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ABSTRACT
Objective: It remains unknown whether complete
revascularisation is optimally performed in patients
with ST segment elevation myocardial infarction
(STEMI) during the index or at staged procedures. The
aims of this study were to quantify the number of
primary percutaneous coronary intervention (PCI)
procedures in which non-culprit lesions needed further
evaluation, to determine the consequence of the re-
evaluation and to quantify adverse cardiac events
during the waiting time for re-evaluation and
intervention.
Methods: The study was observational and
retrospective and included all patients with
STEMI treated with primary PCI during 1 year
at our centre.
Results: Among the 507 patients with STEMI, 374
were considered sufficiently treated with culprit lesion
PCI only. Complete primary multivessel
revascularisation was performed in 11 patients. Non-
culprit lesion re-evaluation was planned for 122
patients (24%). Of these 122 patients, 3 patients died
during their index admission. Follow-up data were not
available for 3 patients. Among the 116 patients, 187
non-culprit lesions were re-evaluated and 77 patients
(66.4%) underwent revascularisation with treatment of
119 lesions (63.3%). Re-evaluation was performed
after a median of 30 days (25th centile: 9 days, 75th
centile: 35 days). During the waiting time for re-
evaluation, two patients underwent a new primary PCI
due to stent thrombosis of the index culprit lesion.
Conclusions: Staged re-evaluation of non-culprit
lesions observed in patients with STEMI was required
in 24% of a primary PCI cohort. Intervention was
performed in 66.4% of patients scheduled for re-
evaluation. We observed no adverse events related to
the non-culprit lesions during the waiting time for a
staged re-evaluation or intervention.

INTRODUCTION
Primary percutaneous coronary intervention
(PCI) is the preferred reperfusion strategy

for patients with ST segment elevation myo-
cardial infarction (STEMI). In patients with
STEMI with multivessel disease, guidelines
generally recommend treatment of the
culprit lesion at the index procedure and
staged intervention of non-culprit lesions.1–3

New studies have suggested that complete
revascularisation should be performed
during the initial procedure or during
primary admission.4–8 Non-culprit lesion PCI
during the primary procedure has hitherto
predominantly been guided by angiographic
assessment of stenoses.6–8 Non-culprit lesion
severity, however, may be overestimated by
angiographic assessment in relation to
STEMI.9 In elective patients, stenosis evalu-
ation with supplemental methods such as
assessment of fractional flow reserve (FFR)
may reduce the need for revascularisation

KEY QUESTIONS

What is already known about this subject?
▸ Staged complete revascularisation is recom-

mended as the default strategy in ST segment
elevation myocardial infarction. Primary com-
plete revascularisation has been suggested as
an alternative strategy.

What does this study add?
▸ This study provides a current estimate of the

proportion of patients with ST segment elevation
myocardial infarction that are candidates for
primary complete revascularisation and the
safety of staged complete revascularisation in
these patients.

How might this impact on clinical practice?
▸ Staged complete revascularisation in ST

segment elevation myocardial infarction appears
to be a safe strategy. Alternative strategies
should be evaluated with the current standard as
comparator to prove, at least, equal safety.
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and improve patient outcomes at the same time.10–13

A concern related to complete primary angiography-
guided revascularisation is thus an unnecessary treat-
ment of non-significant lesions imposing increased
patient risk.4 5

In our centre, we routinely offer staged PCI of pre-
sumed significant non-culprit lesions in patients with
STEMI with multiple lesions. The aims of the present
study were to assess the percentage of primary PCI pro-
cedures in which non-culprit lesions needed further
evaluation, to determine the consequence of the
re-evaluation and to quantify any adverse cardiac events
during the waiting time for re-evaluation and
intervention.

PATIENTS AND METHODS
The study is a single-centre observational and retrospect-
ive study. According to Danish Law, the study did not
require ethical committee approval. The study was
approved by the Danish Data Protection Agency
(number 2012-41-0164).
Patients treated with primary PCI for STEMI at Aarhus

University Hospital from 1 September 2013 to 31 August
2014 were identified in the Western Denmark Heart
Registry.14 If a patient had more than one primary PCI
procedure performed during the study period, only the
first primary PCI procedure was included in the study.
Patient baseline characteristics and index procedure
dates were retrieved from the Western Denmark Heart
Registry.14

