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Objectives: We investigated the influence of coronary disease characteristics on
prognostic implications of residual ischemia after coronary stent implantation.

Methods: This study included 1,476 patients with drug-eluting stent implantation
and available pre- and post-percutaneous coronary intervention (PCI) fractional flow
reserve (FFR) measurements. Residual ischemia was defined as post-PCl FFR <0.80.
Coronary disease characteristics with significant interaction hazard ratios (HRs) for clinical
outcomes with residual ischemia were defined as interaction characteristics with residual
ischemia (ICwRI). The primary outcome was target vessel failure (TVF)—a composite of
cardiac death, target vessel myocardial infarction, and target vessel revascularization —at
2 years.

Results: The mean pre- and post-PCl FFR were 0.68 + 0.11 and 0.87 + 0.07,
respectively. During the median follow-up duration of 2.0 years, the cumulative incidence
of TVF was 6.1%. The 203 vessels (13.8%) with residual ischemia had higher risks of
TVF compared to that for post-PCl FFR >0.80 (P < 0.001). ICwWRI with a significant
interaction HR with residual ischemia included pre-PClI SYNTAX score >17 and pre-PCl
FFR <0.62. Each ICwRI had a direct prognostic effect not mediated by residual ischemia.
The association between an increased TVF risk and residual ischemia was significant in
patients with 0 or 1 ICwRI [hazard ratio (HR) 3.25, 95% confidence interval (Cl) 1.90-5.57,
P < 0.001] but not in those with 2 ICwWRI (HR 0.47, 95% CI 0.14-1.64, P = 0.24). Among
patients with post-PCI FFR >0.80, those with 2 ICwRI showed similar TVF risks to those
with residual ischemia (HR 1.55, 95% CI 0.79-3.02, P = 0.20).
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Conclusions:

Coronary disease characteristics including pre-PCl SYNTAX score

and pre-PCl FFR affected the prognostic implications of residual ischemia. The
prognostic relevance of residual ischemia was attenuated in patients with multiple

interacting characteristics.

Keywords: coronary artery disease, atherosclerosis, fractional flow reserve, percutaneous coronary intervention,

residual ischemia

INTRODUCTION

Myocardial ischemia is a major prognostic determinant in
patients with coronary artery disease (CAD) (1). Percutaneous
coronary intervention (PCI) for patients with myocardial
ischemia, defined by invasive physiologic indices such as
fractional flow reserve (FFR) or non-hyperemic pressure
ratios (NHPR), provides favorable outcomes compared to
those for medical treatment alone (2-5). Nevertheless, PCI
for lesions with low FFR or NHPR does not always mean
optimal PCI, as up to 25% of patients succumb to residual
ischemia after angiographically successful PCI (6, 7). Thus,
post-PCI physiologic assessment is helpful in assessing the
residual physiologic disease burden and the necessity for
additional procedures.

Several studies have shown that the residual disease burden,
as assessed by physiologic indices measured after PCI, is a
prognostic indicator after coronary stent implantation (8, 9).
However, the proposed cutoff values for physiologically optimal
PCI varied and their sensitivity and specificity to predict clinical
events were relatively low (10, 11). These findings limit the
value of post-PCI physiological assessment as a guide for
PCI optimisation and necessitate further investigations on the
disease characteristics influencing the prognostic relevance of
post-PCI physiologic assessment and the clinical benefit of
additional PCI. Therefore, we investigated the influence of
coronary disease characteristics on the clinical relevance of
residual ischemia as well as their prognostic implications after
coronary stent implantation.

MATERIALS AND METHODS

Study Population

Patients from the International Post-PCI FFR registry
(NCT04012281) who underwent second-generation drug-
eluting stent (DES) implantation with pre-PCI FFR <0.80 and
post-PCI FFR measurements were included. The registry is a
patient-level pooled registry from four international studies
(the COE-PERSPECTIVE registry, 3V-FFR-FRIENDS study,
DKCRUSH-VII study, and the institutional registry at Tsuchiura
Kyodo General Hospital) (8). Among these patients, 1,476
with available quantitative coronary angiographic (QCA)
analysis and SYNTAX score were included in the present study
(Supplementary Figure 1). The study protocol was approved
by the institutional review boards of each participating center
and in accordance with the principles of the Declaration
of Helsinki.

