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BACKGROUND: Cardiac death or myocardial infarction still occurs in patients undergoing contemporary percutaneous coronary
intervention (PCI). We aimed to identify adverse clinical and vessel characteristics related to hard outcomes after PCl and to
investigate their individual and combined prognostic implications.

METHODS AND RESULTS: From an individual patient data meta-analysis of 17 cohorts of patients who underwent post-PClI frac-
tional flow reserve measurement after drug-eluting stent implantation, 2081 patients with available clinical and vessel character-
istics were analyzed. The primary outcome was cardiac death or target-vessel myocardial infarction at 2 years. The mean age of
patients was 64.2+10.2 years, and the mean angiographic percent diameter stenosis was 63.9%+14.3%. Among 11 clinical and
8 vessel features, 4 adverse clinical characteristics (age >65years, diabetes, chronic kidney disease, and left ventricular ejection
fraction <50%) and 2 adverse vessel characteristics (post-PCl fractional flow reserve <0.80 and total stent length >54 mm) were
identified to independently predict the primary outcome (all P<0.05). The number of adverse vessel characteristics had additive
predictability for the primary end point to that of adverse clinical characteristics (area under the curve 0.72 versus 0.78; P=0.03)
and vice versa (area under the curve 0.68 versus 0.78; P=0.03). The cumulative event rate increased in the order of none, either,
and both of adverse clinical characteristics >2 and adverse vessel characteristics >1 (0.3%, 2.4%, and 5.3%; P for trend <0.01).

CONCLUSIONS: In patients undergoing drug-eluting stent implantation, adverse clinical and vessel characteristics were associ-
ated with the risk of cardiac death or target-vessel myocardial infarction. Because these characteristics showed independent
and additive prognostic value, their integrative assessment can optimize post-PCl risk stratification.
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CLINICAL PERSPECTIVE

What Is New?

e Adverse clinical and vessel characteristics (age
>B65years, diabetes, chronic kidney disease,
and left ventricular ejection fraction <50%,
post—percutaneous coronary intervention frac-
tional flow reserve <0.80 and total stent length
>54mm) were independent predictors of car-
diac death or myocardial infarction at 2years
after drug-eluting stent implantation.

e There was additive prognostic value between
adverse clinical and vessel characteristics, and
the risk of hard outcomes was the highest in pa-
tients who had both adverse clinical characteris-
tics >2 and adverse vessel characteristics >1.

What Are the Clinical Implications?

e A comprehensive assessment to identify ad-
verse clinical and vessel characteristics can help
an optimized risk prediction for hard outcomes
after percutaneous coronary intervention.

e Future study is needed to prove the prognostic
impact of reducing adverse vessel characteris-
tics with incorporation of information on physi-
ologic focal/diffuse disease in patients with and
without adverse clinical characteristics.

Nonstandard Abbreviations and Acronyms

ACCs adverse clinical
characteristics

AVCs adverse vessel
characteristics

FFR fractional flow reserve

GRACE Global Registry of Coronary
Events

LASSO least absolute shrinkage

and selection operator

Prognostic Implications of

Physiologic Investigation After

Revascularization With Stent

TVMI target-vessel myocardial
infarction

POST-PCI FLOW

tervention (PCI) have improved with advances

in stents, procedural techniques, and medical
therapy in recent decades. However, hard clinical end
points such as cardiac death or myocardial infarction
(MI) still occur in patients undergoing contemporary
PCI.-® Multiple studies have reported risk prediction
models for death after PCI by combining angiographic

CIinicaI outcomes after percutaneous coronary in-

J Am Heart Assoc. 2023;12:e030572. DOI: 10.1161/JAHA.123.030572

Clinical and Vessel Factors for Post-PCI Outcomes

parameters and patient characteristics,*® and cur-
rent guidelines recommend individual risk stratification
and secondary prevention according to various clini-
cal characteristics among patients undergoing PCI."8
Meanwhile, residual ischemia after PCI, which can be
evaluated by a pressure wire—based index such as post-
PCI fractional flow reserve (FFR), is associated with a
risk of hard outcomes after PCI.° Given that about one-
fourth of cases with angiographically successful PCI
have residual ischemia, post-PCl physiologic assess-
ment can provide prognostic information not captured
by angiography alone.'®~'® Therefore, an integrative as-
sessment incorporating clinical risk factors as well as
angiographic and physiologic vessel characteristics is
a reasonable approach for risk prediction for hard out-
comes after PCI. In this regard, we aimed to identify
adverse clinical and vessel characteristics associated
with hard outcomes after PCl and to investigate their
individual and combined prognostic implications.

