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Abstract 

Background and Aims: Fractional flow reserve (FFR) is the most widely used intracoronary 
physiological index to guide coronary revascularization but does not allow for a precise assessment 
of plaque morphology. The combined use of near-infrared spectroscopy (NIRS) and intravascular 
ultrasound (IVUS) can detect angiographically non-obstructive lesions with high lipid content and 
large plaque burden, which are associated with an increased risk of future adverse cardiac events. 
The aim of this study is to perform an integrated assessment of angiographically intermediate 
coronary lesions using both FFR and IVUS-NIRS, in order to evaluate the distribution of plaque 
vulnerability features—assessed by IVUS-NIRS—in functionally significant and non-significant 
lesions. Methods: This was a double-center, observational, prospective study including patients 
undergoing coronary angiography for both stable coronary artery disease and acute coronary 
syndrome provided they had at least one angiographically borderline (40–70%) stenosis. The index 
lesion was evaluated with both FFR and IVUS-NIRS; revascularization decisions were guided by the 
FFR result. The following features were considered markers of plaque vulnerability: minimal lumen 
area (MLA) < 4.0 mm², plaque burden (PB) > 70%, and maximum lipid core burden index within any 
4 mm segment (maxLCBI4mm) > 325. High-risk plaques were defined by the simultaneous presence 
of all three criteria. Results: A total of 57 patients were enrolled (mean age: 66 years; 18% women), 
and 57 lesions were assessed using both FFR and IVUS-NIRS. Acute coronary syndrome was the 
admission diagnosis in 72% of patients. Twenty-five lesions with FFR < 0.80 were classified as Group 
A, while the remaining 32 lesions with FFR > 0.80 were labeled as Group B. The percentage of lesions 
with MLA < 4 mm² and plaque burden > 70% was 72% and 67%, respectively, with no significant 
differences between Groups A and B. On NIRS analysis, 23% of lesions had a maxLCBI4mm > 325, 
again with no significant difference between the two groups. High-risk plaques—defined by the 
concurrent presence of MLA < 4 mm², plaque burden > 70%, and maxLCBI4mm > 325—were 
identified in 18% of patients. The prevalence of high-risk plaques did not differ significantly between 
Groups A and B (12% vs. 22%, P = 0.33). Conclusions; Plaque vulnerability criteria are equally 
distributed between functionally significant and non-significant coronary lesions, and the prevalence 
of high-risk plaques (defined by the simultaneous presence of MLA < 4 mm², PB > 70%, and 
maxLCBI4mm > 325) does not differ significantly between the two groups. Notably, 22% of FFR-
negative lesions managed conservatively are characterized by the presence of high-risk plaques. 
Further studies are needed to determine whether these lesions warrant interventional treatment or a 
more intensive pharmacological approach. 
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Introduction 

Fractional flow reserve (FFR) is the most widely used intracoronary physiology index to guide 
coronary revascularization strategy in the catheterization laboratory. The safety of FFR as a decision-
making tool has been documented in studies that mainly involved patients affected by stable 
coronary artery disease [1], but has recently also been demonstrated in the context of acute coronary 
syndromes [2,3].  

Multiple large randomized trials showed that stenoses with an FFR < 0.80 have a poor prognosis 
and require treatment by PCI whereas PCI of lesions with FFR > 0.80 can be safely deferred [4]. The 
safety of deferring revascularization in FFR-negative lesions stems from the benefit of identifying 
lesions that are non-flow limiting and with a low risk of triggering acute ischaemic events.  
However, FFR does not allow precise assessment of plaque morphology and cannot detect 
atherosclerotic lesions with unstable features, which may identify patients at higher risk of acute 
coronary events while presenting without flow limitation [5]. 

In previous intravascular ultrasound (IVUS) studies, lesion characteristics that were predictive 
of events associated with non-culprit lesions included a large plaque burden, a small luminal area, 
and thin-cap fibroatheromas (TFCA) [6]. In diabetic patients mainly affected by stable coronary artery 
disease, optical coherence tomography (OCT) allowed to detect unstable plaques with TFCA in 25% 
of FFR-negative lesions, which were associated with a five-fold higher rate of MACE despite the 
absence of ischaemia [7]. Among patients with myocardial infarction and FFR-negative non-culprit 
lesions, the presence of a high-risk plaque, defined by OCT analysis, was associated with a worse 
clinical outcome [8].  

