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ABSTRACT

Objectives We sought to evaluate the physiology of
non-culprit lesions by using vessel fractional flow reserve
(vFFR) among patients with ST elevation myocardial
infarction (STEMI) and multivessel disease (MVD).
Methods From January 2017 to December 2019, 354
patients with STEMI in the Taipei Veterans General Hospital
Acute Myocardial Infarction Registry were screened.
Patients who underwent successful primary percutaneous
coronary intervention (PCI) for culprit lesions, with at

least one non-culprit lesion with stenosis of >50%, were
eligible. vFFR was computed retrospectively.

Results A total of 156 patients with 217 non-culprit
lesions were eligible for this study. Aortic root pressure and
two good angiograms were available for 139 non-culprit
lesions for vFFR analysis. Based on the vFFR analysis,

59 non-culprit lesions (43.2%) had a vFFR value >0.80,
and PCl was deferred in 45 lesions (76.3%). Meanwhile,
80 non-culprit lesions (56.8%) had a vFFR value <0.80;
however, PCl was only performed in 31 lesions (38.7%)
(p=0.142). The incidence of vessel-oriented composite
endpoint was numerically higher in non-culprit lesions
with vFFR <0.80 than those with vFFR >0.80 (6.3% vs
1.7%, HR: 3.59, 95% Cl: 0.42 t0 30.8, p=0.243).
Conclusion Functional incomplete revascularisation

is common among patients with STEMI and MVD. The
adoption of vFFR to assess non-culprit lesions may
reclassify the coronary revascularisation strategy that is
usually guided by angiography only in this acute setting.

INTRODUCTION

Coronary angiography and primary percuta-
neous coronary intervention (PCI) are the
current standards of care for managing ST
elevation myocardial infarction (STEMI).
The COMPLETE trial indicated that in
patients with STEMI and multivessel disease
(MVD), complete revascularisation for non-
culprit lesions with stenosis >70% was supe-
rior to culpritlesion-only PCL' Recently,
DANAMI-3-PRIMULTI ~and COMPARE-
ACUTE, two large randomised clinical
studies, have demonstrated that fractional
flow reserve (FFR)-guided PCI of non-culprit

Key questions

What is already known about this subject?

» Fractional flow reserve (FFR)-guided percutaneous
coronary intervention (PCl) of non-culprit lesions
in patients with ST elevation myocardial infarction
(STEMI) had significantly lower adverse event rates
compared to culprit-lesion-only PCI. Nevertheless,
FFR is rarely used in clinical practice during primary
PClI for patients with STEMI and multivessel disease
(MVD).

What does this study add?

» We demonstrated that functional incomplete revas-
cularisation is common in angiography-guided PCl in
patients with STEMI and MVD. The vessel FFR (vFFR)
can be used to assess non-culprit lesions based on
angiograms of the index procedure in a post hoc
manner. VFFR of non-culprit lesions was highly cor-
related in the acute and staged procedures.

How might this impact on clinical practice?

» VFFR may increase the adoption rate of physiology
assessment for non-culprit lesions in patients with
STEMI and MVD. The use of VFFR may reduce the
number of unnecessary downstream invasive cor-
onary angiography procedures and may lead to an
increase in functional complete revascularisation.

lesions in patients with STEMI had signifi-
cantly lower adverse event rates compared
with culpritlesion-only PCL? * Neverthe-
less, FFR is rarely used in clinical practice
in primary PCI for patients with STEMI and
MVD. The use of FFR is limited by the neces-
sity of intravenous or intracoronary aden-
osine infusion and additional equipment.
Therefore, the decision of revascularisation
for non-culprit lesions in patients with STEMI
is typically based on coronary angiograms of
the index procedure, or a staged procedure
is needed at the operator’s discretion. Based
on the literature, further study is needed to
assess the implications of coronary physiology
in this setting.
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Currently, coronary physiology can be assessed without
medications or a pressure wire. Vessel FFR (vFFR) is a
novel physiological index that is calculated based on
computational fluid dynamics and a three-dimensional
reconstruction model. The Fast Assessment of STenosis
severity (FAST) Study showed a strong linear correla-
tion between FFR and vFFR, with good reproducibility
and high diagnostic accuracy.4 This angiography-derived
functional assessment can be performed ad hoc or retro-
spectively when treating patients with STEMI and MVD.
In this context, we sought to evaluate vFFR values of non-
culprit lesions and investigate the concordance rate of
revascularisation strategy that is suggested by vFFR and
the actual treatment performed in patients with STEMI
and MVD.