METHODS

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

The study population was from the POST-PCI FLOW
(Prognostic Implications of Physiologic Investigation
After Revascularization With Stent; clinicaltrials.gov
identifier NCT04684043; PROSPERO Registration ID:
CRD42021234748) study, which was a systematic review
and individual patient-level meta-analysis of previous
studies related to post-PCl FFR from inception to June
18, 2022. The study protocol was approved by the eth-
ics committee of Seoul National University Hospital and
performed following the principles of the Declaration of
Helsinki. The study protocol was described in detail pre-
viously.® Briefly, a manual search for relevant articles was
performed in the MEDLINE, Embase, and the Cochrane
Central Register of Controlled Trials. The prespecified in-
clusion criteria were as follows: (1) PCI with drug-eluting
stents; (2) post-PClI FFR measured after stent implan-
tation; (8) minimum follow-up duration of 6months for
tracking clinical outcomes; (4) available clinical outcomes
including all-cause death, cardiac death, target-vessel
myocardial infarction (TVMI), or target-vessel revascu-
larization. After the systematic review, 29 studies met the
inclusion criteria, and principal investigators of 28 stud-
ies from 17 cohorts across 16 countries agreed to share
anonymized data for the individual patient-level meta-
analysis. Among a total of 5277 patients from the POST-
PCI FLOW study, 2081 patients with fully available data
for 19 clinical and vessel characteristics were included
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in the current study. All patients in the current study re-
ceived PCI with second-generation drug-eluting stents.
The requirement for informed consent was waived be-
cause all data were collected in a deidentified form.

Primary Outcome

The primary outcome was a composite of cardiac
death or TVMI. All deaths were considered cardiac in
origin unless a noncardiac cause was specified. TVMI
was defined as an MI that occurred by any lesion in
the same target vessel. Among 2081 patients, 128 pa-
tients had 2 target vessels, 13 had 3 target vessels,
and the remaining 1940 had 1 target vessel, and the
vessel with the lowest post-PCI FFR value was chosen
for the target vessel of the patient in patients who had
>2 target vessels. The definitions of clinical outcomes
followed the Academic Research Consortium.™

Selection of Adverse Clinical and Vessel
Characteristics

Among 19 variables with 11 clinical characteristics
(age, sex, clinical diagnosis at index procedure, dia-
betes, hypertension, dyslipidemia, smoking history,
chronic kidney disease [CKD], prior Ml, left ventricular
ejection fraction [LVEF], and multiple target vessels)
and 8 vessel characteristics (target vessel, reference
vessel diameter, percent diameter stenosis, minimum
lumen diameter, post-PCI percent diameter stenosis,
post-PCI minimum lumen diameter, total stent length
in the target vessel, and post-PCI FFR), adverse clini-
cal and adverse vessel characteristics related to the
primary outcome were selected by the least absolute
shrinkage and selection operator (LASSO) Cox re-
gression model.'®>'® All 19 variables with non-0 coef-
ficients were included in the regression model. The
LASSO model reduced the dimension of a prediction
model by introducing a tuning parameter (lambda) to
penalize the coefficient of variables, and the absolute
values of variable coefficients were reduced toward
0 with an increment of the tuning parameter to select
fewer variables. A 10-fold cross validation was per-
formed during the process for selection of the opti-
mal lambda, which was determined by choosing the
most regularized model with minimum mean square
error.'®

Statistical Analysis

Categorical variables were presented as numbers (per-
centages) and continuous variables as means+SDs.
All analyses were performed on a per-patient basis.
Among selected features by the LASSO model, the
continuous variables were converted into binary vari-
ables using the established cutoff or the optimal cutoff
value on the basis of the maximal log-rank statistics.
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The cumulative event of the primary outcome was es-
timated using Kaplan—Meier estimates, and the log-
rank test was used to compare the survival curves
between groups. Hazard ratios (HRs) and 95% Cls
were derived from Cox proportional hazard regres-
sion. The assumption on the Cox proportional hazard
regression was estimated by Schoenfeld residuals.
In multivariable analysis, variables with P<0.05 in the
univariable analysis were included to identify inde-
pendent predictors for the primary outcome. The pre-
dictive value for the primary outcome was evaluated
by Harrell's concordance statistic. All P values <0.05
were considered statistically significant. The software
package R version 4.2.0 (R Foundation for Statistical
Computing, Vienna, Austria) was used for statistical
analysis.

