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ABSTRACT
How do we reduce cardiac death and myocardial infarction 
by percutaneous coronary intervention (PCI) in coronary 
heart disease? Although the interventional community 
continues to grapple with this question in stable angina, 
the benefits of PCI for non- culprit lesions found at ST- 
elevation myocardial infarction are established. Is it 
then wishful thinking that an index developed in stable 
coronary disease, for identifying lesions capable of 
causing ischaemia will show an incremental benefit 
over angiographically guided non- culprit PCI? This is the 
question posed by the recently published FLOW Evaluation 
to Guide Revascularization in Multi- vessel ST- elevation 
Myocardial Infarction (FLOWER- MI) trial. We examine the 
trial design and results; ask if there is any relationship 
between the baseline physiological significance of a 
non- culprit lesion and vulnerability to future myocardial 
infarction; and consider if more sophisticated methods can 
help guide or defer non- culprit revascularisation.

INTRODUCTION
Randomised trials involving more than 6300 
patients over the last decade all agree that 
revascularisation of non- culprit lesions at 
ST- elevation myocardial infarction (STEMI) is 
superior to medical therapy alone.1 However, 
it is uncertain if fractional flow reserve (FFR) 
is beneficial in deciding which non- culprit 
lesions to revascularise. FLOW Evaluation to 
Guide Revascularization in Multi- vessel ST- el-
evation Myocardial Infarction (FLOWER- MI) 
was an investigator- initiated, multicentre 
trial conducted over 2 years in France, that 
randomised 1171 patients following STEMI 
with an angiographic stenosis of ≥50% in at 
least one non- culprit artery to FFR or angio-
graphic guided percutaneous coronary inter-
vention (PCI).2 All patients underwent non- 
culprit assessment prior to discharge. There 
was no difference in the primary endpoint 
which was a composite of all cause death, 
non- fatal myocardial infarction (MI), or 
unplanned hospitalisation leading to urgent 
revascularisation at 1 year (HR 1.32 for FFR 
vs angiography; 95% CI 0.78 to 2.23). These 
results generated debate at the American 
College of Cardiology Scientific Sessions and 
were recently published in full in the New 

England Journal of Medicine. Now that the dust 
has settled, what can we take from FLOW-
ER- MI beyond the headlines?

FLOWER-MI: a closer look
The trial was powered to detect a 5.5% abso-
lute reduction in the incidence of the primary 
endpoint and all prespecified clinical outcomes 
were not significantly different between FFR and 
angiography groups at 1 year. Why did FFR not 
perform as well as hoped? It is worth noting that 
7 out of 9 (78%) deaths in the FFR group were 
non- cardiac, vs only 3 of 10 (30%) in the angi-
ography group. Non- fatal MI was also numeri-
cally higher in the FFR group and despite less 
PCI being performed, the periprocedural MI 
(type 4a) rate was three times higher. The 0.3% 
periprocedural MI rate within the angiography 
arm, however, is almost certainly underreported, 
given the challenges in diagnosing periproce-
dural MI around the time of STEMI, when 
troponin levels are already elevated and/or still 
rising. Compliance to troponin collection is not 
reported, nor the number of troponin samples 
taken per patient. The overall MI rate within 
deferred patients within the FFR arm was high 
at 5.6%, with divergence in the Kaplan–Meier 
curves at 6 months from the index procedure. 
However, we also do not know which events 
occurred in deferred lesions and ultimately 
attempts to draw conclusions are limited by the 
low numbers of events, which were only one- 
third of what the authors anticipated.

To understand this, we should examine the 
trial design in more detail. At first glance, the 
randomisation of FLOWER- MI bears some 
resemblance to the stable coronary disease 
cohort of FAME (Fractional Flow Reserve Versus 
Angiography for Multivessel Evaluation).3 
Unfortunately, there was no blinded assessment 
of FFR within the angiography guided arm and 
it is uncertain why the pre- PCI FFR result was 
not available for 154 (16%) of lesions. Why is 
this important? Any study depends on a differ-
ence in exposure between the two arms to show 
a treatment effect and discordance between FFR 
and angiographic severity is most pronounced 
in the intermediate (<70%) range. Considering 
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the inclusion of severe stenoses in this study and that inter-
mediate disease comprised less than half of all lesions, FFR 
changed the treatment strategy in only 40% of lesions. This is 
in keeping with both DANAMI- 3- PRIMULTI (Third Danish 
Study of Optimal Acute Treatment of Patients with STEMI: 
Primary PCI in Multivessel Disease) and Compare- Acute 
cohorts (31% and 46%, respectively). At the patient level, this 
translated to only one- third (198 of 586 patients) not having 
non- culprit PCI. Relying on this minority to show a statisti-
cally significant difference in outcomes was always going to 
be a challenge. Although this trial was designed prior to the 
results of COMPLETE (Complete Versus Culprit- Only Revas-
cularization Strategies to Treat Multivessel Disease After 
Early PCI for STEMI),4 the estimated event rate of 15% in 
the angiography guided group still seems generous given the 
1- year primary outcome rate of approximately 5% in PRAMI 
(Preventive Angioplasty in Acute Myocardial Infarction) and 
10% in CvLPRiT (complete versus lesion- only primary PCI). 
FLOWER- MI now joins the list of non- culprit revascularisa-
tion trials, but with a comparatively low primary outcome 
rate of 4.2% in the angiographic arm vs 5.5% in the FFR arm 
(table 1).