PCI and Pre- and Post-PCI Physiologic

Assessments

Invasive coronary angiography was performed according to
a standard protocol. Each core laboratory of four registries
performed QCA analysis using a validated software program.
DES type, stenting technique, number of stents, and adjunctive
procedure were determined at the operating physician’s
discretion. Pre- and post-PCI FFR measurements were
performed according to standard techniques using a pressure-
temperature sensor guide wire (Volcano, San Diego, CA, USA) or
St. Jude Medical (St. Paul, MN, USA). Continuous intravenous
infusion of adenosine was used for hyperemia in 90.8% of
patients, while intracoronary administration of papaverine,
nicorandil, or adenosine was used in 9.2% of patients.

Definitions and Clinical Outcomes of

Residual Ischemia After PCI

Residual ischemia was defined as post-PCI FFR <0.80. The
patients were divided into the residual ischemia and no residual
ischemia groups. All analyses were performed using a per-patient
analysis. In patients with multivessel disease, the vessel with
the lowest post-PCI FFR was designated as a representative
vessel. The primary outcome was target vessel failure (TVEF), a
composite of cardiac death, target vessel myocardial infarction
(MI), and clinically driven target vessel revascularization (TVR)
at 2 years. All deaths without an indicated non-cardiac cause
were considered cardiac in nature. All definitions of clinical
outcomes were based on those from the Academic Research
Consortium (12).

Coronary Disease Characteristics

The coronary disease or stenosis characteristics included left
anterior descending artery (LAD) lesions, pre-PCI angiographic
% diameter stenosis, minimum lumen diameter (MLD),
reference diameter, lesion length, pre-PCI SYNTAX score, pre-
PCI FFR, post-stent % diameter stenosis, post-stent MLD,
residual SYNTAX score, % SYNTAX score decrease [i.e., (pre-
PCI SYNTAX score—residual SYNTAX score)/pre-PCI SYNTAX
score x 100], and % FFR increase [i.e., (post-PCI FFR—pre-PCI
FFR)/pre-PCI FFR x 100]. Coronary disease characteristics with
significant interaction hazard ratios (HRs) with residual ischemia
(P < 0.10) were defined as interaction characteristics with
residual ischemia (ICwRI) that could affect the clinical relevance
of residual ischemia. Then, ICWRI was converted into binary
variables based on the 75th percentile values. As a sensitivity
analysis, the optimal cut-off value derived from Youden’s index
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TABLE 1 | Baseline characteristics.

Total
(n =1,476)
Clinical characteristics
Age, years 63.5+9.9
Male 1,150 (77.9)
Diabetes mellitus 479 (32.5)
Hypertension 969 (65.7)
Hypercholesterolemia 720 (48.8)
Smoking 423 (28.7)
Left ventricular ejection fraction, % 61.9+8.4
Acute coronary syndrome 730 (49.5)
Previous myocardial infarction 193 (13.1)
Coronary disease characteristics
Before PCI
Location
Left anterior descending coronary artery 1,117 (75.7)
Left circumflex artery 138 (9.3)
Right coronary artery 221 (15.0)
% Diameter stenosis 62.6 £13.7
Lesion length, mm 245+ 141
Reference diameter, mm 2.86 + 0.51
MLD, mm 1.06 £ 0.42
SYNTAX score 128+ 7.3
FFR 0.68 + 0.11
After PCI
Post-stent % diameter stenosis 100+ 7.0
Post-stent MLD, mm 2.72 £0.47
Residual SYNTAX score 3.7+54
Post-PCI FFR 0.87 £ 0.07
Post-PCI FFR < 0.80 203 (13.8)

Values are mean =+ standard deviation or n (%).
FFR, fractional flow reserve; MLD, minimum lumen diameter; PCI, percutaneous
coronary intervention.

of receiver operating characteristic curve analysis was used for
defining ICWRI.