METHODS

Study design and participants

The present study was an observational, retrospective,
single-centre study. From January 2017 to December
2019, patients presenting with STEMI at Taipei Veterans
General Hospital were screened. STEMI was defined
according to the Third Universal Myocardial Infarction
definition.” Patients who underwent successful primary
PCI for culprit lesions, with at least one non-culprit
lesion with stenosis of >50% with a reference vessel
diameter 22.0 mm (by visual estimation) on coronary
angiography, were eligible. Patients who presented with
cardiac arrest, profound cardiogenic shock or ostial or
left main non-culprit lesions were excluded. The deci-
sion for treatment of non-culprit lesions was based on
coronary angiograms and clinical factors. PCIs for non-
culprit lesions were performed at the time of primary
PCI or in a staged procedure. A staged procedure was
defined as a planned intervention, and the procedure
should be performed electively within 16 weeks after
the primary PCL° The study was approved by the Taipei
Veterans General Hospital’s research ethics committee
and was conducted in accordance with the Declaration
of Helsinki.

VvFFR analysis

The vFFR analysis was performed by independent
analysts using CAAS Workstation (V.8.2; Pie Medical
Imaging, Maastricht, the Netherlands) and was based on
previous reports of image acquisition and processing.*
Briefly, two angiograms with at least a 30° difference in
rotation/angulation are required to create a 3D recon-
struction of the coronary artery. Coronary angiography
was performed using a conventional radiation mode
(15 frames per second and 15 pulses per second). The
software contour detection was performed semiautomat-
ically, delineating the vessel contour from the ostium to a
distal position, with manual correction performed when
needed. A 3D quantitative coronary angiography (QCA)
and vFFR values were automatically generated.

Clinical endpoints per vessel

The primary endpoint of this study was the vessel-oriented
composite endpoint (VOCE) during clinical follow-up,
defined as a composite of vessel-related cardiac death,
vessel-related myocardial infarction (MI) and target
vessel revascularisation (TVR). Cardiac death was defined
as death resulting from cardiovascular causes (eg, acute
MI, cardiac death or unwitnessed death or heart failure) K
MI was defined according to the Third Universal Myocar-
dial Infarction definition.” TVR was defined as any repeat
percutaneous intervention or surgical bypass of any
segment of the target vessel including the target lesion.’
VOCE was analysed in a hierarchical manner.

Clinical events were counted per vessel and were clas-
sified as vessel related or not vessel related. If the patient
was classified as cardiac death without a clear correla-
tion to a specific vessel (eg, heart failure or unwitnessed
death) at follow-up, the worst scenario was considered,
and the death was adjudicated as a vessel-related cardiac
death. Whenever an MI or revascularisation occurred,
angiograms at event and medical records were reviewed
by investigators for clinical event adjudication.

Statistical methods

Categorical variables are presented as percentages and
numbers. Continuous variables are presented as the
mean+SD. Pearson’s correlation coefficient and Cohen’s
kappa coefficient were used to evaluate the correla-
tion and agreement of VFFR values at two different
times (primary PCI vs staged PCI). Survival curves were
constructed using Kaplan-Meier estimates and the log-
rank test to compare between-group differences. An HR
was reported with 95% CIs based on the Cox regression
model. A two-sided p value of <0.05 was considered statis-
tically significant. Data were analysed using SPSS software
(V.25).

