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CLINICAL RESEARCH

CORONARY INTERVENTIONS

ST peak during percutaneous coronary intervention serves as
an early prognostic predictor in patients with ST-segment
elevation myocardial infarction
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Abstract

Aims: To evaluate the clinical importance of the ST peak phenomenon during primary percutaneous coro-
nary intervention (PCI) in patients with ST-segment elevation myocardial infarction (STEMI).

Methods and results: Continuous ST monitoring was performed in 942 STEMI patients from arrival until
90 minutes after revascularisation. ST peak was defined as >1 mm increase in the ST-segment during PCI
compared with the ST elevation before intervention. ST peak was observed in 26.9% of patients. During
median follow-up of 4.1 years, 20.7% of patients experienced a major adverse cardiac event (MACE). ST
peak was associated with higher rates of mortality (13.4% versus 9.3%; p=0.044), admission for heart failure
(10.6% versus 5.2%; p=0.002) and MACE (26.9% versus 18.2%; p=0.002), but not reinfarction (7.1% versus
5.2%; p=0.14). In two different Cox regression analyses, adjusting for predictors of MACE and ST peak
including ST resolution and epicardial flow, ST peak remained significantly associated with MACE: adjusted
hazard ratio (HR) 1.40 (95% confidence interval [CI] 1.01-1.95) and 1.41 (95% CI: 1.02-1.96).

Conclusions: In the largest study hitherto evaluating the ST peak phenomenon during primary PCI, we dem-
onstrated that ST peak is a strong predictor of adverse long-term outcome and provides independent prognos-
tic information beyond that provided by ST resolution and epicardial flow.
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Introduction

Patients with ST-segment elevation myocardial infarction (STEMI)
treated with primary percutaneous coronary intervention (PCI)
may, in spite of optimal treatment, still have impaired microvascu-
lar perfusion or reduced epicardial flow and this may lead to adverse
outcomes'?. The myocardial perfusion can be assessed by tradi-
tional ST-segment resolution after the procedure, which is widely
accepted as a prognostic predictor in patients with STEMI treated
with primary PCI*"®. However, this information cannot be used as
guidance for the PCI operator. Thus, with the increasing use of pri-
mary PCI, early recognition of impaired reperfusion during the pro-
cedure is relevant. Despite final ST-segment resolution, patients
treated with primary PCI may transiently experience increased
ST-segment elevation during reperfusion (ST peak). The patho-
physiological explanation for ST peak during primary PCI is
unknown, but might be associated with suboptimal myocardial rep-
erfusion caused by distal embolisation, reduced epicardial flow,
reperfusion injury and microvascular dysfunction. In the era of
thrombolysis, an early increase in the ST segment after medical
treatment appeared to be related to improved clinical outcome and
was thus considered a marker of successful reperfusion'*!”. In con-
trast, an ST peak in patients treated with primary PCI is associated
with larger myocardial damage and impaired left ventricular func-
tion'®. However, in most previous studies, the patients were not
pre-treated with clopidogrel'®'*!3 the ECG acquisition was per-
formed using various and fixed intervals following reperfu-
sion!8192L.33  the patients were restricted to anterior infarct location
or culprit lesion in the left descending artery'®!1°'% to Thrombolysis
In Myocardial Infarction (TIMI) flow 0 or 1'* or to those who did
not achieve complete ST-segment resolution before PCI?. In addi-
tion, clinical data are only available from a small pilot study not
powered to make firm conclusions on long-term clinical outcome
and mortality?’. Therefore, the present study evaluated the clinical
importance of the ST peak phenomenon in patients treated with pri-
mary PCI in a larger cohort of patients with STEMI. Moreover, we
related the ST peak phenomenon to the occurrence of slow coro-
nary blood flow, angiographic visible distal embolisation and
microvascular function assessed by residual ST-segment elevation

and resolution?.

Methods

The patients in this post hoc study were included in three ran-
domised clinical studies: the first compared the effect of distal
protection during primary PCI with conventional PCI (n=626),
the second evaluated mechanical ischaemic post-conditioning
against conventional PCI (n=118), and in the third study patients
were randomised to adjuvant exenatide treatment or placebo in
combination with primary PCI (n=387)%. The present study
encompasses a clinical outcome analysis and a supplementary
angiographic correlation analysis. In the outcome analysis all
patients were included, whereas the angiographic analysis was
restricted to patients who had quantitative coronary angiographic
data available?’.

