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Abstract
Aims: Fractional flow reserve (FFR) can be used to detect a suboptimal result after percutaneous coro-
nary intervention (PCI). A lower post-procedure FFR (<0.90) has been shown to be associated with adverse 
clinical outcomes at follow-up. This pilot study aimed to understand the mechanisms resulting in a subopti-
mal FFR and whether optical coherence tomography (OCT)-guided optimisation could improve final FFR.

Methods and results: Thirty-five patients undergoing complex PCI were prospectively enrolled. After 
stenting and post-dilatation, OCT and pressure wire were performed. An FFR threshold <0.90 after PCI was 
defined as suboptimal and mandated further PCI optimisation. A satisfactory post-PCI FFR (predefined as 
≥0.90) was achieved immediately after conventional PCI in 14 patients (40%) and in this group no further 
treatment was performed. Minor abnormalities (stent malapposition of 200-500 µm) were observed with 
OCT in three of these patients. Suboptimal functional results after conventional stenting (predefined as an 
FFR <0.90) were found in 21 patients (60%). In thirteen out of these 21 patients (61.9%), OCT demon-
strated a suboptimal stent result. Subsequent OCT-guided optimisation was performed resulting in a higher 
final FFR (increase from 0.80±0.02 to 0.88±0.01; p=0.008).

Conclusions: Despite a satisfactory angiographic result, a suboptimal functional result is evident in a sub-
stantial proportion of patients undergoing complex PCI. Implementation of an OCT-guided PCI optimi-
sation protocol may reveal potentially treatable causes, allowing optimisation of the post-PCI functional 
result.
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FFR/OCT-guided optimisation of PCI

Abbreviations
FFR fractional flow reserve
MACE major adverse cardiovascular events
NSTE-ACS  non-ST-segment elevation acute coronary syndromes
OCT optical coherence tomography
PCI percutaneous coronary intervention
POBA plain old balloon angioplasty

Introduction
FFR measured in the catheterisation laboratory is a widely accepted 
method of assessing ischaemia, with FFR measured prior to PCI 
having a Class IA indication in the European guidelines1. Although 
angiography is an accurate way of assessing the safety of the ini-
tial result of stent deployment, it has limited efficacy to predict the 
physiological result of treatment and subsequent clinical outcome2,3.

In the FAME study, patients with a satisfactory angiographic 
result had a 20% rate of major adverse cardiovascular events 
(MACE) at two years4,5. Subsequent analysis of the final func-
tional result after PCI demonstrated that a lower post-PCI FFR 
was closely associated with a worse vessel-related outcome. These 
data have been confirmed by summated data demonstrating a close 
relationship between impaired post-PCI FFR and poor clinical out-
come in other trials6-16. A threshold of final FFR <0.90 has been 
proposed to define a suboptimal result after stenting8,11,12,15.

Two recent studies have suggested that additional intervention 
may optimise the outcome in patients with suboptimal FFR14,16. 
However, the method by which post-PCI optimisation was per-
formed was not standardised in these studies and the rate of intravas-
cular imaging guidance was low (<10% of cases). OCT is regarded 
as the gold standard for imaging acute stent deployment. A recent 
study suggested that suboptimal stent deployment may occur in 
up to 30% of cases and is linked to a poor clinical outcome17. The 
DOCTORS study by Meneveau et al showed that PCI guided by 
OCT resulted in a higher post-PCI FFR compared to angiography 
alone in patients with NSTE-ACS18. Notably, these investigators 
performed OCT-guided optimisation in every patient irrespective of 
whether initial stenting had a functional result that was satisfactory.

This pilot study aims to investigate the incidence of a subopti-
mal FFR in a consecutive cohort of patients undergoing complex 
PCI and to assess the impact of an algorithm based on combined 
FFR/OCT measurements to guide PCI optimisation.

Methods
The OxOPT-PCI study is a prospective, observational, single-centre 
trial, conducted at the Oxford Heart Centre, Oxford University NHS 
Foundation Trust. The protocol was approved by the local ethics 
committee (REC number 10/H0408/24) and conducted in accord-
ance with the Declaration of Helsinki. A preliminary analysis of the 
data was mandated to assess the efficacy and safety of the approach.

