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KEYWORDS Abstract
Aims: Treatment of the infarct-related artery only (IRA only) in ST-segment elevation myocardial infarc-
o fractional flow tion (STEMI) is associated with a significantly higher rate of ischaemia-driven revascularisation (ID-RV)
reserve during follow-up than fractional flow reserve-guided complete revascularisation (FFR-CRV). This study
¢ multivessel disease aimed to characterise all lesions which underwent ID-RV in the DANAMI-3-PRIMULTI trial with respect
e STEMI to location, stenosis grade and functional significance.

Methods and results: The study included 627 patients with STEMI and multivessel disease; 313 patients
were randomised to treatment of the IRA only versus 314 undergoing staged FFR-CRV during the index
admission. Rates of admission for suspected cardiac ischaemia (17%) were similar in both groups; how-
ever, ID-RV was significantly less frequent in the FFR-CRV group than in the IRA-only group (5% vs.
17%; p<0.001). In both groups, the primary reason for ID-RV was related to non-culprit, non-treated lesions
(N=71/82 lesions in IRA-only; N=13/26 in FFR-CRV). De novo lesions or revascularisation of previously
treated lesions were rarely causes of ID-RV. In the IRA-only group, there was a trend towards a higher
ID-RV rate for lesions with a higher stenosis grade and located in more proximal segments — in particu-
lar, >80% stenosis of the left anterior descending and right coronary artery also led to angina class IV/
unstable angina. In the FFR-CRV group, an FFR value <0.80 was shown to be an appropriate threshold for
revascularisation.

Conclusions: FFR-CRV in STEMI is associated with a significantly lower rate of ID-RV at follow-up
than treatment of the IRA only. This is due to a difference in non-culprit, non-treated lesions between both
groups and not in de novo lesions or repeat revascularisation of previously treated lesions. Further consid-
erations are warranted in case of high-grade non-culprit stenosis at proximal coronary segments, borderline

FFR values and/or anticipated complex PCI.
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Abbreviations
CABG  coronary artery bypass graft

FFR fractional flow reserve

IGR interquartile range

IRA infarct-related artery

LAD left anterior descending

PCI percutaneous coronary intervention

PDA posterior descending artery

RCA right coronary artery

RV revascularisation

STEMI  ST-segment elevation myocardial infarction

Introduction

Primary percutaneous coronary intervention (PCI) is accepted as
the standard of care for patients with ST-segment elevation myocar-
dial infarction (STEMI). Over the past few years, different studies
have shown the benefits of complete revascularisation of all angio-
graphically or functionally significant lesions in STEMI patients
presenting with multivessel disease, during either the index or
a staged procedure'. In order to assess which non-culprit lesion(s)
should be targeted by complete revascularisation, fractional flow
reserve (FFR) has been suggested as an objective measure for the
significance of a lesion’. The randomised, controlled DANAMI-3-
PRIMULTI trial compared FFR-guided complete revascularisation
(FFR-CRV) in STEMI with PCI of the infarct-related artery (IRA)
only and showed significantly fewer ischaemia-driven revasculari-
sations (ID-RV) during follow-up in the FFR-CRV group, whereas
all-cause mortality and non-fatal reinfarction did not differ signi-
ficantly between the groups®. This study aimed to characterise all
lesions which underwent ID-RV in the DANAMI-3-PRIMULTI trial
with respect to location, stenosis grade and functional significance.

Editorial, see page 134

Methods

STUDY DESIGN

The present study was performed as a post hoc analysis of the
data collected during the DANAMI-3-PRIMULTI trial®. It was
conducted in accordance with the Declaration of Helsinki and
was approved by the local ethics committee. All patients provided
written informed consent.

The study included 627 patients with STEMI who underwent
successful PCI of the culprit lesion within 12 hours from symptom
onset and who had at least one additional >50% diameter stenosis
in a non-infarct-related artery of more than 2.0 mm diameter. The
grade of coronary artery stenosis was determined by visual inter-
pretation. Patients were randomised to no further invasive treatment
(PCI of the infarct-related artery only, IRA group: N=313) or to FFR-
guided, staged complete revascularisation during index admission
(FFR-CRV group: N=314). Complete revascularisation targeted all
non-culprit lesions with an FFR value <0.80 or a visually assessed
diameter stenosis >90% identified by repeat angiography. Lesions
were treated by PCI, unless they were deemed unsuitable for PCI, in
which case coronary artery bypass grafting (CABG) was considered.