The remaining information was obtained through
review of the medical records. We recorded the treat-
ment plan at the index procedure, that is, culprit lesion
intervention only, complete primary revascularisation of
more than one lesion or staged re-evaluation of non-
culprit lesions.
When staged re-evaluation was planned, patients were

followed until the time of revascularisation or until a
final decision of unneeded revascularisation was taken.
The interval between the index primary PCI and revas-
cularisation and adverse cardiac events (death, myocar-
dial infarction or urgent revascularisation) during the
waiting time for revascularisation was recorded. For each
patient with planned staged re-evaluation, we evaluated
whether complete revascularisation at the index primary
PCI would have been possible with an acceptable pro-
cedure risk and time and contrast use and without the
need for heart team consultation. For each lesion sched-
uled for re-evaluation, we registered the use of add-
itional diagnostic modalities for re-evaluation and the
final clinical consequence, that is, coronary bypass
surgery, PCI or optimal medical treatment only.
Our strategy for revascularisation in patients with

STEMI is in agreement with current guidelines, that is,
patients with multivessel disease are offered staged evalu-
ation.1–3 On the basis of primary angiogram,
re-evaluation is individually tailored to each patient.

Re-evaluation is performed either during the index
admission or during a later admission. Re-evaluation
may be based on the index coronary angiography alone
or supplemented with myocardial perfusion imaging.
Re-evaluation may also involve a new coronary angiog-
raphy with or without supplemental evaluation methods,
that is, FFR or intravascular imaging. In any case, heart
team consultation may be used either in the evaluation
of the index angiography or of subsequent supplemental
evaluation. Complex pathologies such as left main
lesions, proximal left anterior descending artery lesions
or three-vessel disease are, in general, always discussed
individually with the heart team. Treatment was, in any
case, based on informed consent.

RESULTS
Patients, adverse events and treatment
We identified 507 patients undergoing primary PCI
during the study period (table 1). Of these, 122 patients
were scheduled for re-evaluation (figure 1). Follow-up
data were not available for three patients who had their
re-evaluation performed at other centres (figure 2).
During the follow-up, three patients died before dis-

charge from their index admission. One patient died of
sudden cardiac arrest in the coronary care unit 3 days
after the index procedure due to myocardial free wall
rupture. One patient developed circulatory failure
immediately after the index procedure. A myocardial
free wall rupture was suspected based on the clinical
presentation and echocardiographic findings. This
patient was offered acute surgery but refused and died
of circulatory collapse. The last patient developed circu-
latory collapse with pulmonary oedema in the coronary
care unit 2 hours after the index procedure.

Table 1 Baseline patient characteristics

Consecutive patients

with primary PCI

(n=507)

Mean age (SD), years (n=507) 64.8 (12.5)

Male gender, % (n=507) 71.4%

Mean BMI (SD), kg/m2 (n=470) 26.9 (4.8)

Family history of IHD, % (n=407) 41.3%

Current smoking, % (n=425) 49.2%

Hypertension, % (n=468) 39.1%

Hypercholesterolaemia, %

(n=469)

25.4%

Diabetes, % (n=497) 11.4%

Previous AMI, % (n=495) 6.1%

Previous PCI, % (n=495) 8.3%

Previous CABG, % (n=497) 1.2%

Hypertension=treatment with blood pressure lowering agents;
hypercholesterolaemia=treatment with lipid lowering agents;
diabetes=treatment with antidiabetic drugs or diet.
AMI, acute myocardial infarction; BMI, body mass index; CABG,
coronary artery bypass grafting; IHD, ischaemic heart disease;
PCI, percutaneous coronary intervention.
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Echocardiography confirmed papillary muscle rupture.
Acute surgery was performed but the patient died of
multiple organ failure in the intensive care unit 3 days
after surgery.
During the follow-up, two patients suffered from acute

myocardial infarction and underwent urgent PCI. Stent
thrombosis of the index lesion was the cause of recur-
rent myocardial infarction in both these patients. After
this second primary PCI procedure, both patients had
elective re-evaluation as originally planned.
We did not identify any adverse events caused by the

non-culprit lesions in the patients scheduled for staged
re-evaluation.
Among the 122 patients scheduled for re-evaluation,

the treating PCI operator retrospectively considered that
full primary revascularisation would have been feasible
in 62 patients (51%) with an acceptable procedure risk
and time and contrast use and without the need for
heart team consultation. Reasons for considering
primary full revascularisation infeasible included the
need for extensive revascularisation, complex lesion

morphology including chronic total occlusions and the
need for heart team consultation.
Treatment based on re-evaluation is reported in figure 2.