Statistical Analysis

Continuous and categorical variables are presented as means
=+ standard deviation and numbers (percentages), respectively.
Paired ¢-tests were used to compare the distributions of pre-
and post-PCI FFR. Cumulative event rates were evaluated using
Kaplan-Meier censoring estimates. Cox proportional hazard
regression was used to estimate the HRs and corresponding
95% confidence intervals (CIs). The HRs and 95% CIs of
residual ischemia and post-PCI FFR were calculated in patients
stratified by the presence of each ICWRI and the number of
ICwRI. Mediation analysis was used to investigate the dependent
and independent effects of ICWRI with residual ischemia as a
mediator, TVF as an outcome, and each ICWRI as a treatment.
Logistic regression was used to evaluate the association between
treatment, mediator, and outcome. General algorithms were
used to assess causal medication effects (13). All probability

1.20
0.87+0.07
1.00
86.2%
0.68+0.11 (Post-PCI FFR >0.80)
0.80 3 > > =
‘ 13.8%
(Post-PCI FFR <0.80)
0.60
0.40
0.20
0.00
Pre-PCI FFR Post-PCI FFR
FIGURE 1 | Frequency of residual ischemia after FFR-guided revascularization.
FFR, fractional flow reserve; PCI, percutaneous coronary intervention.

values were two-sided and p < 0.05 was considered statistically
significant. Statistical analysis was performed using R version
3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient and Coronary Disease
Characteristics

The baseline patient and coronary disease characteristics of the
study population are shown in Table 1. The mean % diameter
stenosis, lesion length, and pre-PCI SYNTAX score were 62.6
+ 13.7%, 24.5 + 14.1 mm, and 12.8 + 7.3, respectively. The
mean post-stent % diameter stenosis and residual SYNTAX score
were 10.0 &= 7.0% and 3.7 & 5.4, respectively. The mean pre-and
post-PCI FFR were 0.68 & 0.11 and 0.87 £ 0.07, respectively (P
< 0.001). A total of 203 vessels (13.8%) had residual ischemia
(post-PCI FFR <0.80) after revascularization (Figure 1).

Interactions Between Residual Ischemia

and Coronary Disease Characteristics

During the median follow-up duration of 2.0 years, a total of
80 TVF events occurred (Supplementary Table 1). Patients with
residual ischemia had a significantly higher risk of TVF at 2 years
than that in patients without residual ischemia (HR 2.45, 95% CI
1.50-4.00, P < 0.001, Figure 2). Table 2 describes the interactions
between coronary disease characteristics and residual ischemia
for the prediction of TVF. Pre-PCI SYNTAX score and pre-PCI
FFR showed an interaction with the prognostic impact of residual
ischemia (p-for-interaction 0.042 and 0.073, respectively). Then,
dichotomized variables based on 75th percentile value (i.e.,
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0.25| — HR 2.45 (1.50-4.00), P <0.001
0.20
0.15
Post-PCI FFR <0.80
0.10
Post-PCI FFR >0.80
0.05
0.00
0 150 300 _ 450 600 750
Time
Number at risk
Post-PCI FFR >0.80 1273 1261 1200 1008 971 637
Post-PCI FFR <0.80 203 201 192 156 148 68

FIGURE 2 | Cumulative incidence of TVF at 2 years according to residual
ischemia. FFR, fractional flow reserve; HR, hazard ratio; PCI, percutaneous
coronary intervention; TVF, target vessel failure.

TABLE 2 | Coronary disease characteristics affecting the clinical relevance of
residual ischemia.