Ischaemia-driven RV after primary PCI

The present analysis was conducted to characterise the lesions
that were treated during ID-RV, as well as the timing and urgency
of ID-RV. Assessed lesion characteristics included the lesion sta-
tus at the initial treatment (treated culprit lesion, treated or non-
treated non-culprit lesion, or de novo lesion not identified at the
index procedure), lesion location, angiographic diameter stenosis
(%) and FFR value at the initial treatment, if available.

DEFINITIONS

Patients were followed after the index procedure and ID-RV dur-
ing follow-up was performed when required. ID-RV, which was
a secondary endpoint of the DANAMI-3-PRIMULTI study, was
defined as any coronary revascularisation on the basis of either
angina pectoris, a positive non-invasive ischaemia test, or both.
The Canadian Cardiovascular Society (CCS) grading system was
used to gauge angina symptom severity; there was no recommen-
dation for routine non-invasive ischaemia testing during follow-
up. Urgent revascularisation was defined as revascularisation
during admission for any acute coronary syndrome (ACS), both
unstable angina and troponin-positive ACS?.

STATISTICS

Descriptive statistics were expressed as median and interquartile
range (IQR) for continuous variables and as frequency and percent-
age (%) for discrete variables. The differences in continuous vari-
ables between groups were determined using the Student’s t-test
or Wilcoxon rank-sum test, whereas the chi-square test or Fisher’s
exact test was used to test for associations between discrete vari-
ables. A two-tailed p-value <0.05 was considered to indicate statis-
tical significance. Statistical analyses were performed using SPSS
software, Version 23.0 (IBM Corp., Armonk, NY, USA).

Results

STUDY POPULATION

The baseline data of both groups are provided in Table 1. Except
for parameters with differences inherent to the randomised treat-

ment, no significant differences were found between the groups.

SUSPECTED CARDIAC ISCHAEMIA AND ID-RV AT
FOLLOW-UP
In total, 107 patients were admitted because of suspected cardiac
ischaemia at follow-up, involving 54 patients (17%) in the IRA-only
group and 53 patients (17%) in the FFR-CRV group (Figure 1). The
major reason to suspect cardiac ischaemia in both groups was angina
CCS class I (N=66). A total of nine patients (3%) were admit-
ted because of angina class IV or unstable angina in the IRA-only
group, whereas no single patient in the FFR-CRV group presented
with this degree of angina (N=0; p=0.007). The rate of troponin-
positive ACS was not different between the groups (Figure 1B).
The strategy of FFR-CRV during the index admission was
associated with a significantly lower rate of ID-RV at follow-up as
compared to the IRA-only approach (N=17; 5% vs. N=52; 17%,
respectively; p<0.001) (Figure 2). Both urgent and non-urgent PCI
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Table 1. Demographics and baseline data.

IRA only (N=313)