ST peak and prognosis

STUDY POPULATION AND TREATMENT

Patients were eligible if they were >18 years and presented to the cath-
eterisation laboratory within 12 hours from the onset of a STEMI. An
electrocardiogram (ECG) was obtained either in the ambulance or at
the referring hospital. STEMI was defined as significant ST-segment
elevation measured at the J-point in at least two contiguous leads. The
following ST-segment elevation criteria were used: 1 mm ST-segment
elevation in the limb lead (II, 1II and aVF, I, aVL) and V,-V,, and
2 mm ST-segment elevation in V-V, *. There were small differences
in the inclusion and exclusion criteria among the three studies. In one
study, patients with a total ST-segment elevation of >4 mm in at least
two contiguous electrocardiographic (ECG) leads and without exces-
sive tortuosity or heavy calcification were included?’. In the two other
studies, patients with ST-segment elevation in two contiguous ECG
leads of at least 1 mm in II, III, aVF, I, aVL and V,-V,, or 2 mm in
V-V, were included**. Moreover, in one study only patients with
TIMI flow grade 0 or 1 were included®. Mutual exclusion criteria
were: a history of previous myocardial infarction, culprit lesions in an
unprotected left main coronary artery or a saphenous vein graft, gas-
trointestinal bleeding within one month, pregnancy, known renal fail-
ure, and linguistic problems. Moreover, patients were excluded if
cardiac biomarkers did not confirm the diagnosis in spite of the above-
mentioned ECG changes (aborted STEMI). All patients eligible for
primary PCI were pre-treated with aspirin 300 mg orally or 500 mg
intravenously, clopidogrel 300-600 mg orally, and unfractionated hep-
arin 10,000 units intravenously, usually administered in the pre-hospi-
tal setting or at the referring hospital. On arrival at the catheterisation
laboratory the culprit lesion was identified angiographically, and pri-
mary PCI was performed as previously described”?. Glycoprotein
1Ib/111a receptor antagonists were administered at the discretion of the
operator if no contraindications were present, and balloon dilatation
before stenting was done in all patients. All patients were treated with
clopidogrel 75 mg daily for 12 months and aspirin 75 mg daily indefi-
nitely. All patients were informed orally and in writing, and all gave
their written consent before inclusion in the three randomised studies.
The study was performed according to the Declaration of Helsinki.
The Danish National Committee on Biomedical Research Ethics
approved the protocol for all studies.

QUANTITATIVE CORONARY ANGIOGRAPHY ANALYSIS

Angiographic lesion characteristics were evaluated using the
MEDIS system (Medis medical imaging systems, Leiden, The
Netherlands) by independent core laboratory technicians unaware

of the treatment sequence.

ST PEAK AND RESOLUTION

A continuous 12-lead ST monitoring was initiated at admission and
continued for a minimum of 90 minutes after the primary PCI (LIFEPAK
12; Medtronic Emergency Response Systems, Redmond, WA, USA).
The ECG data were analysed blinded to paraclinical data and clinical
outcome using dedicated computer software (CODE-STAT Suite ver-
sion 6.1; Medtronic Emergency Response Systems). In case of at least
0.1 mm changes in the ST segment for 2.5 minutes the software
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generated a complete 12-lead ECG. The level of ST elevation was
measured automatically by a computer at the J-point + 1/16 of the RR
interval (STM), also used by the LIFEPAK 12 to register ST-segment
deviations. The lead with maximum ST-segment elevation prior to
intervention was used to determine baseline ST-segment elevation
(mm). The same lead was used to evaluate absolute ST-segment eleva-
tion (mm) and achievement of 70% ST-segment resolution at 30, 60 and
90 minutes after wire crossing of the lesion. In the same lead the maxi-
mum ST-segment elevation during the primary PCI procedure (from
first wire crossing to the last angiogram) was registered, and the
ST-segment change during reperfusion was evaluated as the maximum
ST-segment elevation during the procedure minus baseline ST-segment
elevation. An ST peak was defined as an increase in ST-segment eleva-
tion >1 mm lasting >2.5 minutes. The patients were stratified into two
groups according to the presence of significant ST peak. The ST peak
was further analysed for duration and absolute increase as well as the
relative increase. Complete ST-segment resolution before intervention
was defined as no significant ST-segment elevation (<1 or 2 mm
depending on ECG lead) at the time of first wire. Anterior infarction
was defined as maximum ST-segment elevation in lead V. .

CLINICAL STUDY ENDPOINTS

Clinical outcome was assessed as all-cause mortality, cardiac mortality,
admission for heart failure and reinfarction. The primary endpoint of
this study was the composite of major adverse cardiac events (MACE),
defined as death from any cause, reinfarction or hospital admission for
heart failure. Mortality events and reinfarction were registered accord-
ing to previous definitions®. Reinfarction was defined as acute coro-
nary syndrome with a concomitant increase in creatine kinase
myocardial band or troponin T. Admission for heart failure was defined
as hospital admission owing to peripheral or pulmonary oedema
treated with antidiuretics or admission for implantation of a primary
prophylactic implantable cardioverter defibrillator. A reviewer blinded
to all data including ECG data, angiographic measurements and ran-
domisation carefully evaluated all readmissions during the follow-up
period by evaluating all hospital files. This can easily be done in
Denmark owing to all inhabitants having a social security number,
which is used to register any hospital admittances. There was no differ-

ence in the definition of endpoints among the three studies.

STATISTICAL ANALYSIS

All statistical analyses were performed with SPSS software version
20 (IBM Corp., Armonk, NY, USA). A two-sided p-value <0.05
was considered statistically significant. Categorical variables were
compared using chi-square or Fisher’s exact test and continuous
variables using the Student’s t-test or the Mann-Whitney test, as
appropriate. Continuous variables were tested for normality by
histograms. To identify the independent predictors for ST peak,
a logistic regression analysis was performed including any baseline
or angiographic variable with p<0.10. To evaluate the prognostic
importance of ST peak during primary PCI, univariate Cox regres-
sion analyses were performed for all primary and secondary clini-
cal endpoints. To identify the independent predictors for MACE,

multivariate Cox regression analyses were performed and two mod-
els were constructed: model 1 included all variables with a p<0.05
in the univariate analysis and model 2 included any baseline var-
iable with a p<0.10 for the difference between patients with and
without ST peak (Table 1). Due to expected collinearity between

Table 1. Baseline characteristics and outcomes according to ST
peak during reperfusion (n=942).