Re-evaluation modalities
Among the 116 patients with follow-up evaluation, 100
patients had a new coronary angiogram as part of their
evaluation (figure 3). These 100 patients had a total of
147 non-culprit lesions. This angiographic analysis was
supplemented with evaluation using FFR (41 patients
with 56 lesions), instantaneous wave-free ratio (3 patients
with 4 lesions), intravascular ultrasound (2 patients with
2 lesions) and positron emission tomography (1 patient
with 1 lesion). Subsequent heart team consultation was
used in the evaluation of 21 patients with 37 lesions.
Among these 21 patients, 9 were treated with bypass
surgery, 8 were treated with PCI, while 4 received
optimal medical therapy and no further revascularisa-
tion. The remaining 79 patients with 110 lesions were
treated without heart team consultation based on the
new coronary angiogram supplemented with FFR (36

Figure 1 Patient flow chart. PCI, percutaneous coronary intervention.

Figure 2 Follow-up evaluation results of non-culprit lesions. CABG, coronary artery bypass grafting; PCI, percutaneous

coronary intervention.
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patients), instantaneous wave-free ratio (3 patients) and
intravascular ultrasound (2 patients). Of these, 50
patients were treated with PCI while 29 received optimal
medical therapy and no further revascularisation.
Among the remaining 16 patients with 40 lesions,

re-evaluation was based on baseline coronary angiogram
supplemented with single-photon emission CT and posi-
tron emission tomography in two patients. Heart team
consultation was used in the evaluation of 15 of these 16
patients. Among these 15 patients, 10 were treated with
bypass surgery and 5 received optimal medical therapy
and no further revascularisation. The remaining patient
received optimal medical therapy and no further revas-
cularisation at the discretion of the cardiologist based
on negative myocardial perfusion imaging.

Timing of re-evaluation
Follow-up evaluation (n=116 patients) was performed at
a median of 30 days after the index procedure (25th
centile: 9 days, 75th centile: 35 days). Follow-up during
the index admission (n=29) was performed at a median
of 1 day after the index procedure (25th centile: 1 day,
75th centile: 4 days). In these 29 patients, treatment
decision was based on new coronary angiography
without heart team consultation (9 patients), with heart
team consultation based on index angiography (14
patients) or based on new coronary angiography fol-
lowed by heart team consultation (6 patients). Follow-up
after discharge from the index admission (n=87) was
performed at a median of 32 days after the index

procedure (25th centile: 28 days, 75th centile: 37 days).
Among these 87 patients, 85 had a new coronary angiog-
raphy and 2 were evaluated with myocardial perfusion
scans.
Patients scheduled for bypass surgery (n=19) experi-

enced an additional differentiated waiting time before
final revascularisation with a median 45 days after the
evaluation date (range 5–96 days). Five patients under-
went coronary artery bypass grafting during the index
admission with a median waiting time of 7 days after
re-evaluation (range 5–7 days). Among the remaining 14
patients scheduled for bypass surgery after discharge
from the index admission, bypass surgery was performed
at a median of 60 days after re-evaluation (range 12–
96 days). We observed no adverse cardiac events during
the interval from follow-up evaluation to bypass surgery.
The bypass surgery procedures were either minimally
invasive or open procedures.

DISCUSSION
In this cohort of patients with STEMI, 24% were sched-
uled for re-evaluation of non-culprit lesions. Among
these, 66% needed further revascularisation.
Re-evaluation was individually tailored regarding
methods and timing of re-evaluation. On the basis of
individual assessment, re-evaluation was performed
either during the index admission or after discharge.
None of the non-culprit lesions caused events in the
waiting time for re-evaluation. Staged re-evaluation thus
appears to be a safe approach.

Figure 3 Re-evaluation modalities. CABG, coronary artery bypass grafting; FFR, fractional flow reserve; PCI, percutaneous

coronary intervention.
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Complete revascularisation
In principle, three different revascularisation strategies
for patients with STEMI with multivessel disease exist,
that is, culprit lesion primary PCI only, primary complete
revascularisation with PCI or staged complete revasculari-
sation. Regarding culprit lesion intervention only four
randomised clinical trials have indicated that this strategy
is inferior to complete revascularisation.6–8 15 Thus, the
current data favour complete revascularisation as already
reflected in the guidelines.1–3

The questions that remain to be answered is the
optimal timing and the optimal methodology to guide
complete revascularisation, that is, angiography guided
at the index procedure,6 guided by functional assess-
ment (eg, FFR) at the index procedure or during the
index admission,7 guided by functional assessment
before discharge from index admission15 or during a
subsequent admission guided by myocardial perfusion
imaging, pressure wire measurements or angiography
only.
Our study adds important information to the rando-

mised studies. First, in our real-life data on consecutive
patients with STEMI and an acute angiogram showing
significant multivessel disease, approximately one-third
of patients did not need further revascularisation. If the
decision to revascularise non-culprit lesions were based
on angiographic assessment at the index procedure
only, it seems evident that unnecessary revascularisation
could be performed in some of these patients.11–13