| FFR-CRV(N=314) | pvalue

Age (years) 64 [range 34-92] 64 [range 37-94] 1.000
Male 255/313 (82%) 251/314 (80%) 0.686
Hypertension 146/313 (47%) 130/314 (41%) 0.198
Diabetes mellitus 42/313 (13%) 29/314 (9%) 0.103
Current smoking 151/313 (48%) 160/314 (51%) 0.523
Previous myocardial infarction 271313 (9%) 17/314 (5%) 0.121
Infarct location | Anterior 112/313 (36%) 105/314 (33%) 01557
Inferior 179/313 (567%) 195/314 (62%) 0.223
Posterior 20/313 (6%) 10/314 (3%) 0.064
Three-vessel disease 100/313 (32%) 97/314 (31%) 0.797
Stenosis on proximal LAD 86/313 (28%) 80/314 (26%) 0.588
Procedural data | Number of arteries treated per patient 1[1-2] 2[1-3] <0.001
Total stent length per patient (mm) 18 [15-28] 33[18-51] <0.001
Stent diameter (mm) 3.5[2.75-3.5] 3.0[2.75-3.5] 0.005
Drug-eluting stent 290/313 (93%) 298/314 (96%) 0.252
Use of glycoprotein IIb/Illa inhibitor 72/313 (23%) 64/314 (20%) 0.440
Contrast volume (mL) 170 [125-220] 280 [215-365] <0.001
Fluoroscopy dose (Gy-cm?) 49 [33-74] 77 [62-115] <0.001
Antiplatelet Aspirin 308/313 (98%) 303/314 (97%) 0.204
therapy Thienopyridine 309/313 (99%) 310/314 (99%) 1.000
CRV: complete revascularisation; FFR: fractional flow reserve; IRA: infarct-related artery; LAD: left anterior descending
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0 12 2% 36 18
Follow-up (months)

IRA only 313 265 144 49
FFR-CRV 314 267 143 48
B
Admission for suspected cardiac IRA only FFR-CRV
ischaemia — subcategories (N=107) (N=313) (N=314) p-value
Dyspnoea — non-invasive ischaemia test (+) 5/313 (2%) 2/314 (1%) 0.445
Angina CCS Il 26/313 (8%) 40/314 (13%) 0.093
Angina CCS Il 4/313 (1%) 5/314 (2%) 1.000
Angina CCS IV/unstable angina 11/313 (3%) 0 <0.001
ACS, troponin (+) 8/313 (3%) 6/314 (2%) 0.782
Suspected cardiac ischaemia 54/313 (17%) 53/314 (17%) 0.986

Figure 1. Admission for suspected cardiac ischaemia during
follow-up in the DANAMI-3-PRIMULTI trial. A) Cumulative
incidence curves for both study groups. B) Analysis of the different
causes leading to suspicion of cardiac ischaemia. The Canadian
Cardiovascular Society (CCS) grading system was used to gauge
angina symptom severity. ACS: acute coronary syndrome; FFR-
CRYV: fractional flow reserve-guided complete revascularisation;
HR: hazard ratio; IRA: infarct-related artery

were more frequently performed in the IRA-only group than in
the FFR-CRV group (Figure 2B). The timing of these ID-RVs is
shown in Figure 3, revealing that more than 70% of all revascu-
larisations were performed within the first 18 months following
the index admission in both groups.

Among all patients undergoing ID-RV (N=69) in this study,
108 lesions were finally revascularised — 82 lesions in the IRA-
only group and 26 lesions in the FFR-CRV group (Figure 4). Only
a small number of lesions were de novo, not previously identi-
fied lesions (N=8 in the IRA-only group vs. N=7 in the FFR-CRV
group). Reintervention of previously treated (non)-culprit lesions
was rare in both groups. ID-RV most frequently targeted non-cul-
prit lesions that were left untreated at the index admission, with
a randomisation-driven larger number of such lesions in the IRA-
only group (N=71) than in the FFR-CRV group (N=13) (Figure 4).

LESION CHARACTERISTICS
In the IRA-only group, ID-RV involved a total of 71 non-culprit
lesions that were initially not treated per protocol. The proportion
of non-culprit lesions that underwent ID-RV during follow-up was
rather similar across various coronary artery segments (Figure 5).
Nevertheless, there was a trend towards a higher ID-RV rate of
non-culprit lesions in case of a higher stenosis grade and involve-
ment of a more proximal segment (Figure 5A). In particular, >80%
stenosis of the left anterior descending (LAD) and right coronary
artery (RCA) could lead to angina class IV or unstable angina
(N=8) (Figure 5B).