RESULTS

Baseline Characteristics

Baseline clinical and vessel characteristics are pre-
sented in Table 1. Among a total of 2081 patients

Table 1. Baseline Characteristics

Total (N=2081)
Clinical characteristics

Age, y 64.2+10.2
Sex, male, n (%) 1600 (76.9)
Clinical diagnosis, n (%)

Stable ischemic heart disease 1107 (63.2)

Acute coronary syndrome 974 (46.8)
Diabetes, n (%) 764 (36.7)
Hypertension, n (%) 1402 (67.4)
Dyslipidemia, n (%) 1111 (53.4)
Current smoking, n (%) 608 (29.2)
Chronic kidney disease, n (%) 124 (6.0)
Prior myocardial infarction, n (%) 250 (12.0)
Left ventricular ejection fraction, % 61.8+8.8

Vessel characteristics

Target-vessel location, n (%)

Left anterior descending artery 1536 (73.8)

Left circumflex artery 212 (10.2)

Right coronary artery 333 (16.0)
Reference vessel diameter, mm 2.9+0.5
% diameter stenosis 63.9+14.3
MLD, mm 1.0+0.5
Post-PCl % diameter stenosis 9.5+7.4
Post-PCI MLD, mm 2.8+0.5
Total stent length, mm 35.4+£21.1
Post-PCI FFR 0.88+0.07

FFR indicates fractional flow reserve; MLD, minimum lumen diameter; and
PCI, percutaneous coronary intervention.
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Figure 1. Identification of clinical and vessel characteristics related to cardiac death or TVMI by the LASSO-Cox regression

model.

Among 19 clinical and vessel characteristics, 6 relevant features (4 clinical characteristics and 2 vessel characteristics) for cardiac
death or TVMI were identified by the LASSO model. FFR indicates fractional flow reserve; LAD, left anterior descending artery;
LASSO, least absolute shrinkage and selection operator; LVEF, left ventricular ejection fraction; MLD, minimum lumen diameter; PCI,
percutaneous coronary intervention; and TVMI, target-vessel myocardial infarction.

(mean age, 64.2+10.2years; 76.9% men), 974 (46.8%)
presented with acute coronary syndrome; diabetes
was present in 764 (36.7%) patients and CKD in 124
(6.0%); and the mean LVEF was 61.8%+8.8%. The
target vessel was the left anterior descending artery
in 1536 (73.8%) patients, the mean angiographic per-
cent diameter stenosis was 63.9+14.3%, and the mean
post-PCl FFR was 0.88+0.07. During the median fol-
low-up duration of 2.0years, the primary outcome oc-
curred in 27 (cumulative event rate, 1.6%) patients with
18 cardiac deaths and 10 TVMIs.

Clinical and Vessel Characteristics
Predictive of Cardiac Death or TVMI

The LASSO regression model identified predictors
for cardiac death or TVMI (Figure 1). From the model
with the minimum mean square error by the optimal
lambda (Figure S1), 4 clinical characteristics (age,
diabetes, CKD, and LVEF) and 2 vessel characteris-
tics (total stent length and post-PCI FFR) were asso-
ciated with the occurrence of cardiac death or TVMI
(Figure 1). According to the lambda value, CKD was

J Am Heart Assoc. 2023;12:e030572. DOI: 10.1161/JAHA.123.030572

the most important factor to predict cardiac death or
TVMI among clinical characteristics and post-PCI FFR
among vessel characteristics. Using the established
or best cutoff values for risk factors, adverse clinical
characteristics (ACCs) were defined as age >65years,
diabetes, CKD, and LVEF <50%, and adverse vessel
characteristics (AVCs) were defined as post-PCl FFR
<0.80 and total stent length =54 mm.