No ST peak | ST peak
(n=689) | (n=253)

Baseline

Age, yrs 62 +12 63 +12 0.07
Male, % 75 73 0.50
Diabetes mellitus, % 9 12 0.07
Hypertension, % 35 34 0.96
Hypercholesterolaemia, % 33 32 0.77
Previous PCI, % 7 3 0.021
Pre-infarction angina, % 15 15 0.77
Time to treatment, min 210 (150-305)209 (145-303)|  0.74
Anterior infarct, % 36 58 <0.001
Pre-PCI TIMI 0/1 flow, % 70 80 0.002
Multivessel disease, % 30 24 0.07
Post-PCI TIMI 3 flow, % 94 88 <0.001
Stent implantation, % 92 92 0.97
Treatment with glycoprotein IIb/Illa 93 90 0.13
inhibitor, %

Visual thrombus, % 79 83 0.15
Maximum balloon pressure used, mmHg | 16 (14-18) | 16 (14-18) 0.38
Randomised to placebo, % 50 47 0.36
Randomised to distal protection 43 52 0.41
(n=525), %

Randomised to ischaemic post- 47 60 0.20
conditioning (n=114), %

Randomised to exenatide (n=303), % 52 52 0.90

Peak troponin T, pg/| 3.9(1.9-7.2) |7.4(3.7-11.9)| <0.001
2.7(1.5-4.6) | 4.2(2.3-6.5) | <0.001

Maximal ST-segment elevation before

PCI, mm

Achieved complete STR before PCI, % 2 12 <0.001
Duration of ST peak, min - 7(3-12) -
Absolute increase of ST peak, mm - 2.4 (1.6-3.8) -
Relative increase of ST peak, % - 60 (39-107) -

1.0(0.0-2.0) | 2.7 (1.3-4.6) | <0.001

ST elevation after 30 min, mm )
1.0 (0.0-1.6) | 1.9(0.0-3.0) | <0.001
)

ST elevation after 60 min, mm

ST elevation after 90 min, mm 0.0 (0.0-1.4) | 1.5(0.0-2.6) | <0.001
Achieving 70% STR after 30 min, % 44 22 <0.001
Achieving 70% STR after 60 min, % 57 35 <0.001
Achieving 70% STR after 90 min, % 63 45 <0.001

Data are presented as median (IQR) or mean-standard deviation or % unless otherwise
indicated. PCI: percutaneous coronary intervention; ST peak: an increase in the ST-segment
elevation >0.1 mm lasting >2.5 minutes during the PCI compared with the ST-segment
elevation before PCI; STR: ST-segment resolution; TIMI: Thrombolysis In Myocardial Infarction




achievement of 70% ST-segment resolution at 30, 60 and 90 min-
utes, only the time point with the highest %* value in the univari-
ate Cox regression analysis was used in the multivariate models. If
a patient experienced more than one event, the patient was censored
at the time of the first event in the analysis of MACE. The Cox
regression assumptions were checked for each variable by inter-
action, variable*variable (linearity - only continuous variable) and
visually for proportionality.

Results

A total of 1,131 patients with STEMI were randomised in the three
studies. In 151 patients, data (ECG) were missing or the ECG could
not be used for ST peak evaluation (e.g., bundle branch block). In
an additional 38 patients the ECG STEMI criteria were not met or
a myocardial infarction was not confirmed by biomarkers, leaving
a total of 942 patients with STEMI to be included. Of these, a total
of 253 patients (26.9%) fulfilled the criteria for ST peak during rep-
erfusion whereas 689 (73.1%) did not.

Baseline and angiographic characteristics are shown in Table 1.
Diabetes, anterior infarct location and pre-PCI TIMI flow 0/1 were
more frequent among patients with an ST peak (Table 1), post-PCI
TIMI flow 3 and complete ST-segment resolution before interven-
tion were less frequent, and these patients had a higher baseline and
final ST-segment elevation, higher maximal troponin T release and
delayed ST-segment resolution (Table 1). On the other hand, a his-
tory of previous PCI was rare in patients with an ST peak, and mul-

tivessel disease was found less frequently (Table 1).

QUANTITATIVE CORONARY ANGIOGRAPHY

Table 2 shows the quantitative coronary angiography analysis
results available in 523 patients (55.4%). Transient reduced flow
but not angiographic visible distal embolisation at the end of the
procedure differed significantly between the groups (Table 2). In
the multivariate logistic analysis only transient reduced flow, ante-
rior infarct location and baseline ST-segment elevation were inde-
pendent predictors of an ST peak (Table 3).