Interaction HR P-value
(95% ClI)
Pre-PCl angiographic characteristics
Post-PCl FFR <0.80 * LAD lesion 1.59 (0.19-13.51) 0.672
Post-PCI FFR <0.80 * % Diameter 0.97 (0.93-1.01) 0.106
stenosis
Post-PCI FFR <0.80 * MLD 1.46 (0.41-5.24) 0.558
Post-PCI FFR <0.80 * Reference diameter 0.51(0.18-1.47) 0.212
Post-PCI FFR <0.80 * Lesion length 0.98 (0.95-1.02) 0.274
Post-PCI FFR <0.80 * pre-PCI SYNTAX 0.94 (0.87-1.00) 0.042
score
Post-PCI FFR <0.80 * FFR 1.56 (0.96-2.55) 0.073
Post-PCl angiographic characteristics
Post-PCl FFR <0.80 * Post-stent % 1.05 (0.62-3.62) 0.163
diameter stenosis
Post-PCI FFR <0.80 * Post-stent MLD 0.76 (0.25-2.26) 0.617
Post-PCI FFR <0.80 * Residual SYNTAX 1.05 (0.95-1.15) 0.338
score
Changes in angiographic characteristics
Post-PCI FFR <0.80 * % SYNTAX 0.99 (0.98-1.01) 0.536
decrease
Post-PCI FFR <0.80 * % FFR increase 0.98 (0.96-1.01) 0.187

Cl, confidence interval; FFR, fractional flow reserve; HR, hazard ratio; LAD, left
anterior descending coronary artery; MLD, minimal lumen diameter; PCI, percutaneous
coronary intervention.

pre-PCI SYNTAX score >17 and pre-PCI FFR <0.62) were
defined as ICWRI.

Each ICwRI was associated with an increased risk of TVF
at 2 years after stent implantation (HR 1.78, 95% CI 1.12-2.82,
P = 0.014 for pre-PCI SYNTAX score >17; HR 1.65, 95% CI

1.05-2.61, P = 0.031 for pre-PCI FFR <0.62) and directly affected
TVF not mediated by residual ischemia in a mediation analysis
(Figure 3). The presence of residual ischemia was associated with
an increased risk of TVF in patients with pre-PCI SYNTAX
score <17 or pre-PCI FFR >0.62; however, its prognostic impact
was attenuated in those with pre-PCI SYNTAX score >17 or
pre-PCI FFR <0.62 (Table 3). This finding was consistent with
those observed based on post-PCI FER as a continuous variable
(Table 3).

Prognostic Impact of Residual Ischemia
According to the Number of ICwRIs

The association between residual ischemia and TVF risk differed
according to the number of ICWRI (p-for-interaction = 0.001);
the prognostic impact of residual ischemia decreased as the
number of ICwRI increased (Figure 4). The association between
residual ischemia and TVF risk was significant in patients with 0
or 1 ICWRI (HR 3.25, 95% CI 1.90-5.57, P < 0.001) but not in
those with 2 ICwRI (HR 0.47, 95% CI 0.14-1.64, P = 0.24).

Comparisons of the outcomes of patients without residual
ischemia (post-PCI FFR > 0.80) according to the number of
ICwRI revealed a higher risk of TVF in patients with 2 ICwRI
compared to that in patients with 0 or 1 ICwRI (HR 4.66, 95%
CI 2.55-8.50, P < 0.001). The prognostic impact of 2 ICWRI in
patients without residual ischemia was consistent in all subgroups
with different clinical characteristics (Table 4). However, there
was no significant difference in outcomes according to ICwWRI
in patients with residual ischemia (Supplementary Figure 2).
Compared to the residual ischemia group, patients without
residual ischemia and those with 0 or 1 ICwRI showed a
significantly lower risk of TVF (HR 0.33, 95% CI 0.20-0.55, P <
0.001). However, those with 2 ICwRI had a similar risk of TVF
as the residual ischemia group (HR 1.55, 95% CI 0.79-3.02, P
= 0.203, Figure 5). In the sensitivity analysis, overall result was
similar when the different cut-off values for pre-PCI SYNTAX
score (>9.5) and pre-PCI FFR (<0.66) were used to define ICwRI
(Supplementary Figure 3).