Near-infrared spectroscopy (NIRS) is a further imaging modality to identify vulnerable lesions 
through the automated detection and quantification of lipid content [9]. In the PROSPECT II study, 
the combined use of NIRS and intravascular ultrasound, allowed to detect angiographically non-
obstructive lesions with a high lipid content and large plaque burden that were at increased risk for 
future adverse cardiac outcomes [10].  

In the PREVENT trial, treatment of vulnerable plaques, detected by OCT and IVUS-NIRS 
criteria, with a preventive percutaneous coronary intervention strategy reduced the risk of major 
cardiovascular events compared to medical therapy [11].  

To aim of this study is to perform an integrated assessment of angiographically intermediate 
coronary lesions by FFR and IVUS-NIRS and to evaluate the distribution of plaque vulnerability 
features, assessed by IVUS-NIRS, in functionally significant and non-significant lesions.  

Material and Methods 

The INTERFERE (NCT02985112) is an observational, prospective, study that was conducted in 
two italian sites (Misericordia Hospital, Grosseto and University of Ferrara, Ferrara).    

Subjects undergoing coronary angiography for stable coronary artery disease, non-ST-segment 
elevation acute myocardial infarction (NSTEMI) and unstable angina were eligible for enrollment if 
they had at least one angiographically borderline stenosis (≥ 40, <70% by Quantitative Coronary 
Angiography, QCA) with normal antegrade flow (TIMI 3). The index lesion was evaluated by FFR; 
afterwards, plaque composition and lesion characteristics were evaluated by intravascular 
ultrasound (IVUS) and NIRS. Revascularization of the index lesions was guided by the FFR findings 
according to current guidelines on myocardial revascularization [12]: patients with exclusively FFR-
positive lesions (i.e. FFR < 0.80) underwent mandatory revascularization. Patients with FFR-negative 
index  lesion (i.e. FFR > 0.80) were treated by guideline-recommended optimal medical therapy.  
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Patients with hemodynamic instability, ST-segment-elevation myocardial infarction, known 
allergy to antiplatelet or anticoagulant drugs, history of previous surgical revascularization, 
significant left main disease, life expectancy < 1 year, severe renal failure, malignancy, scheduled 
valve surgery, inability to provide informed consent, known bronchial asthma, age < 18 were 
excluded. 

The IVUS-NIRS system, as used in this study, consists of a 3.2-F rapid exchange catheter, a 
pullback and rotation device, and a console (InfraReDx, Burlington, Massachusetts). Image 
acquisition was performed by a motorized catheter pullback at a speed of 0.5 mm/s and 240 rpm in 
the target vessel, starting distal to the index lesion. The system performed 1,000 chemical 
measurements per 12.5 mm, in which each measurement interrogated 1 to 2 mm2 of vessel wall from 
a depth of approximately 1 mm in the direction from the luminal surface toward the adventitia [13]. 
NIRS data generate a chemogram, which is a colour-coded distribution of lipid probability with the 
x-axis corresponding to the axial vessel position (0·1 mm per pixel) and the y-axis corresponding to 
the circumferential position (1° per pixel). Low probability of lipid is shown as red and high 
probability of lipid is shown as yellow [14]. The lipid core burden index (LCBI) is the fraction of pixels 
with probability of lipid greater than 0·6 divided by all analysable pixels within the region of interest, 
multiplied by 1000. MaxLCBI4mm is defined as the maximum LCBI within any 4 mm pullback 
length across the entire lesion (appendix p 26). LCBI and maxLCBI4mm reported measures range 
from 0 to 1000, equivalent to 0% to 100% yellow pixels in the region of interest.   

Based on the results of the PROSPECT and PROSPECT 2 studies, we considered the following 
features as markers of vulnerable plaques: a minimal lumen area of less than 4.0 mm² by intravascular 
ultrasonography; a plaque burden of more than 70% by intravascular ultrasonography; a lipid-rich 
plaque by near-infrared spectroscopy (defined as maximum lipid core burden index within any 4 
mm pullback length [maxLCBI4mm] >325)vi,x. The definition of high-risk plaque required the 
simultaneous presence of these three criteria.  

IVUS and NIRS images were analyzed offline by an independent core laboratory (Euroimaging 
Srl, Rome). Core laboratory personnel were blinded to all other patient and outcome data. 

The occurrence of MACEs (composite of all-cause mortality, non-fatal MI or unplanned 
revascularization) was also evaluated at long-term follow.   