In the FFR-CRV group, ID-RV involved a total of 13 non-cul-
prit lesions that were left untreated during the index admission
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0 12 2% 36 48
Follow-up (months)

IRA only 313 215 146 52
FFR-CRV 314 295 163 54
B
Mode of ischaemia-driven IRA only FFR-CRV
revascularisation (ID-RV; N=69) (N=313) (N=314) p-value
Urgent PCI 18/313 (6%) 7/314 (2%) 0.030
Non-urgent PCI 27/313 (9%) 8/314 (3%) 0.002
CABG 71313 (2%) 2/314 (1%) 0.107

Total number of ID-RV cases 52/313 (17%) 17/314(5%)  <0.001

Figure 2. Ischaemia-driven revascularisation (ID-RV) during
Sfollow-up in the DANAMI-3-PRIMULTI trial. A) Cumulative
incidence curves for both study groups. B) Mode and urgency of
ID-RV during follow-up in both study groups. CABG: coronary
artery bypass grafi; FFR-CRV: fractional flow reserve-guided
complete revascularisation; HR: hazard ratio; IRA: infarct-related
artery; PCI: percutaneous coronary intervention

(Table 2). Two patients were not treated at the index admission
due to procedural considerations, although the FFR value at that
time was <0.80 (patients #7 and #8). One other patient in whom
borderline FFR values (0.81-0.82) were measured in obtuse mar-
ginal (OM) branches was not revascularised at the index admis-
sion; however, the patient was admitted two weeks later with

IRA only

Number of patients (N)

2% 48
Follow-up (months)

Ischaemia-driven RV after primary PCI

100

Number of lesions (N)

IRA only FFR-CRV

De novo lesion
@ Non-culprit, non-treated lesion

B Non-culprit, treated lesion
B Culprit lesion

Figure 4. In-depth analysis of all lesions that were revascularised
during follow-up in the DANAMI-3-PRIMULTI trial (N=108 lesions
in 69 patients), indicating the lesion status at the initial time of
randomisation: de novo lesion not identified at the index procedure,
non-treated or treated non-culprit lesion, or initially treated culprit
lesion. FFR-CRV: fractional flow reserve-guided complete
revascularisation; IRA: infarct-related artery

angina CCS class III leading to PCI of these lesions. Importantly,
the majority of patients were revascularised beyond one year after
the index admission (N=8/11) (Tahle 2).

PROGRESSION TO MORE COMPLEX LESIONS IN THE
IRA-ONLY GROUP

An example of a patient, randomised to the IRA-only group, is
shown in Figure 6. At primary PCI, an acute occlusion of the

FFR-CRV

61

Number of patients (N)

2% 36 48
Follow-up (months)

Figure 3. Timing of ischaemia-driven revascularisation (ID-RV; N=69) involving treatment of non-culprit lesions not treated at the index
admission, according to protocol. FFR-CRV: fractional flow reserve-guided complete revascularisation; IRA: infarct-related artery
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A Non-culprit, non-treated lesions that needed ID-RV left circumflex artery was opened and a drug-eluting stent was

in the IRA-only group (N=71)
% Diameter stenosis
60%-69%  70%-19%

implanted. Per randomisation, stenoses in the mid-LAD and poster-

ior descending artery (PDA) were left untreated. At 274 days after

50%-59% 80%-83% 290%

the index procedure, the patient was admitted because of unsta-
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Lt B 02 0%) - - _ ble angina pectoris. Angiography showed further progression of
Ll 120 (5%)  6/43(14%) [ 636 (171%)  5/29(17%) RREHBENEl non-culprit lesions into a 90% mid-LAD stenosis and complete
RCA-provmid /12 (0%) [2/l7 (12%) " 3/20(15%) S/2IIS%)N occlusion of the PDA. Because of this two-vessel disease involv-
LCX-prox/OM1 1713 (8%)  4/31(4%)  4/31(13%) 3/24 (13%)  2/13 (15%) ing a LAD bifurcation and a chronic total PDA occlusion, CABG
Distal segments ~ 0/13(0%)  6/62 (10%)  7/62 (11%) 7/63 (11%) 4/34 (12%) was considered the best therapeutic choice for this patient.