CLINICAL OUTCOME

A total of 195 patients (20.7%) experienced a MACE during
a median follow-up period of 4.1 years (IQR 2.3-5.8 years). The
Kaplan-Meier survival estimates demonstrated a significantly
higher MACE rate among patients with ST peak than those without
(Figure 1). In the univariate Cox regression analyses, the presence
of an ST peak was also significantly associated with higher rates of
all-cause mortality, admission for heart failure, and MACE
(Figure 2). Insignificant trends were observed for an association
between the occurrence of ST peak and rates of cardiac mortality
and reinfarction (Figure 2). Adjusting for multiple comparisons by
the Bonferroni method, an ST peak remained significantly associ-
ated with MACE (p=0.01) and admission for heart failure (p=0.01).
In both multivariate Cox regression models, ST peak remained sig-
nificantly associated with MACE (Table 4). Achievement of 70%
(complete) ST-segment resolution at 60 minutes (HR 0.61 [95% CI:

ST peak and prognosis

Table 2. Quantitative coronary angiography analysis according to
ST peak during reperfusion (n=523).
No ST peak | ST peak
(n=390) | (n=133)

Length of lesion, mm 20 (16-24) | 18(15-28) 0.34

In-lesion vessel reference diameter
pre-PCl, mm

32(28-3.5) | 3.1(27-34) | 0.17

In-lesion minimum lumen diameter 2.4(2.2-2.8) | 2.3(2.0-2.7) 0.10

post-stent, mm

In-lesion stenosis diameter post-stent, % | 20 (15-29) | 22 (17-30) 0.12

In-lesion vessel reference diameter 3.2(2.7-3.6) | 3.0(2.7-3.5) 0.08

8 mo, mm*

In-lesion minimum lumen diameter 2.2(1.8-2.7) | 2.1(1.6-2.6) 0.11
8 mo, mm*

In-lesion stenosis diameter 8 mo, %* 28 (21-37) | 30(20-40) 0.43
Binary restenosis, %* 12 18 0.14
Bifurcation stenosis, % 7 7 0.94
Transient reduced flow, % 15 33 <0.001
Angiographic visible distal embolisation 9 9 0.93

at end of procedure, %

Data are presented as median (IQR) or % unless otherwise indicated. * n=437.

PCI: percutaneous coronary intervention; ST peak: an increase in the ST-segment elevation
>0.1 mm lasting >2.5 minutes during the PCI compared with the ST-segment elevation
before PCI

0.46-0.81]; p=0.001; }¢>=11.3) was used in the multivariate models
since this variable had a higher > value than those at 30 minutes
(HR 0.61 [95% CI: 0.44-0.84]; p=0.003; %*=9.1) and 90 minutes
(HR 0.82 [95% CI: 0.61-1.09]; p=0.16; x>=1.9). Among patients
with available quantitative coronary angiography analysis (n=523)
an ST peak remained significantly associated with the occurrence
of MACE adjusting for transient reduced flow (adjusted HR 1.50
[95% CI: 1.01-2.23]; p=0.044).

Table 3. Multivariate logistic regression analysis of predictors for
ST peak (n=523).
Multivariate
OR (95% CI) p

Diabetes mellitus 1.38 (0.72-166) 0.25

Previous PCI 0.34 (0.08-1.54) 0.16

Multivessel disease 0.95 (0.61-1.48) 0.50

Anterior infarction 2.62(1.67-4.13) |<0.001

Baseline ST elevation 2.42 (1.08-5.44) 0.032

Complete STR before PCI 1.11 (0.59-2.11) 0.74

Pre-PCI TIMI O/1 flow 0.99 (0.68-1.70) 0.98

Transient reduced flow 2.31(1.39-3.84) 0.001

Post-PCI TIMI 3 flow 0.56 (0.27-1.15) 0.11

Cl: confidence interval; OR: odds ratio; PCI: percutaneous coronary
intervention; ST peak: an increase in the ST-segment elevation >0.1 mm
lasting >2.5 minutes during the PCI compared with the ST-segment
elevation before PCI; STR: ST-segment resolution; TIMI: Thrombolysis In
Myocardial Infarction
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Figure 1. Kaplan-Meier plot showing the difference in MACE
between patients with and without ST peak during primary
percutaneous coronary intervention for patients with ST-segment
elevation myocardial infarction. Statistical comparison by log-rank
test. MACE: major adverse cardiac events (all-cause mortality,
admission for heart failure, reinfarction),; ST peak: an increase in the
ST-segment elevation >0.1 mm lasting >2.5 minutes during the PCI
compared with the ST-segment elevation before PCI

SUBGROUP ANALYSIS

Stratifying patients according to infarct location (anterior and non-
anterior), pre-PCI TIMI flow (0/1 and 2/3), final ST-segment res-
olution or median baseline ST-segment elevation, ST peak and

B ST peak (n=253)
I No ST peak (n=689) p=0.002*

07 26.9

20 18.2
p=0.044*

15 13.4 p=0.002*

10.6 _n14%
93 p=0.08* Pl

1.1
6.3 5.2 5.2

Cumulative event rate (%)
T

Admission for Reinfarction MACE

heart failure

Cardiac
mortality

All-cause
mortality

Figure 2. Columns showing the difference in clinical events between
patients with and without ST peak during primary percutaneous
coronary intervention for patients with ST-segment elevation
myocardial infarction. * Statistical comparison by Cox regression
proportional hazards analysis. MACE: major adverse cardiac events
(all-cause mortality, admission for heart failure, reinfarction);

ST peak: an increase in the ST-segment elevation >0.1 mm lasting
>2.5 minutes during the PCI compared with the ST-segment
elevation before PCI

MACE occurrence were significantly associated, and no inter-
actions were observed (Table 5). Among patients without com-
plete ST-segment resolution before intervention, an ST peak was

Table 4. Univariate and multivariate Cox regression analyses of predictors for MACE (n=942).