Statistical Analysis  

The normal distribution of continuous variables was assessed through the Kolmogorov-Smirnov 
test. Continuous variables were presented as means (standard deviation [SD]) or median 
(interquartile range [IQR]), and comparisons of patient-level variables were conducted using either 
the Student t-test or the Mann-Whitney test, as deemed appropriate. Categorical variables were 
summarized by frequency and percentage and compared with Pearson Chi-square or Fisher exact 
test, as appropriate. A 2-sided P value ≤ 0.05 was considered statistically significant.  

The analysis of the major cardiovascular events was performed comparing patients with and 
without a high-risk plaque. Patients were censored at their last known moment of follow-up. Time-
to-event data for the primary end point were presented descriptively using Kaplan-Meier curves, and 
a log-rank test was used to evaluate whether there was a difference between the groups. Analyses 
were performed using Prism (GraphPad Software 225 Franklin Street. Fl. 26 Boston, MA 02110).  

Results 

From march 2014 to december 2019 a total of 57 patients in two Italian study centers were 
enrolled in the study and 57 lesions were analysed by both FFR and IVUS-NIRS.  

Table 1 shows patient demographics and procedural characteristics.  Median age was 66 years 
and 18 % of the patients were females. The majority of patients (>70%) were treated for acute coronary 
syndromes and only the 28% of them was admitted with a diagnosis of stable coronary disease. A 
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quarter of patients had a previous acute coronary syndrome and a third of them a previous 
percutaneous coronary revascularization. 

Table 1. baseline characteristics. 

 Total FFR < 0.80 FFR > 0.80 p-value 
 N=57 N= 25 N= 32  

Age 65.7±10 67.1±11 64.7±10 0.51 
Male_gender N(%) 47 (82) 22 (88) 25 (78) 0.33 

Diabetes 16 (28) 8 (32%) 8 (25%) 0.57 
Previous ACS 14 (25%) 9 (36%) 5 (16%) 0.12 
Previous PCI 19 (33%) 11 (44%) 8 (25%) 0.16 

Previous CABG 0 (0%) 0 (0%) 0 (0%)  
Previous stroke 3 (5%) 0 (0%) 3 (9%) 0.25 

PAD 6 (11%) 4 (16%) 2 (6%) 0.39 
Presentation     

STEMI 5 (9%) 1 (4%) 4 (12%) 0.37 
NSTEMI 21 (37%) 10 (40%) 11 (34%) 0.78 

UA 15 (26%) 7 (28%) 8 (25%) 0.99 
Stable CAD 16 (28%) 7 (28%) 9 (28%) 0.99 

BMI 25.5±6.3 24.9±6.7 26.1±5.9 0.48 
Hypertension 41 (72%) 23 (92%) 18 (56%) 0.003 

Hypercholesterolemia 34 (60%) 18 (72%) 16 (50%) 0.11 
Family history of CAD 12 (21%) 4 (16%) 8 (25%) 0.52 

Active smoker 12 (21%) 9 (36%) 3 (9%) 0.02 
Past smoker 20 (35%) 8 (32%) 12 (37%) 0.78 

Diabetes 16 (28%) 8 (32%) 8 (25%) 0.57 
ASA 55 (96%) 25 (100%) 30 (94%) 0.50 

Clopidogrel 18 (32%) 11 (44%) 7 (22%) 0.09 
Prasugrel 1 (2%) 0 (0%) 1 (3%) 0.99 
Ticagrelor 27 (47%) 12 (48%) 15 (47%) 0.99 

Betablocker 42 (74%) 18 (72%) 24 (75%) 0.99 
ACEI or ARB 52 (91%) 23 (92%) 29 (91%) 0.99 

Statin 54 (95%) 23 (92%) 31 (97%) 0.58 
Total Cholesterol mg/dl 170.8±49.7 173.1±50.1 169.8±48.5 0.83 

LDL mg/dl 98.8±46.7 97.3±48.2 100±46.6 0.86 
HDL mg/dl 45.1±11.3 44.6±10.2 45.4±12.3 0.82 

Triglyceride mg/dl 136.3±85.4 158.5±110.9 119.2±55.8 0.16 
Creatinine mg/dl 1.09±0.50 1.04±0.4 1.13±0.57 0.55 

GFR (ml/min) 79.9±29.3 80.1±33.3 79.0±26.0 0.83 
Number of diseased vessels     

   1 24 (42%) 6 (24%) 18 (56%) 0.02 
   2 21 (37%) 11 (44%) 10 (31%) 0.41 
   3 12 (21%) 8 (32%) 4 (12%) 0.10 