RV-FU rate  0-5%  5-10% 10-15% 15-20% 20-25% >25% Discussion

The present analysis of data from the DANAMI-3-PRIMULTI
trial provides further insight into the lesions that led to ID-RV in

B Non-culprit, non-treated lesions that led
to angina CCS class IV/unstable angina (N=11)

At index procedure RV timing

Segment  Stenosis %  FFR value (days) RV urgency this STEMI population. As reported in earlier publications from
Patient #1 LAD-prox 70% - +2days  Urgent this trial*®, the rate of ID-RV was significantly lower in patients
Patient #2 LAD-mid 90% N +15days  Urgent who underwent FFR-guided complete revascularisation (FFR-
Patient #3 RCA-mid 90% - + 16 days Urgent CRV d to th .. further initial treat t
Sfa T 20% ~ e27days Urgent ) as compa.re o those rec.e1v1?1g no further initial trea m-en.
Patient #5 LAD-mid 80% _ +80days  Urgent In-depth analysis shows that this difference can be fully ascribed
Patient #6 LAD-mid 90% - +91 days Urgent to the non-culprit lesions that were left untreated during the index
Patient #7 LAD-mid 80% - +140days  Urgent admission in the IRA-only group. Repeat revascularisation rates of
Patient #8 RCA-prox 80% - +200days  Urgent culprit and non-culprit lesions, treated during index admission, as
Patient #9 RCA-mid 90% - + 210 days Urgent L. . ..
_ well as the incidence rates of de novo lesions were low and simi-
Patient #10 LCX-prox 70% - + 442 days Urgent L. o K
Patient #11 RCA-mid 70% B +485days  Urgent lar among the randomisation arms — indicating that FFR-CRV with

a 0.80 cut-off value can be considered safe and efficacious.
The DANAMI-3-PRIMULTI trial found a significantly lower

Figure 5. Lesion characteristics of non-culprit, non-treated lesions S ) ) ) g
incidence of the composite of all-cause mortality, reinfarction and

that were revascularised during follow-up in the IRA-only group

(n=71). A) Percentages represent the proportion of all lesions at repeat revascularisation in patients undergoing complete revascu-

a specific location (and with a specific % stenosis grade) that were larisation as compared to those with treatment of the IRA only?.
treated during follow-up. B) List of all non-culprit, non-treated This reduction was driven by a difference in revascularisation
lesions that led to angina CCS class IV/unstable angina and urgent rates, while mortality and reinfarction were not significantly dif-

ischaemia-driven revascularisation in the IRA-only group (N=11). ferent between the treatment groups. A post hoc analysis of the

Table 2. Non-culprit, non-treated lesions that needed RV-FU in the complete RV group (N=13).

At index procedure
Segment : RV timing (days) RV urgenc
& Stenosis % FFR value g tday geney
Patient #1 LCx-mid 70% 0.91 + 753 days Non-urgent
Patient #2 LAD-mid 60% 0.92 + 707 days Urgent
Patient #3 LAD-prox 50% 0.90 + 372 days Non-urgent
Patient #4 D1 60% N/A (1) + 492 days Non-urgent
Patient #5 oM1 75% 0.81
+ 13 days Urgent
oM2 80% 0.82
Patient #6 LAD-mid 60% 0.88 + 130 days Non-urgent
Patient #7 LAD-mid 60% <0.80 (2) + 509 days Urgent
Patient #8 LAD-mid 70% <0.80 (2) + 488 days Non-urgent
Patient #9 LCx-prox 60% 0.89 + 449 days Urgent
Patient #10 LAD-mid 60% 0.81
+ 546 days Urgent
D1 70% 0.86
Patient #11 LAD-mid 70% N/A (3) + 101 days Non-urgent
RV timing indicates days after the index procedure. (1) D1 lesion not considered for FFR/PCI at index procedure; (2) lesions with FFR <0.80
but not treated during the index admission due to procedural considerations, i.e., involvement of bifurcation and trifurcation lesion; (3)
residual, non-treated LAD-mid lesion after initial FFR-CRV with PPCI of RCA and FFR-guided PCI of a more proximal LAD segment. CRV:
complete revascularisation; FFR: fractional flow reserve; LAD: left anterior descending; LCx: left circumflex; OM: obtuse marginal; PPCI:
primary percutaneous coronary intervention; RCA: right coronary artery; RV: revascularisation; RV-FU: revascularisation at follow-up
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Distal LCx
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Figure 6. Example of a STEMI patient with an occluded distal LCx
artery randomised to IRA-only treatment who required CABG at
274 days after initial treatment. Angiographic images at PPCI (left)
and at follow-up (right) are shown. CABG: coronary artery bypass
graft; IRA: infarct-related artery; LAD: left anterior descending
artery; LCx: left circumflex artery; PPCI: primary percutaneous
coronary intervention