DISCUSSION

This study investigated the influence of coronary disease
characteristics on the prognostic implications of residual
ischemia after coronary stent implantation. The main findings
were as follows: (1) residual ischemia after PCI (post-PCI FFR
<0.80) was associated with an increased risk of TVF at 2 years;
the coronary disease characteristics affecting the prognostic
relevance of residual ischemia, namely interaction characteristics
with residual ischemia (ICwRI), were pre-PCI SYNTAX score
>17 and pre-PCI FFR <0.62. Each ICWRI was a predictor of TVE
with a prognostic effect not mediated by residual ischemia. (2)
The association between residual ischemia and TVF risk differed
according to the number of ICWRI, and the prognostic impact of
residual ischemia decreased as the number of ICWRI increased.
(3) In patients with post-PCI FFR >0.80, those with 2 ICwRI
showed a higher risk than those with 0 or 1 ICwRI, and those
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Post-PCI FFR
<0.80

Pre-PCI FFR
<0.62

PCI, percutaneous coronary intervention.

FIGURE 3 | Prognostic implications of ICwRI mediated by residual ischemia. The direct and indirect prognostic effects of ICwRI mediated by residual ischemia are
shown. ICwRI included pre-PCl SYNTAX score >17 and pre-PCl FFR <0.62. FFR, fractional flow reserve; ICWRI, interaction characteristics with residual ischemia;

‘\\ Indirect effect § =0.006, P <0.001

Target Vessel
Failure

with post-PCI FFR of >0.80 and 2 ICwRI had a similar TVF risk
with patients with residual ischemia.

Clinical Relevance of Physiologic

Assessment After PCI

Post-PCI  physiologic assessment has been highlighted as
an emerging tool to estimate the final result of coronary
revascularization (14). Post-PCI FFR or NHPR is a surrogate
marker of residual disease burden in both stented and non-stent
segments after PCI (15-17) and demonstrates a risk continuum,
with an inverse relationship with the risk of clinical events (8, 9).
In the current study, patients with residual ischemia (defined
as post-PCI FFR <0.80) showed a 2.5-fold increased risk of
TVF compared to that in patients without residual ischemia.
This finding is consistent with accumulated clinical evidence
of the prognostic value of post-PCI FFR (14, 18). Although
the prognostic value of post-PCI physiologic assessment has
been established, the role of post-PCI physiologic indices as a
procedural endpoint has been debated. Jeremias et al. reported
that the proportion of residual disease in non-stent segments
was about twice that than in stented segments among patients
with impaired post-PCI NHPR due to untreated focal stenosis
(7). Agarwal et al. reported subsequent intervention could reduce
residual ischemia after PCI from 21 to 8% (19). However, Piroth
et al. showed a low positive likelihood ratio of post-PCI FFR
in the prediction of clinical outcomes from the randomized
FAME (Fractional Flow Reserve or Angiography for Multivessel
Evaluation) 1 and FAME 2 trials (10). Therefore, further
investigation of the coronary disease characteristics determining

TABLE 3 | Differential implications of residual ischemia and post-PCI FFR on
clinical outcomes according to the ICwRI.

HR of post-PCl P-value HR of post-PCl P-value
FFR <0.80 FFR, per 0.1
(95% CI) increase
(95% ClI)
Pre-PCl SYNTAX score
>17 (N = 351) 1.06 (0.45-2.48)  0.901  0.75(0.45-1.23)  0.249
<17 (N =1,125) 3.58 (1.96-6.52) <0.001 0.54 (0.37-0.78)  0.001
Pre-PCI FFR
<0.62 (N = 378) 1.01(0.41-2.48) 0.984  0.71(0.46-1.11)  0.132
>0.62 (N =1,098) 3.77 (2.08-6.81) <0.001 0.52 (0.35-0.77)  0.001

ICwRI included pre-PCI SYNTAX score >17 and pre-PCl FFR <0.62.
Cl, confidence interval; FFR, fractional flow reserve; HR, hazard ratio; ICWRI, interaction
characteristics with residual ischemia; PCl, percutaneous coronary intervention.

the clinical relevance of residual ischemia or low post-PCI FFR
or NHPR is needed for better application of post-PCI physiologic
assessment in catheterization laboratories.