Furthermore, it has been shown that non-culprit lesion
severity can be overestimated in patients with STEMI at
the index procedure,9 which may in turn partly explain
why acute multivessel PCI has been associated with
increased mortality when compared with staged PCI of
non-culprit lesions.4 5 16 A second, staged, intervention,
even with a median waiting time of 30 days for
re-evaluation, appears safe with no events related to non-
culprit lesions during the waiting time. Third, approxi-
mately half of the patients with STEMI with multivessel
disease had lesions that the treating PCI operator did
not find feasible for complete primary revascularisation.
Although this evaluation was subjective, these patients
are unlikely to have been included in randomised
studies comparing complete primary versus complete
staged revascularisation, and our study thus adds quanti-
tative data on the external validity of these previous ran-
domised clinical trials.6–8

Supplemental lesion evaluation
In our study, 34% of patients with STEMI with multives-
sel disease and staged re-evaluation of non-culprit
lesions did not have significant lesions at re-evaluation.
Staged re-evaluation was mainly guided by angiography
alone, FFR or instantaneous wave-free ratio measure-
ments. Our data, combined with data showing that angi-
ography exaggerates non-culprit lesion severity at the
index procedure in patients with STEMI,9 suggest that
additional functional assessment is frequently necessary

to distinguish the significant from the non-significant
non-culprit lesions. The approach is well established in
stable coronary artery disease.11 12 Although acute func-
tional evaluation of non-culprit lesions by FFR is feasible
in patients with STEMI,13 the approach has not become
standard. FFR, however, has been used in the staged
evaluation of non-culprit lesions before discharge.15 As
compared with FFR, evaluation by instantaneous wave-
free ratio is a simpler and faster method to evaluate
lesion severity,17–19 but so far no study has validated its
usefulness for the assessment of non-culprit lesions in
patients with STEMI during the index procedure.
Finally, non-invasive myocardial perfusion imaging
methods can also be used to evaluate the clinical signifi-
cance of non-culprit lesions.

Clinical implications
This study provides real-life data on the management
of non-culprit lesions detected in relation to acute
angiography for STEMI. Our data support that staged
evaluation in accordance with current guideline recom-
mendations is safe, even with a median time to
re-evaluation of 30 days. The approach allows careful
decision-making, heart team evaluation and optimal
planning of the revascularisation strategy. With no events
related to non-culprit lesions in this study, a significant
improvement in safety by complete primary revasculari-
sation may be difficult to obtain, even with supplemental
evaluation methods used during the primary procedure.
However, complete primary revascularisation may be jus-
tified, at least in selected patients, since patient risk and
system costs related to an additional staged procedure
may be reduced. Patient selection for complete primary
revascularisation, staged revascularisation or clinical
follow-up only remains a subject for further research. In
particular, the role of supplemental diagnostic modal-
ities such as intracoronary pressure measurements at the
primary PCI procedure awaits further investigation.
Culprit lesion intervention only, in the presence of

one or more other significant lesions, may be consid-
ered an inappropriate control treatment in future
studies since it appears inferior to complete revasculari-
sation.4–7 15 Our data suggest that staged full revasculari-
sation is safe and, consequently, should be considered as
the relevant control treatment for future randomised
clinical trials focusing on complete primary revasculari-
sation in STEMI.

Limitations
Our study is a single-centre observational study and
provides no information on the differences between
strategies or on the optimal timing of complete revascu-
larisation. Nevertheless, our data strongly support that
staged evaluation, as recommended by guidelines, is a
very safe approach.
Three-quarters of the patients had culprit lesion inter-

vention only. Although the majority had single-vessel
disease, a number of these patients had lesions other
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than the culprit lesions. It must be expected that the
operators in these cases used their clinical judgement to
waive further evaluation of multivessel disease based on
relevant comorbidity or suspected clinical insignificance
of chronic total occlusions or lesions in minor side
branches. We did not evaluate such patients since
further revascularisation was considered undemanding
by the PCI operator.

CONCLUSIONS
Staged re-evaluation of non-culprit lesions observed in
patients with STEMI was required in 24% of a primary
PCI cohort. Intervention was performed in 66% of
patients scheduled for re-evaluation. We observed no
adverse events related to the non-culprit lesions during
the interval for a staged re-evaluation or intervention.
The strategy of staged re-evaluation of non-culprit
lesions after STEMI appears to be safe.
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