The cumulative event of cardiac death or TVMI at
2years according to the presence of ACCs and AVCs
is presented in Figure 2. The risk was significantly
higher in patients with age >65years (HR, 3.33 [95%
Cl, 1.34-8.25]; P=0.009), diabetes (HR, 2.62 [95%
Cl, 1.22-5.65]; P=0.014), CKD (HR, 5.95 [95% ClI,
2.52-14.1]; P<0.001), LVEF <50% (HR, 2.91 [95% CI,
117-7.20]; P=0.021), post-PCI FFR <0.80 (HR, 3.79
[95% ClI, 1.73-8.28]; P<0.001), and total stent length
>54mm (HR, 2.42 [95% ClI, 1.08-5.39]; P=0.031). This
result was consistent in the competing risk analysis
with treating noncardiac death as a competing event
(Table S1). In multivariable analysis, all ACCs and AVCs
were independent predictors for cardiac death or TVMI
(Table 2).
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Figure 2. Prognostic value of adverse clinical and vessel characteristics for predicting cardiac death or TVMI.

The cumulative event of cardiac death or TVMI at 2 years according to adverse clinical and vessel characteristics is presented. Adverse
clinical characteristics are age >65years, diabetes, CKD, and LVEF <50%. Adverse vessel characteristics are post-PCl FFR <0.80 and
total stent length >54 mm. CKD indicates chronic kidney disease; FFR, fractional flow reserve; HR, hazard ratio; LVEF, left ventricular
ejection fraction; NA, not applicable; PCI, percutaneous coronary intervention; and TVMI, target-vessel myocardial infarction.

Additive Prognostic Value Between
Adverse Clinical and Vessel
Characteristics
When ACCs were combined, the cumulative event of car-
diac death or TVMI proportionally increased in the order
of 0, 1, and >2 of ACCs (0.3%, 1.5%, and 3.1%, respec-
tively; P for trend <0.001). This relationship was consist-
ent after adjustment for the number of AVCs (Table 3).
Similarly, the cumulative event of cardiac death or TVMI
was 0.8%, 3.2%, and 5.3% in patients with O, 1, and 2 of
AVCs (P for trend <0.001), of which the trend was similar
after adjustment for ACCs (Table 3). Figure 3 represents
the predictive value for cardiac death or TVMI based on
the number of ACCs and AVCs. While there was no dif-
ference in area under the curve (AUC) between the 2
(AUC 0.68 versus 0.72; P=0.55), the combined num-
ber of adverse clinical and vessel characteristics had a
higher AUC than that of the number of ACCs (AUC 0.78
versus 0.72; P=0.03) or that of the number of AVCs (AUC
0.78 versus 0.68; P=0.03) (Figure 3).

The optimal cutoff value for the number of ACCs
was >2, and for the number of AVCs was >1. The risk
of cardiac death or TVMI was higher in patients with

J Am Heart Assoc. 2023;12:e030572. DOI: 10.1161/JAHA.123.030572

ACCs >2 (HR, 3.35 [95% CI, 1.57-7.15]; P=0.002) or
with AVCs >1 (HR, 4.20 [95% ClI, 1.92-9.19]; P<0.001)
(Figure S2). Figure 4 shows the cumulative event of
cardiac death or TVMI in 4 groups divided by ACCs
>2 and AVCs >1, with the risk being highest in patients
with both ACCs >2 and AVCs >1 than in those who
had none or either of ACCs >2 and AVCs >1. Individual
outcomes showed a similar trend according to ACCs
>2 and AVCs >1 (Table S2).

DISCUSSION

The current study identified ACCs and AVCs associ-
ated with the occurrence of cardiac death or TVMI
after PCI and investigated their individual and com-
bined prognostic implications. The main findings of the
study were as follows: (1) ACCs were age >65years,
diabetes, CKD, and LVEF <50%, and AVCs were post-
PCI FFR <0.80 and total stent length >54mm; (2) all
ACCs and AVCs were independent predictors for car-
diac death or TVMI; (3) there was additive predictive
value for cardiac death or TVMI between the number
of ACCs and AVCs, and the risk of cardiac death/TVMI



%720z ‘ST Afenige4 uo Aq Bio'sfeuinofeye/:diy wouy papeojumoq

Yang et al

Table 2. Independent Predictors for Cardiac Death or TVMI

Clinical and Vessel Factors for Post-PCI Outcomes

Unadjusted HR (95% ClI) P value Adjusted HR (95% Cl) P value
Clinical characteristics