DANAMI-3-PRIMULTI data showed that the reduction in the com-
posite endpoint was most pronounced in patients with three-vessel
disease combined with non-culprit lesions with >90% diameter ste-
nosis®. Our findings are complementary to the results of this earlier
post hoc analysis. In particular, they suggest that the decision to treat
non-culprit lesions is safe and with documented good outcome. In
addition, more nuanced considerations beyond a strict application of
the study criteria for revascularisation — inevitably required within
the setting of a clinical trial — may be needed in daily clinical practice.

In patients randomised to FFR-CRV, only three out of
314 patients (1%) needed ID-RV of non-culprit, non-treated
lesions within one year after the index admission. This finding
suggests that an FFR threshold of 0.80 provides adequate guidance

Ischaemia-driven RV after primary PCI

for treatment of non-culprit lesions. However, with eight patients
undergoing revascularisation more than one year after the initial
treatment, it should be acknowledged that FFR in a STEMI set-
ting might not reliably indicate the need for intervention in the
medium to long term.

Another observation in this study is that there were hardly
any repeat revascularisations of treated, non-culprit lesions (only
2/246 lesions; 0.8%) in the patient cohort randomised to FFR-
CRV. This confirms the high safety and success rates reported
in prior trials studying complete revascularisation in STEMI'>4,
Whether the applied staged approach for complete revascularisa-
tion in the DANAMI-3-PRIMULTT trial has further contributed to
these excellent outcomes is a matter of speculation.

In the context of this study, it is also important to note that true
“complete revascularisation” was not obtained in 20 patients in the
FFR-CRV group. In 15 patients, treatment with PCI of an FFR-
positive lesion was not performed as the operator evaluated the
lesion as being too complex and/or too high-risk for PCI and at the
same time not eligible for CABG. This underlines that further con-
sideration is warranted regarding treatment of non-infarct-related
lesions — especially in case of complex lesions and/or borderline
FFR values — and that the decision to perform additional revascu-
larisation in a STEMI setting should not just depend on one iso-
lated FFR value. Other factors such as the operator’s judgement of
the technical feasibility of the intervention and overall risk/bene-
fit ratio for the patient (e.g., renal dysfunction, bleeding diathesis,
thrombosis risk) should also be taken into consideration.

Although an FFR-CRYV approach has been shown to be assoc-
iated with a significantly lower rate of ID-RV as compared to
angiography-guided complete revascularisation — both in stable
angina as well as in the setting of acute coronary syndrome’® —
the use of FFR in a STEMI setting is not always that practical
or feasible. Operators could be concerned about prolongation of
the index procedure, use of more contrast dye, or unreliable FFR
measurements in this acute phase. The staged approach of pri-
mary PCI and FFR evaluation of non-culprit lesions (as applied
in this study) and/or the use of novel non-hyperaemic indices
of coronary artery stenosis severity can be a solution. However,
bringing back all STEMI patients with multivessel disease to
the catheterisation laboratory for additional FFR measurements
in a systematic way will not be feasible in many centres out-
side a clinical trial. Therefore, it is still interesting to study the
IRA-only group in more detail and investigate which lesions led
to (urgent) ID-RV in the DANAMI-3-PRIMULTI trial — as was
done in this study.