Why the marked differences in event rates between these 
trials, and why do these rates differ from real- world registries? 
The baseline characteristics of the randomised non- culprit 
trials are largely comparable, although the complexity of 
non- culprit disease is not uniformly reported. A lower- risk 
population may be indicated by the 23% of patients in 
FLOWER- MI with 3 vessel disease vs the 36% in PRAMI. 

There are also differences such as the rates of glycoprotein 
IIb/IIIa and P2Y12 inhibitor use, although this is reflective of 
optimal therapy at the time of each study. However, a more 
significant contributor is likely to be the open label design of 
these trials.

Open label trials and caveats
In the era of primary PCI and modern medical therapy, it 
is increasingly difficult to show benefits in objective, ‘hard’ 
endpoints without large, and therefore, expensive trials. 
Open label trials conflated with ‘soft’ outcomes such as 
hospitalisation and urgent revascularisation renders them 
susceptible to bias, but also makes it difficult to distinguish 
the true symptomatic and prognostic effects of PCI. In this 
regard, a strength of COMPLETE was powering for a copri-
mary endpoint with the objective outcomes of cardiovascular 
death and MI. We also caution against extrapolating results 
from any STEMI trial to the non- ST- elevation MI popula-
tion who have more comorbidities, more complex coronary 
disease and the culprit lesion is frequently ambiguous or 
determined by using the angiogram alone.

Impact on clinical practice
Could less be more?
Given the similar risk of MI and revascularisation in 
previous FFR and angiographic guided trials versus 
medical therapy (table 1), FLOWER- MI certainly 
addresses clinically important questions. Is there a 
middle ground where the benefits of ‘complete’ (or 

Table 1 Comparison of FLOWER- MI with selected trials of non- culprit revascularisation after STEMI

FLOWER- MI COMPLETE Compare- Acute DANAMI- 3- PRIMULTI

  Angio FFR

Dates 2016–2018 2011–2015 2011–2015 2011–2014

No of patients 1171 4041 885 627

Median follow- up (mths) 12 36 12 27

Design Angio (>50%) vs FFR Angio (≥70%)* vs OMT FFR vs OMT FFR vs OMT

FFR ≥0.80 44% – 46% 31%

Composite primary outcome 
(no/%)

Death, non- fatal MI, unplanned 
admission and urgent revasc

CV death, MI, 
ischaemia- driven 
revasc

Death, non- fatal MI, any 
revasc, CVA/TIA

Death, non- fatal MI, ischaemia- 
driven revasc

  24 (4.2) 32 (5.5) 179 (8.9) 23 (7.8) 40 (13)

Event rate with 
revascularisation (%)†

  Death 1.7 1.5 1.6 1.4 4.7

  CV death NR 1.0 1.0 1.6

  MI 1.7 3.1 1.9 2.4 4.7

*Only a minority of patients with moderate stenoses (50%–69%) that would have mandated FFR measurement were enrolled in COMPLETE.
†Event rates for COMPLETE shown as % per person- year as reported by the authors, for comparison with the 12- month follow- up of 
FLOWER- MI.
COMPLETE, Complete versus Culprit- Only Revascularisation Strategies to Treat Multivessel Disease after Early PCI for STEMI; CV, 
cardiovascular; CVA, cerebrovascular accident; DANAMI- 3- PRIMULTI, Third Danish Study of Optimal Acute Treatment of Patients with 
STEMI: Primary PCI in Multivessel Disease; FFR, fractional flow reserve; FLOWER- MI, FLOW Evaluation to Guide Revascularization in 
Multi- vessel ST- elevation Myocardial Infarction; MI, myocardial infarction; NR, not formally reported; OMT, optimal medical therapy; PCI, 
percutaenous coronary intervention; STEMI, ST- elevation myocardial infarction; TIA, transient ischaemic attack.
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COMPLETE) revascularisation can be gained, without 
stenting every angiographic lesion? Unfortunately, 
given the lack of statistical difference in its outcomes, 
the answers remain unclear. We believe it continues to 
remain reasonable to offer either an angiographic or FFR 
guided strategy. Based on expected discordance rates,5 
an FFR strategy versus the (almost entirely) angiographic 
strategy of COMPLETE for >70% stenoses4 would be 
expected to still revascularise 85% of lesions.