Age, per 1-y increase 1.10 (1.05-1.15) <0.001 1.09 (1.04-1.14)* <0.001
Male 1.06 (0.43-2.62) 0.906

Acute coronary syndrome 1.18 (0.563-2.42) 0.745

Diabetes 2.62 (1.22-5.65) 0.014 2.27 (1.05-4.90) 0.037
Hypertension 1.38 (0.58-3.26) 0.466

Dyslipidemia 0.71(0.33-1.52) 0.380

Current smoking 1.00 (0.44-2.27) 0.991

Chronic kidney disease 5.95 (2.52-14.1) <0.001 3.04 (1.25-7.36)* 0.014
Prior myocardial infarction 1.24 (0.43-3.60) 0.687

Left ventricular ejection fraction, per 1% increase 0.95 (0.92-0.97) <0.001 0.95 (0.92-0.98) <0.001

Vessel characteristics

Left anterior descending artery 2.94 (0.88-9.76) 0.079

Reference vessel diameter, per 1-mm increase 0.60 (0.28-1.30) 0.198

% diameter stenosis, per 1% increase 1.00 (0.97-1.02) 0.880

MLD, per 1-mm increase 0.82 (0.36-1.88) 0.636

Post-PCl % diameter stenosis, per 1% increase 1.02 (0.97-1.07) 0.455

Post-PCI MLD, per 1-mm increase 0.72 (0.32-1.60) 0.416

Total stent length, per 10-mm increase 1.15 (1.01-1.30) 0.032 118 (1.04-1.35) 0.011
Post-PCI FFR, per 0.1 increase 0.39 (0.25-0.61) <0.001 0.37 (0.23-0.58)" <0.001

FFR indicates fractional flow reserve; HR, hazard ratio; MLD, minimum lumen diameter; PCI, percutaneous coronary intervention; and TVMI, target-vessel

myocardial infarction.

*Adjusted for variables with P<0.05 in univariable analysis (age, diabetes, chronic kidney disease, and left ventricular ejection fraction) among clinical

characteristics.

TAdjusted for variables with P<0.05 in univariable analysis (total stent length, and post-PCI FFR) among vessel characteristics.

increased in the order of none, either, and both of

ACCs >2 and AVCs >1.

Risk Prediction of Hard Outcomes After

PCI

While clinical outcomes after PCl have improved along
with the evolution of PCI techniques and optimization

of adjunctive pharmacotherapy, a significant pro-
portion of patients still experience death or Ml after
PCI.-8 In the pooled analysis of 21 randomized clini-
cal trials with >30000 patients, the 5-year mortal-
ity rate after PCl was about 10%, and half of those
cases were attributable to cardiovascular causes.
In addition, spontaneous Ml occurring after PCI was
associated with >7 times higher risk of subsequent

Table 3. Independent Prognostic Significance of Adverse Clinical and Vessel Characteristics

Cumulative event of 2-y
cardiac death or TVMI,
% Unadjusted HR (95% ClI) P value Adjusted HR (95% CI) P value
Number of ACCs
0 (n=624) 0.3
1(n=877) 1.5 7.99 (1.03-61.9) 0.047 8.15 (1.05-63.1)* 0.044
>2 (n=580) 31 16.9 (2.23-127) 0.006 17.2 (2.28-131) 0.006
Number of AVCs
0 (n=1493) 0.8
1 (n=548) 3.2 3.97 (1.78-8.83) <0.001 3.71 (1.66-8.30)" 0.001
2 (n=40) 5.3 7.65 (1.67-34.9) 0.009 5.78 (1.26-26.6) 0.024

ACCs are age >65years, diabetes, CKD, and LVEF <50%. AVCs are post-PCl FFR <0.80 and total stent length =54 mm. ACCs indicates adverse clinical
characteristics; AVCs, adverse vessel characteristics; Cl, confidence interval; CKD, chronic kidney disease; FFR, fractional flow reserve; HR, hazard ratio; LVEF,
left ventricular ejection fraction; PCI, percutaneous coronary intervention; and TVMI, target-vessel myocardial infarction.

*Adjusted for number of AVCs.
fadjusted for number of ACCs.