PATIENT POPULATION
Eligible subjects were referred for elective or urgent complex PCI 
between September 2016 and July 2017 at the John Radcliffe 

Hospital, Oxford Heart Centre, United Kingdom. The following 
inclusion criteria were used: (i) age between 30 and 90 years, (ii) 
angiogram showing an angiographically severe lesion, suitable for 
both PCI and intravascular OCT. The following exclusion crite-
ria were applied: (i) ST-elevation myocardial infarction; (ii) revas-
cularisation by balloon angioplasty without stenting; (iii) known 
severe renal failure (estimated glomerular filtration rate [eGFR] 
<30 ml-1 min-1 1.73 m2), history of dialysis, or renal transplant; (iv) pres-
entation with cardiogenic shock; (v) contraindications to adenosine.

STUDY PROTOCOL
Figure 1 shows the study flow chart. All patients underwent con-
ventional angiography-guided stent deployment, until an accept-
able angiographic result was achieved (all treatment decisions at 
this stage were left to the operator’s discretion).

Following completion of conventional PCI, FFR was measured, 
and intracoronary OCT imaging was performed. The study popu-
lation was then divided into two groups based on the observed 
FFR value: Group 1 patients with a suboptimal functional result 
(FFR <0.90); Group 2 patients with a satisfactory functional result 
(FFR ≥0.90). For patients in Group 2, no further PCI optimisa-
tion was performed and OCT acquisition was performed only 
as a safety measure, to assess the frequency of relevant vessel-
related complications (Supplementary Appendix).

Overall population (N=35)

Angiography-guided PCI

FFR/OCT assessment

Group 1 (N=21) Group 2 (N=14)
No PCI 

optimisation performed

Group 1A (N=13)
OCT-guided 

PCI optimisation

Group 1B (N=8)
No PCI 

optimisation performed

NO

NO

 YES

 YES

FFR ≥0.9

OCT fulfils
optimisation

criteria*

Figure 1. Flow chart of the study population and design. *Presence 
of one or more of the following according to CLI-OPCI study 
criteria17: stent underexpansion and/or incomplete lesion coverage 
and/or stent malapposition and/or stent-edge dissection and/or 
intra-stent plaque/thrombus protrusion. FFR: fractional flow 
reserve; OCT: optical coherence tomography; PCI: percutaneous 
coronary intervention
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In patients in Group 1, OCT was performed per protocol after 
achievement of satisfactory angiographic results. OCT was ana-
lysed according to the CLI-OPCI study defining a suboptimal stent 
result according to specific criteria (Supplementary Appendix)17. 
Operators were mandated to perform PCI optimisation according 
to the respective OCT finding (Supplementary Appendix).

After the optimisation procedure, FFR and OCT assessment 
were repeated. If post-optimisation FFR was ≥0.90, procedure 
and protocol were both considered complete. If post-optimisation 
FFR was still <0.90, optimisation was repeated. Optimisation was 
limited to two attempts, unless further optimisation was felt to be 
clinically indicated by the treating operator.

For patients in Group 1 who did not fulfil the OCT criteria 
(Group 1B), further PCI optimisation was not performed.

FRACTIONAL FLOW RESERVE MEASUREMENT
FFR was measured before stenting, after conventional stenting, 
and following each PCI optimisation attempt. A coronary pres-
sure guidewire (St. Jude Medical, St. Paul, MN, USA) was first 
balanced and, after controlling for pressure normalisation, it 
was advanced distal to the lesion. After administration of intra-
coronary nitrates, FFR was measured under maximal hyperae-
mia, using intravenous adenosine (140 mg kg-1 min-1), as the 
ratio between distal coronary pressure (Pd) and aortic pressure 
(Pa). After stenting, in case of suboptimal FFR (<0.90), man-
ual pullback of the pressure wire was performed during maximal 

hyperaemia to localise any area of pressure change. Diffuse 
coronary artery disease was suspected as the underlying cause 
of a suboptimal post-PCI FFR if a continuous gradual increase in 
FFR without clear step-up occurred during pullback of the pres-
sure wire along the course of the coronary artery. In the presence 
of a significant pressure step-up the location of the pressure wire 
was matched with the coronary angiogram. Subsequently, ana-
tomical landmarks were identified on the angiogram (e.g., side 
branches, calcific nodules) and exactly matched with the corre-
sponding OCT in order to identify the area relating to the sub-
optimal FFR.