Coronary Disease Characteristics
Discriminative of the Prognostic
Implications of Residual Ischemia

Various coronary disease characteristics are associated with
adverse cardiovascular events after revascularization. However,
the characteristics affecting the prognostic implications of
residual ischemia have rarely been investigated. In the current
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FIGURE 4 | Differential prognostic implications of residual ischemia according
to the number of ICWRI. The hazard for TVF at 2 years of residual ischemia
according to the number of ICWRI is shown. The ICwRI definitions are
described in Figure 3. Cl, confidence interval; FFR, fractional flow reserve;
HR, hazard ratio; ICwRI, interaction characteristics with residual ischemia; PCI,
percutaneous coronary intervention.

study, pre-PCI SYNTAX score >17 and pre-PCI FFR <0.62
discriminated the prognostic relevance of residual ischemia.
Moreover, mediation analysis showed that these ICWRIs were
predictors of TVF at 2 years, independent of residual ischemia.
Our observations are supported by previous findings. The
baseline SYNTAX score was proportionally correlated with
the incidence of 3-year composite outcomes after complete
revascularization (20), and multivessel and diffuse diseases were
associated with a >1.5-fold higher risk of clinical events after
adjusting for a final FFR of < 0.86 (19). Recently, an independent
association between pre-PCI FFR and worse outcomes not
mediated by post-PCI FFR was described (21). Although the
independent prognostic role of pre-PCI FFR is still controversial
and needs to be further elucidated in future studies (6, 22),
these findings suggest that the risk of clinical events after PCI
does not rely on a single attribute; rather, it is determined
by complex interactions of baseline and residual anatomical
and physiological disease burden. Interestingly, ICWRI did not
encompass post-PCI angiographic parameters or relative changes
in SYNTAX score or FFR in the current study. This finding
is in accordance with worse outcome predictability of residual
anatomical disease burden alone than residual anatomical and
physiologic residual burden (23), and previous findings that

TABLE 4 | Prognostic implications of ICWRI among patients without residual
ischemia according to their clinical characteristics.

HR of the number P-value Interaction
of ICwWRI = 2 P-value
(95% CI)
Age, years 0.161
>65 (N = 634) 7.08 (3.27-15.30)  <0.001
<65 (N = 639) 2.92 (1.10-7.74) 0.031
Sex 0.210
Male (N = 981) 5.68 (3.00-10.74)  <0.001
Female (N = 292) 1.42 (0.18-11.19) 0.741
Diabetes mellitus 0.174
Yes (N = 401) 2.36 (0.70-7.98) 0.167
No (N = 872) 6.34 (3.12-12.88)  <0.001
Hypertension 0.033
Yes (N =841) 3.04 (1.41-6.53) 0.004
No (N = 432) 12.37 (4.29-35.67) <0.001

Hypercholesterolemia 0.187

Yes (N = 608) 1.97 (0.46-8.48) 0.364
No (N = 665) 5.76 (2.91-11.42)  <0.001
Acute coronary syndrome 0.441
Yes (N = 654) 4.93 (2.49-9.77) <0.001
No (N = 619) 2.63 (0.61-11.33) 0.195
Smoking 0.175
Yes (N = 348) 9.98 (2.92-34.11)  <0.001
No (N = 925) 3.73 (1.85-7.49) <0.001

Previous myocardial infarction 0.272

Yes (N = 156) 1.62 (0.20-12.99) 0.647
No (N =1,117) 5.41(2.87-10.19)  <0.001
Left ventricular ejection fraction 0.997
<40% (N = 31) NA NA
>40% (N = 1071) 3.87 (1.93-7.78) <0.001

The definitions of ICwRI were as in Table 3.
Cl, confidence interval; FFR, fractional flow reserve; HR, hazard ratio; ICWRI, interaction
characteristics with residual ischemia; PCI, percutaneous coronary intervention.

post-PCI angiographic parameters were not predictive of post-
PCI physiologic status (7).