J Am Heart Assoc. 2023;12:e030572. DOI: 10.1161/JAHA.123.030572
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Figure 3. Additive prognostic value of adverse clinical and vessel characteristics.

In the ROC curve analysis, AUC for cardiac death or TVMI was compared among the number of ACCs,
AVCs, and adverse clinical and vessel characteristics. ACCs are age >65years, diabetes, CKD, and LVEF
<50%. AVCs are post-PCl FFR <0.80 and total stent length >54mm. ACCs indicates adverse clinical
characteristics; AVCs, adverse vessel characteristics; AUC, area under the curve; CKD, chronic kidney
disease; FFR, fractional flow reserve; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary
intervention; ROC, receiver-operating characteristic; and TVMI, target-vessel myocardial infarction.

post-PCl death,"” which necessitates risk prediction
for hard outcomes among patients undergoing PCI.
Several risk models for adverse events after PCl have
been proposed and validated by combining several
clinical risk factors*'®19 and anatomic vessel charac-
teristics.>®2921 Thus, current guidelines recommend
an individual approach for secondary prevention ac-
cording to disease severity or clinical risk score.”® In
the interim, a growing body of evidence has reported
that physiologic indexes measured after PCI are in-
dependent prognostic indicators.?®> A higher risk of
death was predicted by low post-PCl FFR,'%2% and
a recent individual patient-level meta-analysis dem-
onstrated the risk continuum of post-PCl FFR value
for cardiac death or TVMI.® Nonetheless, the previ-
ously proposed risk models did not incorporate post-
stent physiologic data, and relative and combined
prognostic implications of clinical, angiographic, and
physiologic characteristics for hard outcomes after
PCI have not been established.
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Adverse Clinical and Vessel
Characteristics for Hard Outcomes After
PCI

In the current analysis conducted from the largest reg-
istry that included patients who underwent post-PClI
FFR measurement, the LASSO-Cox method was ap-
plied to reduce collinearity among 19 various clinical
and pre- and post-PCI vessel characteristics and to
identify the best predictors for cardiac death or TVMI.
As for clinical characteristics, age >65years, diabetes,
CKD, and LVEF <50% were selected and were all in-
dependent predictors, which is supported by the well-
established relationship of ACCs with short-term and
long-term death after cardiac surgery or PCL.%%* In ad-
dition to clinical risk factors, 2 vessel characteristics,
total stent length and post-PCI FFR, were selected from
the LASSO model and independently predicted hard
outcomes. This result was supported by the individual
prognostic significance of lesion length or physiologic
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Figure 4. Risk stratification according to a high number of ACCs and AVCs.

The cumulative event of cardiac death or TVMI at 2years in the 4 groups divided by ACCs >2 and AVCs
>1 is presented. ACCs are age >65years, diabetes, CKD, and LVEF <50%. AVCs are post-PCl FFR <0.80
and total stent length >54mm. ACCs indicates adverse clinical characteristics; AVCs, adverse vessel

characteristics; Cl, confidence interval; CKD, chronic

kidney disease; FFR, fractional flow reserve; HR,

hazard ratio; LVEF, left ventricular ejection fraction; NA, not applicable; PCl, percutaneous coronary
intervention; and TVMI, target-vessel myocardial infarction.

index on adverse clinical events after PCI®*?527 and
further implies that vessel-level risk factors, as well as
patient-level clinical risk profile, can be determinants of
hard outcomes in patients undergoing PCI. Moreover,
it is interesting to note that pre- and post-PCl angio-
graphic parameters, other than total stent length and
post-PCl FFR, were not considered as AVCs in the
current risk model. This finding is associated with the
relationship of lesion length with total atherosclerotic
burden®® and the nature of post-PCI physiologic prop-
erties that cannot be predicted by pre- or post-stent
angiographic parameters.?®3° Within various vessel
characteristics, simultaneous selection of total stent
length and post-PCI FFR as AVCs indicate the com-
plex prognostic contribution of disease extent and
residual ischemia on hard outcomes after PCI, which
is in line with the study demonstrating that residual
functional synergy between PCI with taxus and car-
diac surgery scores had a higher discrimination ability
for clinical outcomes after PCI than 3-vessel FFR or
residual synergy between PCI with taxus and cardiac
surgery scores.3' Moreover, the event rate was highest
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in patients with both low post-PCI FFR and long stent
length followed by either or none of them, and this find-
ing implies a worse prognosis of physiologic diffuse le-
sions. Therefore, not only clinical risk factors but also
the disease extent and physiologic status represented
by stent length and post-PCI physiologic index need to
be considered in prediction of hard outcomes following
revascularization.