OPTICAL COHERENCE TOMOGRAPHY IMAGE ACQUISITION
Optical coherence tomography analysis (ILUMIEN™ OPTIS™ 
system - Dragonfly™ Duo Imaging Catheter; St. Jude Medical) 
was performed after conventional stenting and following each PCI 
optimisation procedure. OCT imaging was performed on a 54 mm 
length segment, using a non-occlusive technique with automated 
pullback at 18 mm s-1 during manual intracoronary injection of iso-
osmolar contrast. Notably, FFR measurement and OCT imaging 
were both performed at the same point in the procedural sequence.

The OCT criteria used to determine whether PCI optimisation 
was applicable were based on the CLI-OPCI study17 (Figure 2, 
Supplementary Appendix): i) stent underexpansion; ii) incomplete 
lesion coverage; iii) stent malapposition; iv) stent-edge dissection, 
and v) intra-stent plaque/thrombus protrusion.

Figure 2. Definitions of OCT criteria for suboptimal stent deployment. A) Incomplete lesion coverage. B) Stent malapposition. C) Stent 
underexpansion. D) Intra-stent plaque/thrombus protrusion. E) Edge dissection. FFR: fractional flow reserve; MSA: minimal stent area; 
OCT: optical coherence tomography; PCI: percutaneous coronary intervention; REF-A: reference lumen area. Adapted from Wolfrum et al15 
under the terms of the Creative Commons Attribution 4.0 International License.
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QUANTITATIVE CORONARY ANGIOGRAPHY
Angiograms were analysed at three different time points: pre-
PCI, following conventional PCI, and following final PCI 
optimisation, if performed. Angiograms were analysed with 
two-dimensional quantitative coronary angiography (QCA) by 
two experienced operators (M. Wolfrum, S. Benenati) using 
dedicated software (Medcon QCA software; Medcon Limited, 
Tel Aviv, Israel) with an automated edge-detection algorithm. 
Discordant analyses were resolved by consensus with a third 
operator (G.L. De Maria), also blinded to FFR and OCT data.

STATISTICAL ANALYSIS
All continuous variables are expressed as mean and standard devia-
tion (±SD) or as median of the respective interquartile range (IQR) 
as appropriate after controlling for normal by Shapiro-Wilk test. 
Frequencies were expressed as percentage and compared using the 
chi-square test or Fisher’s exact test as appropriate. Comparisons 
between continuous variables were performed by t-test or ANOVA, 
if normally distributed. Mann-Whitney or Kruskal-Wallis tests were 
used to compare non-normally distributed variables. P-values <0.05 
were considered statistically significant. Statistical analyses were 
performed with SPSS, Version 22.0 (IBM Corp., Armonk, NY, USA).

Results
STUDY POPULATION
Baseline characteristics are presented in Table 1. Notably, two 
thirds of enrolled patients presented with stable angina and one 
third with non-ST-segment elevation acute coronary syndromes 
(NSTE-ACS). The majority of patients (86%) had complex sin-
gle-vessel disease (69% with B2 or C ACC/AHA lesion type), pri-
marily involving the left anterior descending artery (LAD, 71%).

ANGIOGRAPHIC CHARACTERISTICS AND PROCEDURAL 
STRATEGY FOR CONVENTIONAL STENTING
Before stenting, percent diameter stenosis was 63.7±15.4% and 
the FFR was 0.58±0.14 (Table 2, Supplementary Table 1). Eighty 
percent (80%) of patients underwent predilatation before stenting 
(Table 3). On average 1.4 stents were deployed. Post-dilatation 
was performed in 91% of patients during conventional stenting 
(no statistical difference among the study groups defined below). 
Table 3 depicts in detail the strategy utilised during conventional 
stenting. After conventional stenting, a satisfactory angiographic 
result was achieved which was reflected by a residual diameter 
stenosis of 5.8±12.1%. Repeat FFR after PCI showed on average 
an effective ischaemia reduction from 0.58±0.14 pre-stenting to 
0.80±0.02 after conventional stenting (p=0.001).