SYNTAX score 12.0±5.4 13.8±5.6 10.6±4.8 0.03 
Index lesion LAD 39 (68%) 20 (80%) 19 (59%) 0.15 
Index lesion Cx 7 (12%) 5 (20%) 2 (6%) 0.22 

Index lesion RCA 11 (19%) 1 (4%) 10 (31%) 0.02 
Index lesion MLA 3.6±1.2 3.6±1.1 3.6±1.2 0.93 

Plaque burden at MLA (%) 73.3±7.9 74.2±7.2 72.6±8.4 0.44 

LCBImax 4mm around MLA 204±160 195.2 140.9 210.9 
175.3 0.72 
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MLA < 4 mm2 41 (72%) 19 (76%) 22(69%) 0.55 
Plaque burden at MLA > 70% 38 (67%) 19 (76%) 19 (59%) 0.26 

LCBImax 4 mm around MLA > 325  13 (23%) 3 (12%) 10 (31%) 0.12 
High risk plaques (MLA < 4 mm2 + PB > 70% + 

LCBImax 4 mm around MLA > 325) 
10 (18%) 3 (12%) 7 (22%) 0.33 

Table 2. Clinical outcome at long-term follow-up. . 

Major cardiovascular events in high-risk and non high-risk lesions: general population 

 Total High risk lesions 
Non high-risk 

lesions p-value 

 N=57 N= 10 N= 47  
All-cause death 10 (18%) 2 (20%) 8 (17%) 0.82 

Myocardial infarction  1 (2%) 0 (0%) 1 (2%) 0.64 
Unplanned 

revascularization 
2 (4%) 0 (0%) 2 (4%) 0.51 

Composite end-point:  
all-cause death, myocardial 

infarction, unplanned 
revascularization 

12 (21%) 2 (20%) 10 (21%) 0.93 

Major cardiovascular events in high-risk and non high-risk lesions: patients with negative FFR 

 Total High risk lesions 
Non high-risk 

lesions p-value 

 N=32 N= 7 N= 25  
All-cause death 6 (19%) 2 (29%) 4 (16%) 0.45 

Myocardial infarction  0 (0%) 0 (0%) 0 (0%)  
Unplanned 

revascularization 
1 (3%) 0 (0%) 1 (4%) 0.59 

Composite end-point:  
all-cause death, myocardial 

infarction, unplanned 
revascularization 

7 (22%) 2 (29%) 5 (20%) 0.63 

Most of patients were discharged with an indication to dual antiplatelet therapy and optimized 
lipid-lowering therapy (i.e. maximum tolerated dose) throughout the follow-up period.  The index 
lesion was located in the LAD in almost 70% of cases.   

Twenty-five lesions showed a FFR value < 0.80, were treated by PCI and represented the group 
A: the remaining 32 lesions with a negative FFR (> 0.80) and addressed to medical treatment were 
labeled as group B.  

Clinical and demographics characteristics were similar in both groups. The IVUS analysis 
showed a MLA of 3.6±1.2 mm2 and a plaque burden at the site of MLA of 73.3±7.9 % with no 
difference between the two groups.  The percentage of lesions with MLA < 4 mm2 and with plaque 
burden > 70% was 72% and 67% respectively with non significant differences between group A and 
B (Figure 1).     
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Figure 1. Prevalence of high risk features in functionally significant and non sgnificant lesions. FFR = fractional 
flow reserve, MaxLCBI4mm = maximum lipid core burden index within any 4 mm segment, MLA = minimal 
lumen area, PB = plaque burden. 

At the NIRS analysis, the LCBI 4 mm around MLA was 204±160 and the percentage of patients 
with a LCBI 4 mm around MLA > 325 was 23% with no difference between the two groups (Figure 
1).   

High risk plaques (defined by the simultaneous presence of the three plaque vulnerability 
features, MLA < 4 mm2, plaque burden > 70% and LCBI 4 mm around MLA > 325) were detected in 
the 18% of patients.  The prevalence of high risk plaques was not different between groups A and B 
(12% vs 22%, P=0.33) (Figure 2). 

 

Figure 2. Prevalence of high risk plaques in functionally significant and non sgnificant lesions. . 
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The incidence of MACEs (composite of cardiovascular death, myocardial infarction and 
unplanned revascularization) was also assessed at a mean follow-up of 2896 ± 57 days in subjects 
with  high-risk and non high-risk lesions. No difference was detected between the two groups in the 
overall population: in the subgroup of patients with functionally non-significant stenoses, a trend 
toward an increased risk of events in the high-risk lesion group was detected with no statistically 
significance difference. 