If this is the case, should we quibble over a 15% reduc-
tion in lesion revascularisation? In our view, it is important 
to remember that PCI should not be regarded as a benign 
procedure. Aside from the periprocedural risk, underre-
ported in FLOWER- MI, at a mean age of 62 years these 
patients would likely live another 20 years, accruing risk 
of very- late stent- related events year- on- year.6 This may be 
an acceptable trade off on an individualised basis, but not 
if stent implantation has no prospect of improving their 
prognosis in the first place. We believe that FLOWER- MI 
provides a potentially simple and important message, 
FFR can safely defer 1/3 of non- culprit lesions noted at 
the time of STEMI.

Is physiological assessment valid at the time of STEMI?
FLOWER- MI aside, we should consider the validity of 
physiological coronary assessment in acute coronary 
syndromes (ACS). We know the measurement of intra-
coronary pressure as a pragmatic surrogate for flow 
reduces urgent revascularisation, spontaneous MI and is 
cost effective in those with stable coronary artery disease 
planned for PCI.7 Physiological assessment to improve 
symptoms has a clear rationale here: if ischaemia is 
required to cause angina, intervention in the absence of 
flow limitation exposes the patient to the risk of a proce-
dure, while also being unhelpful for their angina.

Due to changes in microvascular physiology at the 
time of STEMI, concern exists whether indices such as 
FFR or iFR, (both developed and validated within the 
stable coronary artery disease population) accurately 
reflect functional significance. This is evaluated in 
detail by a recent review,1 but importantly, flow as well as 
hyperaemic and resting pressure indices can be overes-
timated or underestimated during the index admission. 
These changes could have significant impact around the 
dichotomous treatment thresholds established for stable 
angina. Although studies are small, conflicting, and the 
long- term clinical implications are not characterised - up 
to one in five lesions deferred by FFR, and one in three 
lesions treated by iFR could have a different treatment if 
reassessed 30 days later.

Why do patients have adverse events after culprit 
revascularisation?
If physiological indices are prone to inaccuracy after 
STEMI, why not simply pursue angiographic- guided 
revascularisation? Serial angiography and pathological 
studies certainly support that culprit lesions at the time 
of STEMI are severely stenotic.8 However, to adopt this 

approach would be to disregard compelling evidence 
about the origin of adverse events after STEMI.

FLOWER- MI does not allow us to attribute events to 
culprit or non- culprit lesions (deferred by FFR or other-
wise) but vessel level outcomes were reported in a sub 
study of Compare- Acute, which had the benefit of 
measuring non- culprit FFR in both arms.9 In this study, 
non- culprit, angiographically insignificant vessels (that 
did not warrant FFR measurement in the first place) were 
responsible for two thirds of the spontaneous MIs within 
the follow- up period.

For a systematic multimodality evaluation and 
natural history of non- culprit lesions, we should turn 
our attention to the contemporary PROSPECT II 
study.10 After ACS (22% STEMI), 898 patients under-
went FFR guided revascularisation of all >40% non- 
culprit lesions, followed by three- vessel intravascular 
ultrasound (IVUS) and follow- up for 4 years. Although 
we must be cautious in extrapolating data from a 
combined ACS cohort, of the major adverse cardiac 
events, two- thirds were attributable to non- culprit 
lesions. Of the non- culprit lesions which underwent 
intracoronary imaging characterisation at baseline, 
the mean diameter stenosis was only 47%. Clearly, 
a strategy of angiographic- guided revascularisation 
for >50%–70% stenoses is liable to miss a significant 
number of potentially clinically relevant lesions.

Conversely, not all severely stenotic lesions at base-
line are destined to cause a future adverse event. This 
broad heterogeneity in coronary plaque vulnerability, 
haemodynamic stresses and the risk profile of patients 
with coronary artery disease explains why some lesions 
lead to MI and others do not. Plaques that are more 
likely to rupture or erode are termed ‘vulnerable’ 
and have distinct features that can be identified by 
dedicated imaging techniques. When combined with 
patient level factors such as diabetes, lifestyle factors 
or the pro- inflammatory state of STEMI, these unstable 
plaques can lead to acute coronary syndromes (ACS).