DISTRIBUTION OF STUDY GROUPS ACCORDING TO 
HAEMODYNAMIC AND OCT RESULTS AFTER 
CONVENTIONAL STENTING
Group 1 included 21 patients (60%) with a functionally subopti-
mal PCI result (FFR <0.90) (Figure 1, Figure 3A). Of these, 13 
also had OCT results requiring protocol-mandated OCT-guided 

PCI optimisation (Group 1A) (Figure 1, Figure 3). In eight patients 
(Group 1B), PCI optimisation was not performed because none of 
the CLI-OPCI OCT criteria was fulfilled defining the appearance of 
a suboptimal stent result (Figure 3A). In all of these Group 1B patients 
there was angiographic/OCT evidence of diffuse distal disease 
with no significant pressure step-up during pressure wire pullback.

Fourteen patients presented a satisfactory post-stenting FFR 
≥0.90 after conventional PCI (Group 2). Notably, in these patients 
only minor stent-related complications were observed in three 
patients on OCT imaging (Supplementary Table 2). These were 
minor stent malapposition, minor distal stent-edge dissection and 
one case of minor tissue protrusion.

IMPACT OF OCT-GUIDED PCI OPTIMISATION ON POST-PCI FFR
Patients in Group 1A had a significant pressure step-up during pres-
sure wire pullback and suboptimal post-stenting OCT results. Stent 
optimisation post-dilatation sizing was guided by OCT, resulting in 
the selection of larger balloon diameters compared to the post-dil-
atation balloons used during conventional stenting (0.33±0.64 mm, 
p=0.09) (Table 3). Subsequently, stent expansion in Group 1A 
patients increased on average from 69% immediately after stent 
implantation to 86% after optimisation (p=0.001) (Table 2).

Table 1. Baseline characteristics of the study population.

Variable Overall (N=35)

Age, years 64.0±8.4

Male, n (%) 29 (83)

Diabetes mellitus, n (%) 8 (23)

Hypercholesterolaemia, n (%) 25 (71)

Hypertension, n (%) 27 (77)

Current smoker, n (%) 8 (23)

Family history of CAD, n (%) 10 (29)

Previous MI, n (%) 10 (29)

Stable angina, n (%) 24 (69)

Unstable angina, n (%) 3 (9)

NSTEMI, n (%) 8 (23)

Previous PCI, n (%) 12 (34)

1-vessel CAD, n (%) 11 (31)

2-vessel CAD, n (%) 20 (57)

3-vessel CAD, n (%) 4 (12)

Culprit artery, n (%) RCA 5 (14)

Cx 5 (14)

LAD 25 (71)

ACC/AHA lesion type, n (%) A 5 (15)

B1 6 (17)

B2 18 (51)

C 6 (17)

ACC/AHA: American College of Cardiology/American Heart Association; 
CAD: coronary artery disease; Cx: circumflex artery; LAD: left anterior 
descending artery; MI: myocardial infarction; NSTEMI: non-ST-elevation 
myocardial infarction; PCI: percutaneous coronary intervention; 
RCA: right coronary artery
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The primary reasons for post-PCI optimisation were stent under-
expansion and stent malapposition, followed by incomplete lesion 
coverage, and edge dissection (Supplementary Table 3). Five 
patients in Group 1A (38.5%) showed both stent underexpansion 
and stent malapposition. As mandated by the study protocol, post-
dilatation was performed in all patients with stent underexpansion 
and stent malapposition (Supplementary Table 3). Additional stent 
implantation was performed in seven patients (five for incom-
plete lesion coverage and two for edge dissection). In Group 1A 
patients, OCT-guided optimisation was associated with a signi-
ficant improvement in FFR from 0.80±0.02 to 0.88±0.01 (p=0.008) 
(Table 2, Supplementary Table 4, Figure 3B).

Discussion
In this preliminary study we demonstrate that a substantial number 
of patients (~60%) undergoing complex PCI have a suboptimal 

functional result after conventional PCI (FFR <0.90), despite 
a satisfactory angiographic result. However, using OCT-guided 
PCI optimisation in patients with evidence of both suboptimal 
FFR and OCT resulted in improvement in the final FFR. OCT 
imaging in patients with post-stenting FFR ≥0.90 did not identify 
significant abnormalities that required additional interventions.

In our cohort we used an FFR threshold of 0.90 to differenti-
ate patients with a suboptimal PCI result. Although cut-off FFR 
values ranging from 0.86 to 0.96 were suggested in previous stud-
ies to predict future clinical outcome10,13,14, a value of 0.90 was 
supported by other studies8,11,12 and meta-analysis15. In the present 
study, patients with post-PCI ≥0.90 did not undergo further PCI 
optimisation, and OCT analysis showed that no major abnormality 
in stent deployment was missed.