In STEMI patients with treatment of the IRA only, non-culprit
lesions were more likely targets for ID-RV when located in the
proximal/mid-LAD and RCA segments and when they had a rela-
tively high stenosis grade at initial angiography. Although FFR
values of such lesions were not assessed, it may be speculated
that FFR would have classified many of these high-grade stenoses
as functionally significant’. In particular, >80% stenosis of the
LAD and RCA left untreated in the IRA-only group led to angina
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class IV/unstable angina and urgent RV in eight patients, whereas
no single patient in the FFR-CRV group presented with this
degree of angina. Importantly, one of the patients in the IRA-only
group developed a third-degree AV block and in-hospital cardiac
arrest a few hours after PCI of a LAD culprit lesion; a residual
90% RCA lesion was left untreated. Consequently, we believe
that a more complete revascularisation than IRA only should be
considered during the index procedure in case of a high-grade
(=290%) non-culprit stenosis with a large distal supply area.

Although complete revascularisation has been shown to be
beneficial and revascularisation of non-culprit lesions is rec-
ommended by current guidelines'®, a recent large PCI regis-
try showed that 78% of STEMI patients underwent incomplete
revascularisation'!. The same study reported an increased mortal-
ity among STEMI patients who had incomplete revascularisation
of two or more vessels or of the LAD. In all patients under-
going PCI, incomplete revascularisation of a vessel with >90%
stenosis also resulted in a higher risk, although this effect was
not significant for STEMI patients only. These findings are con-
sistent with the observations from the DANAMI-3-PRIMULTI
trial and indicate the need for careful consideration when treat-
ing additional non-culprit lesions in STEMI patients with multi-
vessel disease.

Finally, an interesting observation of this substudy is that
ID-RV by CABG was undertaken in seven patients (2.2%) in the
IRA-only group vs. only in two patients (0.6%) in the FFR-CRV
group (p=0.107). Statistical significance was not reached due to
the low incidence rate and a lack of statistical power. In Figure 4,
a case example illustrates the potentially negative consequence
of incomplete revascularisation: (1) progression of a borderline
stenosis into a complex bifurcation lesion, and (2) progression of
a high-grade stenosis into a chronic total occlusion. This obser-
vation suggests that revascularisation of non-culprit lesions could
also be considered if lesions are likely to progress into complex
lesions — even in case of a negative, borderline FFR value —
or in case of a critical lesion likely to progress into a chronic
total occlusion. Although this may not significantly reduce the
incidence of hard endpoints such as mortality and reinfarction,
we consider it beneficial from a patient’s perspective to avoid
ID-RV. This is particularly true if non-culprit, non-treated lesions
are likely to progress into complex lesions requiring CABG in
the future.

Limitations

A limitation of this analysis, inherent to the protocol of the
DANAMI-3-PRIMULTI trial, is the fact that FFR values in non-
culprit lesions were not determined in patients randomised to
IRA only. We can therefore only speculate how many non-cul-
prit lesions in these patients would have qualified for revascu-
larisation based on their FFR value. On the other hand, for most
of the high-grade stenosis (=90%), it is likely that FFR would
have shown the stenosis to be functionally significant*. Another
limitation of this study is that data on functional significance

(FFR values) were most of the time not available at the time of
ID-RV. Finally, our observations are based on a single cohort
with a specific risk profile and may not be extrapolated to other
populations with different risks for mortality and reinfarction.

Conclusions

Treatment of the IRA only in STEMI is associated with a signi-
ficantly higher rate of ID-RV as compared to an FFR-CRV approach
— this can be ascribed entirely to the non-culprit lesions that were
left untreated in the IRA-only group. Repeat revascularisation rates
of culprit and non-culprit lesions — treated during index admission
— as well as the incidence rates of de novo lesions were very low
in both groups, indicating that FFR-CRV in STEMI can be consid-
ered safe and efficacious. Higher vigilance is recommended in case
of high-grade non-culprit stenosis at more proximal coronary seg-
ments, borderline FFR values and/or anticipated complex PCI.

Impact on daily practice

Treatment of the IRA only in STEMI is associated with a signi-
ficantly higher rate of ischaemia-driven revascularisation than
FFR-guided complete revascularisation. This is due to a differ-
ence in non-culprit, non-treated lesions between the groups. In
the FFR group, an FFR value <0.80 was shown to be an appro-
priate threshold for revascularisation; however, further consid-
eration is warranted in case of borderline FFR values and/or

anticipated complex PCI.
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