RESULTS
A total of 354 patients who presented with STEMI were
screened, and 156 patients with 217 non-culprit lesions
were eligible for this study. Among these patients, aortic
root pressure and two good angiograms were available for
VFFR analysis of 139 non-culprit lesions. The retrospec-
tive analysability was 64%, and the reasons of being non-
analysable were mainly due to no appropriate two projec-
tions to perform vFFR analysis for non-culprit lesions. A
representative case of vFFR analysis is shown in figure 1.
The baseline characteristics of the eligible patients are
shown in table 1. The mean age was 65.8+14.5 years,
86.5% were men and 34.6% had diabetes. Most patients
(84.6%) only underwent PCI for culprit lesions in the
index procedure, whereas 14.7% also received PCI for
non-culprit lesions during the index procedure. Drug-
eluting stents were deployed in 76.3% of patients.

The locations of non-culprit lesions and 3D QCA
data are provided in table 2. The mean minimal
lumen diameter, percent diameter stenosis and
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Figure 1 A representative case of VFFR analysis. vFFR=vessel fraction flow reserve.

Table 1 Baseline characteristics of patients

All patients
Baseline characteristics (n=156)
Age (years) 65.8+14.5
Sex
Man 135 (86.5%)
Woman 21 (13.5%)

Medical history

Hypertension 79 (50.6%)
Diabetes mellitus 54 (34.6%)
Chronic kidney disease 24 (15.4%)
Previous myocardial infarction 7 (4.5%)
Previous percutaneous coronary intervention (PCl) 13 (8.3%)
Previous coronary bypass grafting 0 (0.0%)
Heart failure 2 (1.3%)
Location of culprit lesion
Left anterior descending artery 78 (50%)
Left circumflex 14 (9%)
Right coronary artery 64 (41%)
Number of vessel treated in primary PCI
1 (culprit lesion only) 132 (84.6%)
2 23 (14.7%)
3 1(0.7%)
Type of stent used in primary PCI
DES 119 (76.3%)
BMS 29 (18.6%)
DES and BMS 2 (1.3%)
BRS 1 (0.6%)
No stent implantation 5(3.2%)

Data were mean+SD or number (%).
BMS, bare-metal stent; BRS, bioresorbable scaffold; DES, drug-
eluting stent.

obstruction length were 1.44+0.51 mm, 44.5%+12.5%,
and 19.2+12.5 mm, respectively. The mean vFFR
values of non-culprit lesions included the following:
left anterior descending artery, 0.72+0.13; left circum-
flex artery, 0.74+0.17; and right coronary artery,
0.81+0.19, respectively (table 3). Based on the vFFR
analysis, 59 non-culprit lesions (43.2%) had a vFFR
value >0.80, and PCI was deferred in 45 lesions
(76.3%). Meanwhile, 80 non-culprit lesions (56.8%)
had a vFFR value <0.80; however, PCI was only
performed in 31 lesions (38.7%) (p=0.142) (table 4).
The concordance rate of revascularisation strategy
recommended by the post hoc vFFR was only 54.4%
(76/139) with the actual treatment, which was mainly
guided by angiography. During a mean follow-up of
672+412 days, the incidence of VOCE was numerically
higher in non-culprit lesions with a vFFR value <0.80
than those >0.80 (6.3% vs 1.7%, HR: 3.59, 95% CI:
0.42 to 30.8, p=0.243) (figure 2A). We further strati-
fied non-culprit lesions into four groups based on PCI
deferred or performed. In lesions with a vFFR value

Table 2 Baseline characteristics of non-culprit lesions
studied

Non-culprit lesions

(n=139)

Location of non-culprit lesions

Left anterior descending artery 48 (34.5%)

Left circumflex 40 (28.8.%)

Right coronary artery 51 (36.7%)
3D quantitative coronary angiography

Diameter stenosis (%) 445+12.5

Reference vessel diameter (mm) 2.62+0.70

Minimal lumen diameter (mm) 1.44+0.51

Obstruction length (mm) 19.2+12.5

Data were number (%) or mean+SD.
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Table 3 Vessel fraction flow reserve (VFFR) values of non-culprit lesions

LAD (n=48) LCX (n=41) RCA (n=50) Total (n=139)
VFFR value >0.8 11 (22.9%) 15 (36.6%) 33 (66.0%) 59 (42.4%)
VFFR value <0.8 37 (77.1%) 26 (63.4%) 17 (34.0%) 80 (57.6%)
VFFR value 0.72+0.13 0.74+0.17 0.81+0.19 0.76+0.17

Data were number (%) or mean+SD.

LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery; vFFR, vessel fractional flow reserve.

Table 4 Actual management of non-culprit lesions

VFFR value>0.8 (n=59 lesions)

VFFR value<0.8 (n=80 lesions)

PCI was deferred 45 (76.3%)
PCI was performed in primary PCI 5 (8.5%)
PCI was performed in staged PCI 9 (15.2%)

49 (61.3%)
8 (10.0%)
23 (28.7%)

Data was number (%)

PCI, percutaneous coronary intervention; vFFR, vessel fractional flow reserve.

e ey ————

Ll—’ 1

— VFFR<0.8 |

< s — VFFR>0.8
37; v : Log rank P= 0.243
=
:
£" I T T
jé =59 =80
& VOCE 1.7% (1) 6.3% (5)
o CV death 0% (0) 0% (0)
TVMI 1.7% (1) 0% (0)
TVR 1.7% (1) 6.3% (5)

60

600 1000 1200

Days

Event-free survival (%)

100

—= |

— 1. vFFR >0.8 PCI deferred ’

90

— 2. vFFR >0.8 PCI performed
E VFFRE08 70 perromed Loy rahkie 052
o | I R
PCIdeferred  PCIperfromed  PCIdeferred  PCI perfromed
Group 1 (n=45) Group 2 (n=14) Group 3 (n=49) Group 4 (n=31)
VOCE 2.2% (1) 0% (0) 6.1% (3) 6.5% (2)
70 CV death 0% (0) 0% (0) 0% (0) 0% (0)
TVMI 2.2% (1) 0% (0) 0% (0) 0% (0)
TVR 2.2% (1) 0% (0) 6.1% (3) 6.5% (2)

60

400 600 800 1000 1200

Days

Figure 2 Event-free survival curves. CV=cardiovascular, vFFR=vessel fraction flow reserve, VOCE=vessel-oriented composite
endpoint, TVMI=target vessel myocardial infarction and TVR=target vessel revascularisation.

<0.80, the incidence of VOCE was similar between the
deferred and performed groups (figure 2B).

Among the 32 non-culprit lesions that underwent a
staged PCI, vFFR analysis was feasible in 22 lesions. The
mean duration between index and staged PCI was 46+36
days. The correlation of VFFR of the same non-culprit
lesions between primary and staged PCI was significant
(r=0.822, p<0.001). Similarly, agreement in functional
significance was also significant (Cohen’s kappa=0.861).
The Bland-Altman plots that displayed a mean difference
between index and staged vFFR were 0.03 (95% CI: -0.15
to 0.21) (figure 3).

DISCUSSION

In the present study, we investigated the coronary physi-
ology of non-culprit lesions using vFFR analysis in patients
with STEMI and MVD. The main findings of the present
study are as follows. In the setting of angiography-guided

PCI, more than half of non-culprit lesions with vFFR <0.8
remained with functional incomplete revascularisation.
Also, the VFFR of non-culprit lesions measured acutely
was highly correlated with vFFR measured subsequently
after STEMI. Given that vFFR analysis can be performed
acutely or retrospectively, VFFR can be used to assess the
coronary physiology of non-culprit lesions after primary
PCI.