POOR FUNCTIONAL PCI RESULT DESPITE A SATISFACTORY 
ANGIOGRAPHIC RESULT
In this and other series, 60% of patients had an unsatisfactory 
functional result after conventional PCI13,16,18. A number of fac-
tors can result in persistence of the pressure gradient after stent-
ing in a diseased epicardial segment. These include incomplete 
stent expansion, stent malapposition, incomplete lesion coverage, 

Table 2. OCT/ FFR findings of patients from Group 1A (post-
stenting FFR <0.9) who underwent PCI optimisation and Group 1B 
in whom PCI optimisation was deferred.

Variable
Immediately 
post stenting

Post FFR/
OCT-guided 
optimisation

p-value

Group 1A (N=13) *

FFR 0.80±0.02 0.88±0.01 0.008

Reference diameter, mm 2.92±0.52 2.91±0.53 0.96

Proximal segment, mm 2.96±0.84 3.57±0.67 0.50

Distal segment, mm 2.84±0.47 2.62±0.37 0.015

MSD, mm 2.40±0.39 2.69±0.48 0.04

Diameter stenosis, % 17.56±6.16 7.88±14.96 0.014

Reference area, mm2 7.15±3.16 7.02±1.90 0.85

Proximal segment, mm2 8.36±1.49 8.51±2.43 0.90

Distal segment, mm2 7.99±3.16 5.80±1.34 0.073

MSA, mm2 4.75±1.54 6.06±2.17 0.063

Area stenosis, % 31.38±10.50 13.68±19.74 0.001

Group 1B (N=8) **

FFR 0.84±0.03 – 0.13

Reference diameter, mm 3.30±0.51 – 0.23

Proximal segment, mm 3.81±0.37 – 0.80

Distal segment, mm 3.31±0.19 – 0.14

MSD, mm 2.84±0.64 – 0.13

Diameter stenosis, % 14.1±11.6 – 0.58

Reference area, mm2 8.83±2.51 – 0.16

Proximal segment, mm2 11.52±2.14 – 0.46

Distal segment, mm2 9.34±1.61 – 0.20

MSA, mm2 6.68±2.83 – 0.18

Area stenosis, % 25.16±17.31 – 0.76

*Comparison of variables immediately post stenting and post FFR/
OCT-guided optimisation. **Comparison of parameters assessed 
immediately post stenting between groups 1A and 1B. FFR: fractional 
flow reserve; MSA: minimal stent area; MSD: minimal stent diameter; 
OCT: optical coherence tomography; PCI: percutaneous coronary 
intervention

Table 3. Procedural data pre-stenting, for conventional stenting 
and for PCI optimisation.

Variable Overall population (N=35)

Pre-stenting

Predilatation, n (%) 28 (80)

Conventional stenting

Number of stents implanted 1.36±0.55

Stent length, mm 40.0±16.7

Stent diameter, mm 3.19±0.43

Post-dilatation, n (%) 32 (91)

Balloon diameter, mm 3.52±0.86 *

Inflation pressure, atm 18.8 (5.0)

PCI optimisation Group 1A (N=13)

Additional post-dilatation only, n (%) 8 (62)

Balloon diameter, mm 3.85±0.61

Inflation pressure, atm 19.2±1.8

Additional stenting, n (%) 7 (54)

Number of additional stents 1.13±0.35

Stent length, mm 30.1±17.1

Stent diameter, mm 3.41±0.53

Post-dilatation, n (%) 7 (100)

Balloon diameter, mm 4.06±0.40 ¶, ◊

Inflation pressure, atm 19.1 (2.8)

* Balloon diameters for post-dilatation were significantly larger than the 
deployed stent during conventional stenting (0.33±0.79 mm, p=0.027). 
¶ Balloon diameters for post-dilatation were significantly larger than the 
deployed stent during stent optimisation (0.66±0.71 mm, p=0.034). 
◊ Balloon diameters for post-dilatation were numerically larger during 
stent optimisation than during conventional stenting (0.33±0.64 mm, 
p=0.09). atm: atmospheres
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plaque protrusion, and stent-edge dissection (Figure 2)15. This cor-
relation between a persistent pressure gradient and a suboptimal 
PCI result has been consistently reported6-12,14. Notably, intravascu-
lar imaging studies have shown that OCT-defined suboptimal stent 
results are also associated with poor clinical outcome and predict-
ably many of the same factors are responsible for the poor clini-
cal outcome including stent underexpansion, stent-edge dissection, 
and incomplete lesion coverage17.