Incremental Prognostic Relevance

of Adverse Vessel and Clinical
Characteristics

In patients with established atherosclerotic cardiovas-
cular disease, clinical risk factors are main determi-
nants of recurrent adverse events.'®'® The prognostic
importance of clinical risk factors over vessel char-
acteristics has also been reported. While clinical and
procedural risks were predictive of post-PCl major ad-
verse cardiac and cerebrovascular events at 3years,
clinical risk factors had a greater impact on outcomes
in patients undergoing PCI,%? and this finding was
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similar in prediction of 2-year hard outcomes in pa-
tients undergoing PCI for bifurcation lesions.’® In this
context, in the cardiac catheterization laboratory, it is
important to understand whether clinical risk profile
alone should drive overall prognosis or whether vessel-
level features have additional prognostic significance
in predicting hard outcomes after PCI. In the current
study, the number of AVCs significantly enhanced the
predictive value for cardiac death or TVMI in addition
to the number of ACCs and vice versa. In particular,
the event rate of cardiac death or TVMI at 2 years was
the highest in patients who had both ACCs >2 and
AVCs >1 (5.3%) as compared with none (0.3%) or either
(2.4%) of them, which implies a possible incremental
prognostic impact between them. This finding aligns
with prior risk models demonstrating that combined
synergy between PCI with taxus and cardiac surgery
scores and clinical risk factors such as age, creatinine
clearance, and LVEF showed better discrimination
ability to predict death or ischemic events after PCI
than synergy between PCI with taxus and cardiac sur-
gery scores or GRACE (Global Registry of Coronary
Events) score alone,>%33 or a machine learning—based
risk prediction model showing that the incorporation
of clinical, anatomic, and physiologic factors could
help predict target-vessel failure.®* In addition to prior
evidence, we proposed that the combined ACCs and
AVCs can better predict post-PCl hard outcomes than
individual assessment alone. In the aspect of risk mod-
ification, ACCs such as diabetes, CKD, or LVEF <50%
are risk factors that can be modified to some extent
by only optimal medical therapy, and whether AVCs
can be modulated in a catheterization laboratory still
remains unclear. Although recent studies have shown
that post-PCI FFR-based optimization can significantly
improve post-PCl FFR values,3>3¢ AVCs might not be
fully adjusted by PCI because low post-PCl FFR and
long stent length indicates residual diffuse disease.
Moreover, clinical outcomes of untreated diffuse dis-
ease with remained low post-PCl FFR versus long
stented lesions that achieved high post-PCI FFR need
to be further defined. Because pullback pressure trac-
ings can provide information on residual physiologic
focal or diffuse disease, future studies are warranted
to incorporate information on physiologic focal/diffuse
disease into AVCs and to prove the prognostic impact
of reducing AVCs on hard outcomes in patients with
and without ACCs.

Limitations

The current study has several limitations. Not all pa-
tients had full information on 19 vessel and patient
characteristics in the original individual patient-level
meta-analysis, and this substudy only included those
patients for whom complete information was available.
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The study population represented those who under-
went post-PCl FFR among patients undergoing PCI,
which might have caused a potential selection bias.
Information on medical therapy or intravascular imag-
ing was not included in the analysis. Pressure pullback
data were not available in most studies, so the loca-
tion of residual pressure gradients in and out of stents
and physiologic diffuse lesions were not assessed.
Information on other vessels that did not receive post-
PCI FFR measurements was not available. Due to a
small number of events, various confounders could not
be fully adjusted for in the multivariable analysis.

CONCLUSIONS

In patients who underwent drug-eluting stent im-
plantation, adverse clinical and vessel characteristics
were associated with the risk of cardiac death or MI.
Because these adverse characteristics have inde-
pendent and additive prognostic implications, per-
forming a comprehensive assessment to identify them
can inform an optimized risk prediction model for hard
outcomes after PCI.
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