Age 1.05 (1.03-1.06) | <0.001 1.03 (1.02-1.05) | <0.001 - -
Hypertension 1.47 (1.10-1.97) 0.007 | 1.25(0.92-1.68) 0.15 - -
Time to treatment 1.01 (1.00-1.02) 0.012 1.00 (1.00-1.02) 0.011 - -
Multivessel disease 1.43 (1.05-1.95) 0.023 1.21 (0.90-1.64) 0.21 1.32 (0.98-1.78) 0.07
Previous PCI 2.13(1.34-3.39) 0.001 2.64 (1.59-4.31) | <0.001 2.51 (1.52-4.16) 0.001
Peak troponin T 1.04 (1.03-1.06) | <0.001 1.03 (1.01-1.05) 0.011 1.04 (1.02-1.06) | <0.001
ST-segment elevation after 60 min 1.11 (1.02-1.21) 0.018 1.00 (0.87-1.12) 0.97 1.05(0.91-1.21) 0.54
Achieved >70% STR after 60 min 0.61 (0.46-0.81) 0.001 0.71 (0.49-1.01) 0.06 0.69 (0.47-1.02) 0.06
Post-PCI TIMI 3 flow 0.59 (0.38-0.90) 0.014 0.97 (0.67-1.78) 0.78 0.94 (0.58-1.53) 0.81
Diabetes mellitus 1.49 (0.97-2.25) 0.06 - - 1.22 (0.79-1.87) 0.38
Anterior infarction 1.21 (0.92-1.58) 0.18 - - 1.28 (0.90-1.82) 0.16
Pre—PCI TIMI 0/1 flow 1.18 (0.78-1.79) 0.36 - - 1.09 (0.74-1.58) 0.68
Achieved complete STR before PCI 0.93 (0.65-1.32) 0.66 - - 0.86 (0.62-1.48) 0.84
Maximum ST elevation before PCI 1.40 (0.88-2.22) 0.15 - - 1.04 (0.49-2.17) 0.95
ST peak 1.59 (1.19-2.14) 0.002 1.40 (1.01-1.95) 0.047 1.41 (1.02-1.96) 0.040
Model 1 includes all baseline variables with p<0.05. The following parameters had p-value >0.05 in the univariate analysis: sex, hypercholesterolaemia,
diabetes mellitus, pre—infarction angina, anterior infarct location, maximal vessel diameter, pre-PCI TIMI flow O/1, post-TIMI flow 3, visible thrombus,
maximal balloon pressure used, treatment with glycoprotein IIb/Illa inhibitors, maximal ST elevation before PCI, achieved complete STR before PCI.
Model 2 includes any baseline variable with a p<0.10 for the difference between patients with and without ST peak (Table 1). Cl: confidence interval;
HR: hazard ratio; MACE: major adverse cardiac events; PCl: percutaneous coronary intervention; ST peak: an increase in the ST-segment elevation
>0.1 mm lasting >2.5 minutes during primary PCl compared with the ST-segment elevation before PCI; STR: ST-segment resolution;

TIMI: Thrombolysis In Myocardial Infarction




Table 5. Subgroup analysis (n

=942).

ST peak to predict MACE
for
HR (85% CI) intepraction
Pre-PCI TIMI flow
0/1 flow (n=685) 1.62 (1.16-2.26) | 0.005 0.68
2/3 flow (n=257) 1.45(0.77-1.73) | 0.25
Achieved complete STR before intervention
No (n=755) 1.63(1.19-2.24) | 0.003 0.20
Yes (n=187) 1.09(0.50-2.35) | 0.97
Median ST-segment elevation before PCI (3.1 mm)
<3.1 (n=468) 1.68 (1.05-2.67) | 0.030 0.99
>3.1 (n=474) 1.54 (1.04-2.28) | 0.033
Infarct location
Anterior (n=395) 1.57(1.04-2.38) | 0.032 0.74
Non-anterior (n=547) 1.59 (1.01-2.49) 0.044
Achieving 70% STR after 60 minutes
No (n=461) 1.40(0.98-2.02) | 0.07 0.63
Yes (n=481) 1.68(0.98-2.85) | 0.06
Study
Distal protection (n=525)% 1.44(0.98-2.11) | 0.06 0.51
Post-conditioning (n=114)? 2.23(0.98-5.07) 0.06
Exenatide (n=303)% 1.59(0.92-2.75) | 0.10
Active or conventional treatment
Conventional PCI (n=463) 1.51(1.00-2.28) | 0.049 0.62
Active treatment (n=479)* 1.66 (1.09-2.54) | 0.020
* Distal protection, mechanical ischaemic post-conditioning, or adjuvant exenatide before
reperfusion. Cl: confidence interval; HR: hazard ratio; MACE: major adverse cardiac events;
PCI: percutaneous coronary intervention; ST peak: an increase in the ST-segment elevation
>0.1 mm lasting >2.5 minutes during primary PCI compared with the ST-segment elevation
before PCI; STR: ST-segment resolution; TIMI: Thrombolysis In Myocardial Infarction