In our study, factors reflecting suboptimal stent deployment were 
predominantly found in patients in Group 1A, who also had an 
impaired FFR after conventional stenting. Stent underexpansion and 
incomplete lesion coverage were the main OCT findings associated 
with suboptimal FFR. Change in FFR after further treatment was 
primarily attributable to increased stent expansion and improved 
coverage of residual coronary plaque disease. The value of OCT 
in identifying and correcting these pathologies was demonstrated in 
the ILUMIEN III study19. A significantly lower rate of stent-related 
complications such as dissections and major stent malapposition 
was found in the OCT-guided PCI group compared to the IVUS- 
or angiography-guided PCI group. Furthermore, this study dem-
onstrated that external elastic lamina-based OCT sizing is safe and 
effective in achieving similar stent expansions compared with IVUS 
and superior stent expansion compared with angiography guidance.

This preliminary study is the first to apply an FFR/OCT-guided 
optimisation algorithm prospectively, mandating a specific inter-
vention for each cause of suboptimal stent deployment. Although 

the study by Agarwal et al showed that additional intervention in 
patients with a post-PCI FFR in the ischaemic range (≤0.81) led 
to an overall increase in FFR16, the optimisation strategy was left 
to the discretion of the operator with some form of intravascular 
imaging undertaken in only 9% of the cases.

In the DOCTORS study, Meneveau et al showed that OCT-
guided PCI is associated with higher post-PCI FFR than PCI 
guided by angiography alone in patients with NSTE-ACS18. 
Notably, these investigators performed OCT-guided optimisation 
in every patient irrespective of whether initial stenting had a func-
tional result that was satisfactory. In contrast, we used post-PCI 
FFR as an initial stratification tool to identify patients who did not 
require further stent optimisation, ultimately reducing procedure 
time, contrast media and radiation.

In patients with an impaired post-PCI FFR, but with no OCT 
evidence of stent-related complications, OCT-guided PCI optimi-
sation was also deferred. Notably, all of these patients showed no 
clear step-up in FFR along the coronary artery during pressure 
wire pullback, a finding consistent with diffuse atherosclerosis. 
Even though confirmation should come from larger randomised 
clinical studies, it is reasonable to speculate that additional man-
agement strategies may be required rather than further PCI optimi-
sation for diffuse coronary artery disease (CAD).

The link between isolated stent malapposition and reduced 
post-PCI FFR is speculative, especially when drug-eluting stents 
with thin struts are used (strut thickness of stents used in our trial: 

40%
23%

37%

Group 1A

Group 1B

Group 2

– Suboptimal FFR after conventional PCI
– Amenable to PCI optimisation

– Suboptimal FFR after conventional PCI
– Not amenable to PCI optimisation

– Satisfactory FFR after conventional PCI
– Criteria for PCI optimisation fulfilled

1.0

0.9

0.8

0.7

0.6

0.5

0.4

p=0.008

FFR after 
conventional PCI

FF
R

Final FFR after 
PCI optimisation

A

B

Figure 3. Distribution of study population and impact of PCI optimisation on final FFR. The graph in panel A describes the distribution of the 
study population according to FFR after conventional PCI. The line graph in panel B depicts the evolution of FFR after PCI optimisation for 
each individual patient in Group 1A. FFR: fractional flow reserve; PCI: percutaneous coronary intervention
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~80-90 μm). Notably, in our study stent malapposition and an 
abnormal final FFR were not isolated findings and only occurred 
together with stent underexpansion and/or incomplete lesion cov-
erage. Consequently, these issues represent the mechanism behind 
unsatisfactory functional PCI results rather than malapposition 
per se14,16,18. This may also explain why several previous IVUS 
and OCT studies have failed to establish a link between acute stent 
malapposition and clinical outcome at follow-up17,20-22.

Notably, in two patients of Group 1A isolated distal stent-
edge dissection was found on OCT during PCI optimisation and 
subsequently treated with a stent. In both patients the FFR was 
significantly improved after PCI optimisation. This gives some 
mechanistic insight into the fact that stent-edge dissection can cause 
an impaired functional PCI result, which can potentially translate 
into an adverse clinical outcome, as demonstrated by the CLI-OPCI 
study for distal stent-edge dissections (HR 4.65, 95% CI: 2.5-8.8)17.