 

Figure 3. Evolution of a functionally non-significant proximal left descending artery lesion (red arrow) exhibiting 
all three high-risk morphological features. The plaque showed a significant stenosis progression causing an acute 
coronary syndrome within 1 year from the index angiogram. FFR = fractional flow reserve, MaxLCBI4mm = 
maximum lipid core burden index within any 4 mm segment, MLA = minimal lumen area, PB = plaque burden. 

Discussion 

The major findings of this study are as follows: 1) plaque vulnerability criteria are equally 
distributed between functionally significant and non-significant coronary lesions, 2) the prevalence 
of high-risk plaques—defined by the simultaneous presence of three vulnerability features (MLA < 4 
mm², PB > 70%, and maxLCBI₄mm > 325) does not differ significantly between functionally significant 
and non-significant lesions, 3) twenty-two percent of FFR-negative lesions, managed with 
pharmacological treatment, are characterized by the presence of high-risk plaques. 

Our study provides new insights into the relationship between plaque composition and FFR 
values, clearly demonstrating that non-flow-limiting lesions can exhibit morphological features of 
plaque vulnerability, similar to those observed in functionally significant stenoses, which are 
typically treated invasively.  

Similar results were observed in the COMBINE OCT–FFR trialvii. In that study, OCT-detected 
vulnerable plaques were present in up to 25% of angiographically intermediate, FFR-negative lesions 
and were responsible for over 80% of future adverse events despite optimal medical therapy. 
Conversely, the remaining 75% of FFR-negative lesions without vulnerability features were 
associated with a low risk of future events. 
The percentage of high-risk, non-significant stenoses in the COMBINE OCT–FFR trial (25%) closely 
aligns with our findings (22%). The slight discrepancy may be explained by differences in study 
populations: the COMBINE OCT–FFR cohort consisted exclusively of diabetic patients.  
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A higher prevalence of high-risk plaques was reported in the PECTUS trial (34%), which 
enrolled only patients with acute coronary syndromes (STEMI and NSTEMI) viii. In such populations, 
the detection of vulnerable plaques in non-culprit lesions is expected to be more frequent. 

In the more recent PREVENT trial, the prevalence of high-risk plaques among FFR-negative 
lesions was substantially higher (45%)xi. This may be attributed to the use of less stringent criteria for 
plaque vulnerability, defined by the presence of only two features. Additionally, the adoption of a 
lower maxLCBI cutoff (315) may have contributed to the higher observed prevalence. 

The optimal treatment strategy for functionally non-significant lesions with high-risk 
morphological features remains a topic of ongoing debate. In the PREVENT study, prophylactic 
percutaneous coronary intervention (PCI) of non-flow-limiting, vulnerable plaques was associated 
with a lower incidence of major adverse cardiac events during long-term follow-up compared with 
pharmacological therapyxi. However, medical therapy in the study was largely suboptimal, with 
limited use of PCSK9 inhibitors and relatively high LDL-cholesterol targets (60 to 85 mg/dL). Previous 
studies have demonstrated that adding PCSK9 inhibitors to high-intensity statin therapy in patients 
with acute myocardial infarction leads to favorable effects on plaque regression and stabilization, 
including reductions in lipid burden and increases in fibrous cap thickness [15,16]. 

Based on current evidence, the actual impact of functionally non-significant lesions with high-
risk morphological features on cardiovascular outcomes remains uncertain and  the optimal 
treatment strategy for such lesions should be evaluated in large-scale randomized trials.  

Limitations 

This study has some limitations. First, the small sample size may have introduced bias. Second, 
IVUS-NIRS analysis has not been performed in all three coronary vessels: therefore, we might have 
missed high-risk lesions. However, such targeted evaluation might be more feasible in clinical 
practice. Third, we did not perform FFR pullbacks, which may further help distinguish between focal 
and diffuse disease patterns. Fourth, operators were not blinded to IVUS-NIRS findings, which could 
potentially have led to altered decision-making. However, the IVUS-NIRS analyses were performed 
post hoc by an independent core laboratory. 

Conclusions  

In a population of patients predominantly affected by acute coronary syndrome, plaque 
vulnerability features are similarly distributed between functionally significant and non-significant 
coronary lesions, with no significant difference in the prevalence of high-risk plaques between the 
two groups. Notably, more than one-fifth of FFR-negative lesions managed conservatively exhibit 
high-risk characteristics; however, further studies are required to determine whether these lesions 
would benefit from interventional treatment or a more intensive pharmacological strategy. 
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