Vulnerable plaque and vulnerable patient assessment
Intracoronary imaging has focused on identifying the 
pathological features associated with thrombotic occlu-
sions: virtual histology IVUS (VH- IVUS: thin cap fibroath-
eroma, plaque burden and minimum lumen area), near- 
infrared spectroscopy (NIRS: lipid rich plaque) and 
optical coherence tomography (OCT: lipid arc, cap thick-
ness and macrophages) which seem to be more preva-
lent in angiographically severe lesions.11 However, only 
a minority of those possessing a full house of morpho-
logical high- risk features progress to an ACS. The addi-
tion of shear and axial stress assessment and the quan-
tification of trans- lesional gradients by computational 
fluid dynamics analysis appears to also provide additional 
information regarding risk of future rupture.12 It also 
may help predict plaque erosion, which comprises an 
increasing proportion of ACS, particularly in women.13 14
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FFR appears to have an association with these known 
plaque vulnerability features.15 Could it be that FFR 
provides a ‘good enough’ measure of vulnerability and 
lipid burden that avoids the excess intervention with an 
angiographic guided approach?16 A pooled analysis of 
three randomised trials (with half of its patients drawn 
from the STEMI cohort of DANAMI- 3- PRIMULTI), 
assessed the ability of the residual SYNTAX (Synergy 
between PCI with TAXUS and Cardiac Surgery) score 
after FFR guided ‘complete’ revascularisation to predict 
adverse events.17 Bearing in mind the limitations of 
post- hoc analyses and the mixed cohort, leaving angio-
graphically significant lesions that were FFR negative did 
not appear to be associated with ischaemic outcomes after 
2 years. It may be that physiological indices are a crude, 
but familiar and reproducible surrogate for abnormal 
plaque stress, but also that a significant component of a 
patient’s risk may potentially be predicted by total coro-
nary atheroma burden alone. Although it appears the 
functional characteristics of a lesion may describe some 
measure of its vulnerability, whether this relationship is 
associative, or causative, remains unknown.

FUTURE DIRECTIONS
Despite decades of advancement, vulnerable plaque 
identification still has several obstacles to overcome. First, 
a method of identifying plaques with a sufficient positive 
predictive value for adverse events is needed. We may 
find more success with the alternative approach of iden-
tifying the truly stable plaque where PCI could be safely 
deferred, or where novel and expensive therapies could 
be withheld.

Second, plaque assessment at baseline may be of 
limited value given that plaques can both deteriorate 
as well as stabilise over time on medical therapy.18 Inva-
sive techniques or the use of ionising radiation are not 
ideal for serial assessment and magnetic resonance 
angiography may hold some promise in this area.19

Third, the identification of vulnerability on a lesion 
rather than patient level seems valuable only if an effec-
tive targeted local intervention is available. With the with-
drawal of the absorb bioresorbable vascular scaffold (BVS) 
from the market, we are left with encouraging signs,20 but 
no conclusive evidence to support a strategy of PCI to 
vulnerable plaques. The PREVENT trial (NCT02316886) 
continues to recruit, randomising 1600 patients to drug 
eluting stent insertion versus optimal medical therapy 
for non- flow limiting disease with high- risk intracoronary 
imaging features, and OCT- CONTACT (NCT04878133) 
will randomise 460 patients to an OCT- guided strategy 
versus complete revascularisation. However, both studies 
are limited to only lesions with a>50% angiographic 
stenosis. Whether contemporary drug eluting stents with 
ultrathin struts, the next generation of bioresorbable 
vascular scaffolds, or PCI to vulnerable plaque regard-
less of angiographic stenosis severity will be beneficial, 
remains unanswered.

CONCLUSIONS
FLOWER- MI is ultimately limited by its low event rate in 
evaluating an FFR versus an angiography- guided revas-
cularisation strategy for non- culprit lesions after STEMI, 
and therefore, either a physiology or angiography guided 
approach still seem reasonable. However, trying to 
reduce adverse hard outcomes with physiology versus the 
blunt tool of angiography may only be a partial solution. 
Risk stratifying individual lesions with new and emerging 
techniques could allow a truly personalised approach to 
STEMI care. The pursuit of a clinically viable method 
to detect, and then intervene on the vulnerable plaque 
continues.
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