Several trials investigating the importance of coronary imag-
ing-based PCI on the functional and clinical outcome have been 
initiated. Among them is the ILUMIEN IV trial20. This large 
multicentre trial has been set up to recruit ~3,000 patients with 
complex coronary artery disease comparing clinical outcome of 
OCT- vs. angiography-guided PCI with a predefined OCT-guided 
PCI algorithm.

The DEFINE PCI study (Physiologic Assessment of Coronary 
Stenosis Following PCI study [NCT03084367]) uses the instan-
taneous wave-free ratio (iFR) to assess the functional result after 
conventional stenting. Within this study, blinded iFR pullbacks 
in patients with a satisfactory angiographic result will be used to 
determine how often conventional PCI misses a functionally signi-
ficant lesion (iFR <0.90).

Limitations
A clear limitation is the small sample size and the non-randomised 
observational nature, which limits statistical power and could the-
oretically introduce a selection bias. Therefore, conclusions drawn 
from these results are hypothesis-generating and presented to 
highlight the issue and probable mechanisms. This optimisation 
strategy increased final total stent length on average by 30 mm 
to a total stent length of ~70 mm. Traditionally, stent length has 
been correlated with adverse long-term outcome, but this was of 
particular concern for bare metal and first-generation drug-elut-
ing stents21,22. Improved long-term clinical outcomes have been 
observed in the newer-generation DES used in our study21, but 
further data are needed to clarify whether this increase in stent 
length and associated improved final FFR impact advantageously 
on clinical outcome. Larger randomised trials are planned and will 
be valuable in determining the clinical impact of any final com-
bined imaging/physiology assessment.

Conclusions
This small consecutive series demonstrates that, despite a satisfac-
tory angiographic result after complex PCI, up to 60% of patients had 
a poor functional result (FFR <0.90). The proposed FFR/OCT-guided 

PCI optimisation algorithm used to guide subsequent treatment 
was safe and demonstrated the potential to improve final FFR.

Impact on daily practice
Despite a satisfactory angiographic result, a significant num-
ber of patients undergoing complex conventional PCI may have 
a poor functional result. Our preliminary data suggest that the 
results of PCI can be optimised using an imaging/physiology-
guided PCI protocol. Larger randomised trials are necessary to 
confirm the beneficial effects on subsequent clinical outcome 
but application of an FFR/OCT-guided PCI optimisation proto-
col could become a standard of care in complex patients.
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Supplementary Appendix. Methods 
 
Detailed optical coherence tomography image acquisition and analysis 

Pre-stenting OCT was not performed routinely, and therefore OCT was only used to assess the 

result after conventional PCI and not to guide the initial PCI. 

 

OCT images were analysed in two stages using dedicated software (ILUMIENTM OPTISTM 

system; St. Jude Medical, St. Paul, MN, USA, developed by LightLab Imaging, Inc.). Initially 

the OCT analysis was carried during the procedure in Group 1 patients to guide PCI 

optimisation. Subsequently, at a later stage, the OCT images were re-analysed offline by two 

independent operators (MW, SB), who were blinded to the angiographic findings, procedural 

strategy, and final FFR value. At this stage, information about the evolution of vessel 

dimensions during the course of PCI optimisation (Group 1B) and about PCI-related 

complications in Group 1B and Group 2 was collected. Discordant OCT analyses were 

resolved by consensus with involvement of a third operator (GDM), who was blinded to both 

FFR and previous OCT data.  

 

OCT criteria used to determine if PCI optimisation was applicable were based on the  CLI-

OPCI study17 (Figure 2): i) stent underexpansion - defined as minimal stent area (MSA) 

<70% of average reference lumen area and/or MSA <4.5 mm2; ii) incomplete lesion coverage 

- defined as reference lumen area <4.5 mm2, with significant residual plaque within 10 mm of 

stent edges; iii) stent malapposition - defined as stent-adjacent vessel lumen distance >200 

µm.; iv) stent-edge dissection - defined as presence of a linear rim of tissue ≥200 µm in width 

and with clear separation from the vessel wall, or underlying plaque <5 mm from stent edges; 

v) intra-stent plaque/thrombus protrusion - defined as tissue prolapsing between stent struts 



extending inside a circular arc connecting adjacent struts or intraluminal mass ≥500 µm thick 

with no direct connection to the vessel wall, or highly backscattered luminal protrusion in 

continuity with the vessel wall, resulting in signal-free shadowing. 

