) SAQ derived freedom from angina, after adjustment for baseline iFR values.

Figure 3: Impact of QCA lesion length on placebo-controlled efficacy of PCI on DSE and symptom endpoints
The impact of lesion length on (A) stress echo score, (B) exercise time, (C) SAQ angina frequency and (D) SAQ derived freedom from angina.
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Table 1: Patient demographics at enrolment
	
	Focal
	Diffuse

	
	PCI
(n=48)
	Placebo
(n=35)
	All
(n=83)
	PCI
(n=37)
	Placebo
(n=44)
	All
(n=81)

	Age
	64.6±8.9
	65.3±8.9
	64.9±8.8
	65.9±10.0
	65.8±7.1
	65.8±8.5

	Male
	36(75)
	25(71.4)
	61(73.5)
	23(62.2)
	32(72.7)
	55(67.9)

	Hypertension
	33(68.8)
	25(71.4)
	58(69.9)
	27(73.0)
	31(70.5)
	58(71.6)

	Hypercholesterolemia
	32(66.7)
	21(60.0)
	53(63.9)
	32(86.5)
	31(70.5)
	63(77.8)

	Diabetes Mellitus
	6(12.5)
	8(22.8)
	14(16.9)
	6(16.2)
	10(22.7)
	16(19.8)

	Previous MI
	4(8.3)
	4(11.4)
	8(9.6)
	0(0.0)
	3(6.8)
	3(3.7)

	Previous PCI
	4(8.3)
	4(11.4)
	8(9.6)
	5(13.5)
	9(20.5)
	14(17.3)

	Canadian Cardiovascular Society Angina Grade

	I
	0(0.0)
	2(5.7)
	2(2.4)
	1(2.7)
	0(0.0)
	1(1.2)

	II
	27(56.2)
	20(57.1)
	47(56.6)
	24(64.9)
	26(59.1)
	50(61.7)

	III
	21(43.8)
	13(37.1)
	34(41.0)
	12(32.4)
	18(40.9)
	30(37.0)

	Angina duration (months)
	8.4±9.4
	8.0±8.1
	8.3±8.9
	12.6±23.9
	8.9±7.7
	10.6±17.1

	Clinical pre-enrolment positive functional test (Any)
	26(54.2)
	15(42.9)
	41(49.4)
	21(56.8)
	19(43.2)
	40(49.4)

	ETT
	14(29.2)
	5(14.3)
	19(22.9)
	6(16.2)
	8(18.2)
	14(17.3)

	MIBI
	6(12.5)
	5(14.3)
	11(13.3)
	3(8.1)
	5(11.4)
	8(9.9)

	DSE
	6(12.5)
	5(14.3)
	11(13.3)
	12(32.4)
	5(11.4)
	17(21.0)

	MRI Perfusion study
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)
	1(2.7)
	1(1.2)




Values indicate n (%) or mean  SD. (PCI = Percutaneous Coronary Intervention, ETT = Exercise Tolerance Test, MIBI = Nuclear Medicine Myocardial Perfusion Scan, DSE = Dobutamine Stress Echocardiography, MRI = Magnetic Resonance Imaging)




Table 2: Procedural Characteristics
	
	Focal
	Diffuse

	
	PCI
(n=48)
	Placebo
(n=35)
	All
(n=83)
	PCI
(n=37)
	Placebo
(n=44)
	All
(n=81)

	    Left anterior  descending
	31 (64.6)
	19 (54.3)
	50 (60.2)
	27 (73.0)
	39 (88.6)
	66 (81.5)

	    Right coronary 
	7 (14.6)
	10 (28.6)
	17 (20.5)
	6 (16.2)
	2 (4.5)
	8 (9.9)

	    Circumflex
	5 (10.4)
	4 (11.4)
	9 (10.8)
	3 (8.1)
	2 (4.5)
	5 (6.2)