Clinical Application of the Concept of
ICwRI

Several studies have proposed the clinical utilization of post-
PCI physiologic assessment to optimize PCI results (7, 14, 19).
Nonetheless, which patients should be paid more attention to
obtain optimal post-PCI physiologic status have rarely been
studied. The results of the current study demonstrated the
differential prognostic impact of residual ischemia according to
the number of ICWRIs. The association of residual ischemia with
an increased risk of TVF at 2 years progressively increased with
a decreasing number of ICWRI [HR 4.56 (2.32-8.98), HR 2.08
(0.85-5.05), and HR 0.47 (0.14-1.64) for patients with 0, 1, and
2 ICwRI, respectively]. This trend was driven by an increased
risk of TVF in patients with a post-PCI FFR of >0.80 and 2
ICwRI, a similar risk to those with residual ischemia. Our finding
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FIGURE 5 | Cumulative incidence of TVF according to the number of ICwRI in patients without residual ischemia compared to those with residual ischemia. Patients
with post-PCI FFR >0.80 were classified according to the number of ICwRI. The TVF risk for each group was then compared to that of patients with a post-PCl FFR
of <0.80. The ICwRI definitions are shown in Figure 3. FFR, fractional flow reserve; HR, hazard ratio; ICwRI, interaction characteristics with residual ischemia; PClI,
percutaneous coronary intervention; TVF, target vessel failure.

of the attenuated association between residual ischemia and
worse outcome according to ICWRI supports the previous report
of the low likelihood ratio of post-PCI physiologic assessment
(10). Although the exact mechanism of the interactive effect of
ICwRI with the clinical relevance of residual ischemia requires
elucidation, the baseline disease burden could be the main
mediator to explain our observation. Pre-PCI SYNTAX score and
pre-PCI FFR commonly reflect the anatomical and physiological
atherosclerotic burden of a vessel and patient (24-27). Thus,
patients with 0 or 1 ICWRI tend to have relatively low or moderate
disease burdens, while patients with 2 ICWRI are likely to have a
high disease burden. Although PCI is a procedure used to restore
coronary blood flow (28) or seal local lesions to prevent acute
events (29), it cannot fully reverse the risk of disease progression
rooted in the coronary vasculature with high disease burden.
Our findings indicate that ischemia relief by PCI or additional
stent implantation to achieve optimal physiologic results could
be preferred in patients with relatively low or moderate disease
burden. Therefore, the clinical application of the ICWRI concept
may be helpful in treatment planning and risk/benefit assessment
of additional PCI in patients with low post-PCI FFR.

Limitations

This study has several limitations. First, the study population was
derived from observational registries that might have caused a
lack of generalizability and causal relationship; thus, the results
require further validation. Second, intravascular imaging was
not performed in this study. Third, the cut-off value used for
coronary disease characteristics in this study may not apply
to other populations. Fourth, the hard outcomes could not be
analyzed separately because of the low number of events. Fifth,

the follow-up period was limited to 2 years and long-term follow-
up data are needed to validate our findings.

CONCLUSION

In this study, residual ischemia was associated with worse
outcomes after PCI. However, the prognostic implication of
residual ischemia diminished in patients with multiple coronary
disease characteristics reflective of baseline disease burden,
including pre-PCI SYNTAX score and pre-PCI FFR. Therefore,
the integration of these coronary disease characteristics and post-
PCI physiologic assessment will further refine post-PCI risk
prediction and help appropriate treatment planning.
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