a significant predictor of MACE, whereas ST peak seemed to be
a weaker predictor in patients with complete ST-segment resolu-
tion before intervention (Table 5). In a separate analysis of patients
treated with conventional PCI alone (patients randomised to pla-
cebo in all three studies), ST peak was also a predictor for MACE
(Table 5) with highly overlapping confidence intervals, and no
interaction was observed. Among the 253 patients with an ST
peak, neither the absolute ST-segment increase (p=0.51), the rela-
tive ST-segment increase (p=0.67) nor the duration of the ST peak
(p=0.34) was related to MACE in Cox regression analyses.

Discussion

The ST peak phenomenon was observed in approximately 27% of
the STEMI patients treated with primary PCI. The main findings of
this retrospective post hoc study were: 1) ST peak is an independent
predictor for adverse clinical outcome in STEMI patients; 2) ST
peak provides prognostic information beyond that provided by final
ST-segment resolution, transient reduced flow, epicardial TIMI
flow and infarct territory; 3) the prognostic value of an ST peak
seems to rely on the mere presence of an ST-segment increase but

ST peak and prognosis

not on the duration and the magnitude of the increase; 4) ST peak
was associated with delayed ST-segment resolution and suggested
impaired microvascular perfusion. Thus, these findings support
continuous ECG monitoring during primary PCI as an easy and val-
uable tool for risk assessment in the acute phase. Moreover, the ST
peak phenomenon may be a target for future treatments adjuvant to
primary PCI, but whether it is modifiable remains unknown.

ST PEAK AS PROGNOSTIC PREDICTOR

As mentioned, traditional ST-segment resolution is widely accepted
as a prognostic predictor in patients with STEMI treated with pri-
mary PCI®!3, but it is evaluated after the procedure and is therefore
of limited guidance for the PCI operator. There are also other impor-
tant risk factors in STEMI patients; however, many of these are
either present before the onset of infarction (e.g., age, hypertension
and previous PCI) or evaluated after the PCI procedure (e.g., peak
troponin T, left ventricular volume and function, infarct size and
ST-segment resolution). In contrast, assessment of ECG changes
during the procedure may help to risk stratify the patients immedi-
ately, while still in the catheterisation laboratory, and may serve as
an earlier predictor than traditional ST-segment resolution and other
more traditional risk factors. Since ST peak is a phenomenon occur-
ring during the procedure, it has the potential to serve as a guide for
the PCI operator. Thus, the main advantage of ST peak over other
important risk factors in STEMI patients is the timing. In a previ-
ous study of 21 patients with anterior STEMI, an ST peak during
perfusion with PCI was related to development of in-hospital heart
failure'®. In that study, patients were pre-treated with aspirin and
heparin but no supplementary antiplatelet regimen was administered
that has otherwise been shown to improve myocardial perfusion®.
The newer antiplatelet drugs do not lead to any further improvement
in myocardial perfusion compared with clopidogrel**. A small pilot
study performed by our institute indicated that the occurrence of an
ST peak during primary PCI was related to an increase in cardiac
events in patients pre-treated with aspirin, heparin and clopidogrel®.
However, that study was not powered to draw firm conclusions in
terms of clinical outcome. Pooling patients from that study with
a previously published study with available ST peak data” led to
this cohort probably being the largest hitherto for evaluation of the
clinical importance of ST peak. The present study strengthens ST
peak as a strong predictor for MACE in patients treated with pri-
mary PCI, but also for mortality and for the development of heart
failure per se. Moreover, the sample size of the present study allows
for evaluation of important subgroups. In this study, several baseline
variables were related to either a higher or a lower occurrence of
ST peak and may explain its prognostic value. However, even after
adjustment for these variables and analyses of subgroups, ST peak
occurrence remained significantly associated with the MACE rate,
rendering ST peak occurrence an independent prognostic marker. In
addition, many of these variables were not per se associated with
MACE in this STEMI cohort, and variables such as previous PCI
and multivessel disease were related to MACE, but less frequently
observed in patients with ST peak.
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PATHOPHYSIOLOGY OF ST PEAK

Since ST peak occurs concomitantly with reperfusion it is also referred
to as the reperfusion syndrome'®. Data from the present study showed
that reduced epicardial coronary flow might partly explain this phe-
nomenon, which is in accordance with a previous study showing that
ST peak is associated with a transient reduction in the coronary blood
flow's. However, ST peak occurs in 67% without transient reduced
epicardial blood flow and 88% with final TIMI 3 flow, leaving room
for alternative explanations such as reduced microvascular perfusion
and reperfusion injury. Whereas ST peak seems to be related to
impaired microvascular perfusion as indicated by final ST-resolution
data in this study, it seems difficult to evaluate the association between
ST peak and reperfusion injury. However, since reperfusion injury
occurs during reperfusion, this could indicate that the ST peak phe-
nomenon is also a marker of reperfusion injury. Moreover, the prog-
nostic value of ST peak was not dependent on a reduced epicardial
coronary flow, indicating that ST peak is to some extent related to
myocardial damage at the cellular level (reperfusion injury). However,
more data are necessary to evaluate this hypothesis.