	    First OM
	3 (6.3)
	0 (0.0)
	3 (3.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	    First diagonal
	1 (2.1)
	1 (2.9)
	2 (2.4)
	1 (2.7)
	1 (2.3)
	2 (2.5)

	    Intermediate
	1 (2.1)
	1 (2.9)
	2 (2.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Serial lesions on angiography
	7 (14.6)
	5 (14.3)
	12 (14.5)
	6 (16.2)
	6 (13.6)
	12 (14.8)

	Quantitative coronary angiography

	Lesion length (mm)
	14.7 ± 7.0
	12.7 ± 5.3
	13.9 ± 6.4
	15.6 ± 8.2
	14.9 ± 6.9
	15.2 ± 7.5

	No. patients with diameter stenosis  50% by QCA
	46 (95.8)
	32 (91.4)
	78 (94.0)
	26 (70.3)
	35 (79.5)
	61 (75.3)

	Diameter stenosis by QCA
	69.9 ± 12.0
	69.8 ± 14.6
	69.8 ± 13.1
	55.2 ± 9.9
	57.6 ± 9.7
	56.5 ± 9.8

	Area stenosis by QCA
	88.4 ± 9.0
	87.6 ± 10.9
	88.1 ± 9.8
	78.3 ± 9.3
	80.2 ± 8.3
	79.4 ± 8.8

	Invasive physiology

	FFR
Median (IQR)
	0.60 ± 0.15

0.60 (0.23)
	0.60 ± 0.16

0.63 (0.27)

(n=34)
	0.60 ± 0.15

0.61 (0.25)

(n=82)
	0.80 ± 0.10

0.82 (0.16)
	0.77 ± 0.10

0.77 (0.12)

(n=43)
	0.78 ± 0.10

0.78 (0.14)

(n=80)

	iFR
Median (IQR)
	0.66 ± 0.24

0.72 (0.42)
	0.65 ± 0.24

0.68 (0.42)
	0.65 ± 0.24

0.72 (0.42)
	0.90 ± 0.07

0.91 (0.09)
	0.87 ± 0.08

0.88 (0.09)
	0.88 ± 0.08

0.89 (0.09)

	No. Patients with FFR  0.80
	44 (91.7)
	31 (91.2)

(n=34)
	75 (91.5)

(n=82)
	18 (48.6)
	28 (65.1)

(n=43)
	46 (57.5)

(n=80)

	No. Patients with iFR  0.89
	40 (83.3)
	32 (91.4)
	72 (86.7)
	16 (43.2)
	27 (61.4)
	43 (53.1)

	Characteristics of PCI

	Stent length (mm)
Median (IQR)
	27.7 ± 12.5

25(16.3)
	-
	-
	26.2 ± 13.7

23(12)
	-
	-

	Stent Diameter (mm)
Median (IQR)
	2.98 ± 0.46

3(0.25)
	-
	-
	3.13 ± 0.44

3(0.75)
	-
	-

	FFR post-PCI (n=84)
Median (IQR)
	0.90 ± 0.05

0.89(0.06)
	-
	-
	0.89 ± 0.07

0.91(0.07)
	-
	-

	iFR post-PCI 
Median (IQR)
	0.95 ± 0.04

0.94(0.04)
	-
	-
	0.95 ± 0.04

0.95(0.06)
	-
	-

	No. patients with post-FFR >0.80 
	45(95.7)

(n=47)
	-
	-
	34(91.9)
	-
	-

	No. patients with post-iFR >0.89
	47(97.9)
	-
	-
	34(91.9)
	-
	-



Values indicate n (%) or mean  SD. (PCI = Percutaneous Coronary Intervention, FFR = Fractional Flow Reserve, iFR = Instantaneous wave-Free Ratio, QCA = Quantitative Coronary Angiography) 
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Figure 1

[image: Diagram

Description automatically generated]
Figure 2: 

[image: Chart, box and whisker chart

Description automatically generated]



Figure 3: 
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