Previous studies have shown that patients with func-
tional incomplete revascularisation had a significantly
higher rate of major adverse cardiac events than those
with functional complete revascularisation.” However,
the utilisation rate of FFR for assessing intermediate coro-
nary lesions is only about 15%.” ' Although randomised
trials have demonstrated the benefit of FFR-guided
complete revascularisation in patients with STEMI and
MVD, it is not realistic to perform FFR measurement for
non-culprit lesions acutely in primary PCI. In addition,
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Figure 3 Correlation between vFFR in primary and staged PCI. PCl=percutaneous coronary intervention and vFFR=vessel

fraction flow reserve.

the accuracy of wire-based physiological indices may be
slightly affected in the setting of acute MI due to disturbed
microvascular function.'' ' In this setting, angiography-
guided decision-making for the treatment of non-culprit
lesions was commonly adopted rather than physiology-
guided PCI. In the COMPLETE trial, non-culprit lesions
with more than 70% stenosis by visual assessment were
treated with PCI directly, while those with a stenosis
between 50% and 70% were assessed with pressure wire.
Physiology-guided revascularisation was used in only
1.4% of the lesions." Alternatively, the mismatch between
anatomical and functional assessment of coronary lesions
has been extensively reported and showed a significant
reclassification in indication for revascularisation.' '
In our study, a quarter of non-culprit lesions with vFFR
values >0.8 underwent PCI, whereas more than half of
the lesions with vFFR <0.8 were left untreated. Although
there are a multitude of reasons for the undertreatment
of functionally significant lesions in our cohort, there is a
need to implement functional assessment in the manage-
ment of non-culprit lesions in a more practical way rather
than using FFR in primary PCI. In our study, vFFR of
non-culprit lesions was highly correlated in the acute
and staged procedures. vFFR may be used to assess non-
culprit lesions based on angiograms of the index proce-
dure in an ad hoc or post hoc manner. The same type
of analysis using quantitative flow ratio (QFR) for non-
culprit lesion of STEMI has been reported.'” Acute QFR
of non-culprit lesions had a good diagnostic performance
with both staged QFR and staged FFR. Therefore, the use
of angiography-derived FFR, such as vFFR and QFR, may
reduce the number of unnecessary downstream invasive
coronary angiography procedures and may also lead to

an increase in functional complete revascularisation in
patients with STEMI and MVD.

QFR and vFFR are both a type of angiography-
derived FFR. They are computed using different
fluid dynamics models."® A Bayesian meta-analysis
has shown that the diagnostic performance of
angiography-derived FFR is good with high sensi-
tivity and specificity with pressure wire-based FFR
as reference.'” There are no differences in accuracy
for detecting functionally significant lesions between
VvFFR, QFR and FFR Atvariance with FFR or instan-
taneous wave-free ratio (iFR), the prognostic value of
angiography-derived FFR is under investigation.'®>’
In our study, lesions with VFFR <0.8 had a numeri-
cally higher rate of VOCE than lesions with vFFR
>0.8. However, the event rate was relatively low in our
study to demonstrate meaningful differences, and
potential confounding variables may affect our find-
ings. A large-scale, prospective study with adequate
power is demanded to evaluate whether the imple-
mentation of vFFR for assessing non-culprit lesions in
patients with STEMI and MVD has an influence on
clinical outcomes compared with angiography-guided
revascularisation.

Limitations

Our study has several limitations. First, this was a retro-
spective study; therefore, coronary angiograms were
obtained based on routine clinical practice. As such, the
retrospective analysability of vFFR for non-culprit lesions
was limited in our study since interventionists usually
focused on the culprit lesions during the primary PCIL.
Similarly, the reported analysability of QFR was also low
in the same setting.'” Further studies with a dedicated
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imaging acquisition protocol are warranted to evaluate
the analysability in this acute setting. Also, our results
obtained from a single centre with a limited sample size
need to be confirmed in future studies. Additionally, FFR
was not performed for non-culprit lesions in our study.
Therefore, the correlation between FFR and vFFR in
patients with acute coronary syndrome warrants further
investigation.

CONCLUSION

Functional incomplete revascularisation is common in
real-world practice in patients with STEMI and MVD. The
VvFFR might be an alternative physiological index used to
assess non-culprit lesions in this acute setting, and the
adoption of vVFFR may reclassify the coronary revasculari-
sation strategy that is guided by angiography.
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