The definition of 1 mm or more of additional ST-segment eleva-
tion has inherent bias since the same threshold was applied to all
myocardial territories (anterior versus non-anterior). Therefore, it is
not surprising that anterior myocardial infarction is an independent
predictor of ST peak, but this definition was chosen since 1 mm is
considered significant.

Limitations

Patients in the present study were pooled from three randomised
studies evaluating different treatments and with small differences in
the inclusion and exclusion criteria, which could have affected the
results. Still, in both subgroups treated with either conventional PCI
or active treatment, ST peak was associated with clinical outcome
and no interaction was observed. There was no difference when the
patients were stratified according to the three studies with no hetero-
geneity between studies. Therefore, inclusion of patients randomised
to active treatment from three different studies did not affect the
overall results and conclusions, and ST peak during primary PCI
seems to be a robust predictor independent of reperfusion strategy
by PCI. Angiographic lesion characteristics evaluated by independ-
ent core laboratory technicians were only available from one of the
three studies. However, since these data were acquired from con-
secutively treated patients, it is unlikely that conclusions based upon
these data were affected by selection bias. Myocardial blush grade,
a predictor of myocardial perfusion and clinical outcome?>, was not
available, but microvascular dysfunction was assessed by final
ST-segment elevation and resolution, which is known to be highly
associated with myocardial blush grade®. ST-segment resolution is
also considered a stronger predictor of microvascular obstruction
than myocardial blush grade*. Thus, since ST-segment resolution
was used in the present study, it is questionable whether data regard-
ing myocardial blush would have changed the results and conclu-
sions of the present paper. The association between myocardial
blush grade and ST peak needs to be assessed in future studies.

A further limitation was the low prognostic value of pre-PCI TIMI
0/1 flow and anterior infarct location in this STEMI cohort. The low
prognostic value of pre-TIMI flow might be due to patients with
aborted STEMI being excluded, whereas the authors have no expla-
nation for the low prognostic value of anterior infarct location, but
this could be the cause of a type I error. The low prognostic value of
achievement of 70% ST-segment resolution after 90 minutes in this
study is in accordance with previous findings in patients treated with
primary PCI'"''2. Owing to the many statistical comparisons, some
significant differences may have been observed by chance, leading
to a risk of type II errors. However, even after adjustment for multi-
ple comparisons, ST peak was still significantly associated with the
primary endpoint MACE.

Conclusion

In the largest study hitherto evaluating the ST peak phenomenon
during primary PCI, we demonstrated that ST peak is a strong pre-
dictor of adverse long-term outcome and provides independent
prognostic information beyond that provided by final ST-segment
resolution and epicardial flow.

Impact on daily practice

Approximately one-third of STEMI patients treated with primary
PCI experience a secondary ST-segment elevation (ST peak) dur-
ing reperfusion. This phenomenon is related to poorer myocar-
dial reperfusion and is an independent predictor for impaired
prognosis. Thus, in daily practice, continuous ECG monitoring
during primary PCI and assessment of ST peak is an easy and
valuable tool for immediate risk assessment of these patients.

Funding
Financial support was obtained from the Danish Heart Foundation
and Rigshospitalet Research Foundation.

Conflict of interest statement

The authors have no conflicts of interest to declare.

References

1. Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M,
Byrne RA, Pache J, Alger P, Mehilli J, Schomig A, Kastrati A.
S-year prognostic value of no-reflow phenomenon after percutane-
ous coronary intervention in patients with acute myocardial infarc-
tion. J Am Coll Cardiol. 2010;55:2383-9.

2. Tanaka A, Kawarabayashi T, Nishibori Y, Sano T, Nishida Y,
Fukuda D, Shimada K, Yoshikawa J. No-reflow phenomenon and
lesion morphology in patients with acute myocardial infarction.
Circulation. 2002;105:2148-52.

3. van ‘t Hof AW, Liem A, Suryapranata H, Hoorntje JC, de
Boer MJ, Zijlstra F. Angiographic assessment of myocardial rep-
erfusion in patients treated with primary angioplasty for acute
myocardial infarction: myocardial blush grade. Zwolle Myocardial
Infarction Study Group. Circulation. 1998;97:2302-6.



4. Ndrepepa G, Mehilli J, Schulz S, lijima R, Keta D, Byrne RA,
Pache J, Seyfarth M, Schomig A, Kastrati A. Prognostic signifi-
cance of epicardial blood flow before and after percutaneous coro-
nary intervention in patients with acute coronary syndromes. J Am
Coll Cardiol. 2008;52:512-7.

5. Henriques JP, Zijlstra F, van ‘t Hof AW, de Boer MJ,
Dambrink JH, Gosselink M, Hoorntje JC, Suryapranata H. Angio-
graphic assessment of reperfusion in acute myocardial infarction by
myocardial blush grade. Circulation. 2003;107:2115-9.

6. Brodie BR, Stuckey TD, Hansen C, VerSteeg DS, Muncy DB,
Moore S, Gupta N, Downey WE. Relation between electrocardio-
graphic ST-segment resolution and early and late outcomes after
primary percutaneous coronary intervention for acute myocardial
infarction. Am J Cardiol. 2005;95:343-8.