 

Detailed OCT-guided optimisation protocol 

In patients in Group 1 (FFR <0.9), OCT was performed per protocol after achievement of 

satisfactory angiographic results. OCT was analysed according to the CLI-OPCI study 

defining a suboptimal stent result according to specific criteria (see above)17. Operators were 

mandated to perform PCI optimisation according to the respective OCT findings. In cases of 

stent underexpansion and/or malapposition, additional post-dilatation was performed; in cases 

of incomplete lesion coverage and stent-edge dissection additional stenting was performed; in 

cases of plaque/thrombus protrusion the following strategies were considered: post-dilatation 

in case of stent underexpansion at the segment of interest; use of GP IIb/IIIa inhibitors and 

aspiration thrombectomy in the presence of extreme thrombus (Group 1A, for definitions of 

OCT criteria see above).  

 

After the optimisation procedure, FFR and OCT assessment were repeated. If post-

optimisation FFR was ≥0.90, procedure and protocol were both considered complete. If post-

optimisation FFR was still <0.90, optimisation was repeated. Optimisation was limited to two 

attempts, unless further optimisation was felt to be clinically indicated by the treating 

operator. For patients in Group 1 who did not fulfil the OCT criteria (Group 1B), further PCI 

optimisation was not performed. 



Supplementary Table 1. QCA – overall population (n=35). 
 
Variable  Pre-stenting  After conventional stenting   Value*  

Reference diameter, mm  2.81±0.55 2.93±0.53 0.16 

MLD, mm  1.03±0.44 2.69±0.51 0.0001 

Diameter stenosis, %  63.7±15.4 5.8±12.1 0.0001 

Lesion length, mm 31.5±17.0   

 
* Comparison of variables pre-stenting and immediately after conventional stenting. 
MLD: minimal lumen diameter 
 

  



Supplementary Table 2. Incidence of vessel complications in patients with an FFR >0.90 
(Group B). 
 
Variable  Group B (N=14) 

Stent underexpansion (%)  0 

Incomplete lesion coverage (%)  0 

Stent malapposition, n (%)  3 (21) 

 200-500 µm 3 (21) 

 >500 µm 0 

Tissue protrusion (plaque/thrombus), n (%)  1 (7), minor1 

Edge dissection, n (%)  1 (7), minor2 

 
1 Protrusion area/stent area at site of tissue protrusion <10%.  
2 Visible edge dissection <60 degrees of the circumference of the vessel and <3 mm in 
length.  
Definitions according to CLI-OPCI study criteria17. 
 

 



Supplementary Table 3. Reasons for post-PCI optimisation and performed interventions 
in Group 1A. 
 
Variable  Group 1A (N=13) 

  

Reasons for post-PCI optimisation  

 Stent underexpansion, n (%)  6 (46) 

 Incomplete lesion coverage, n (%)  5 (39) 

 Stent malapposition, n (%)  7 (54) 

 Edge dissection, n (%)  2 (15)* 

 Tissue protrusion, n (%)  1 (8) 

  

Interventions for post-PCI optimisation  

 Post-dilatation (PD), n (%)  6 (46) 

 Additional stenting (AS), n (%)  5 (39) 

 PD and AS, n (%)  2 (15) 

 
Definitions according to CLI-OPCI study criteria17. 
* In both cases the dissection was located at distal stent edge.  
AS: additional stenting; PCI: percutaneous coronary intervention; PD: post-dilatation  
  



Supplementary Table 4. FFR before and after PCI optimisation according to performed 
interventions in Group 1A. 
 
Variable  Post-stenting FFR Post-optimisation FFR p-value 

Post-dilatation (PD) (%; N=6)  0.84±0.05 0.89±0.04 0.14 

Additional stenting (AS) (%; N=5)  0.76±0.09 0.88±0.03 0.098 

PD and AS (%; N=2)  0.76±0.06 0.84±0.01 0.36 

 
FFR: fractional flow reserve; PCI: percutaneous coronary intervention 

 
 