7. Buller CE, Fu Y, Mahaffey KW, Todaro TG, Adams P,
Westerhout CM, White HD, van ‘t Hof AW, Van de Werf FJ,
Wagner GS, Granger CB, Armstrong PW. ST-segment recovery and
outcome after primary percutaneous coronary intervention for
ST-elevation myocardial infarction: insights from the Assessment
of Pexelizumab in Acute Myocardial Infarction (APEX-AMI) trial.
Circulation. 2008;118:1335-46.

8. Claeys MJ, Bosmans J, Veenstra L, Jorens P, De Raedt H,
Vrints CJ. Determinants and prognostic implications of persistent
ST-segment elevation after primary angioplasty for acute myocar-
dial infarction: importance of microvascular reperfusion injury on
clinical outcome. Circulation. 1999;99:1972-7.

9. Matetzky S, Novikov M, Gruberg L, Freimark D, Feinberg M,
Elian D, Novikov I, Di Segni E, Agranat O, Har-Zahav Y,
Rabinowitz B, Kaplinsky E, Hod H. The significance of persistent
ST elevation versus early resolution of ST segment elevation after
primary PTCA. J Am Coll Cardiol. 1999;34:1932-8.

10. McLaughlin MG, Stone GW, Aymong E, Gardner G, Mehran R,
Lansky AJ, Grines CL, Tcheng JE, Cox DA, Stuckey T, Garcia E,
Guagliumi G, Turco M, Josephson ME, Zimetbaum P. Prognostic
utility of comparative methods for assessment of ST-segment resolu-
tion after primary angioplasty for acute myocardial infarction: the
Controlled Abciximab and Device Investigation to Lower Late
Angioplasty Complications (CADILLAC) trial. J Am Coll Cardiol.
2004;44:1215-23.

11. Ndrepepa G, Alger P, Kufner S, Mehilli J, Schomig A,
Kastrati A. ST-segment resolution after primary percutaneous coro-
nary intervention in patients with acute ST-segment elevation myo-
cardial infarction. Cardiol J. 2012;19:61-9.

12. Sejersten M, Valeur N, Grande P, Nielsen TT,
Clemmensen P. Long-term prognostic value of ST-segment
resolution in patients treated with fibrinolysis or primary per-
cutaneous coronary intervention results from the DANAMI-2
(DAN:ish trial in acute myocardial infarction-2). J Am Coll
Cardiol. 2009;54:1763-9.

13. van ‘t Hof AW, Liem A, de Boer MJ, Zijlstra F. Clinical value
of 12-lead electrocardiogram after successful reperfusion therapy
for acute myocardial infarction. Zwolle Myocardial infarction
Study Group. Lancet. 1997;350:615-9.

ST peak and prognosis

14. Figueras J, Cortadellas J. Further elevation of the ST segment
during the first hour of thrombolysis. A possible early marker of
reperfusion. Eur Heart J. 1995;16:1807-13.

15. Nilsson JB, Jensen S, Ottander P, Naslund U. The electrocar-
diographic reperfusion peak in patients with ST-elevation myocar-
dial infarction. Scand Cardiovasc J. 2007;41:25-31.

16. Shechter M, Rabinowitz B, Beker B, Motro M, Barbash G,
Kaplinsky E, Hod H. Additional ST segment elevation during the
first hour of thrombolytic therapy: an electrocardiographic sign
predicting a favorable clinical outcome. J Am Coll Cardiol.
1992;20:1460-4.

17. Wehrens XH, Doevendans PA, Ophuis TJ, Wellens HJ.
A comparison of electrocardiographic changes during reperfusion
of acute myocardial infarction by thrombolysis or percutaneous
transluminal coronary angioplasty. Am Heart J. 2000;139:430-6.

18. Feldman LJ, Himbert D, Juliard JM, Karrillon GJ,
Benamer H, Aubry P, Boudvillain O, Seknadji P, Faraggi M, Steg G.
Reperfusion syndrome: relationship of coronary blood flow reserve
to left ventricular function and infarct size. J Am Coll Cardiol.
2000;35:1162-9.

19. Kobayashi N, Ohmura N, Nakada I, Yasu T, Iwanaka H,
Kubo N, Katsuki T, Fujii M, Yaginuma T, Saito M. Further ST ele-
vation at reperfusion by direct percutaneous transluminal coronary
angioplasty predicts poor recovery of left ventricular systolic func-
tion in anterior wall AMI. Am J Cardiol. 1997;79:862-6.

20. Lenborg J, Kelbeek H, Holmvang L, Vejlstrup N, Jergensen E,
Helqvist S, Saunamaki K, Dridi NP, Ahtarovski KA, Terkelsen CJ,
Botker HE, Kim WY, Treiman M, Clemmensen P, Engstrom T. ST
peak during primary percutaneous coronary intervention predicts
final infarct size, left ventricular function, and clinical outcome.
J Electrocardiol. 2012;45:708-16.

21. Miida T, Oda H, Toeda T, Higuma N. Additional ST-segment
elevation immediately after reperfusion and its effect on myocardial
salvage in anterior wall acute myocardial infarction. Am J Cardiol.
1994;73:851-5.

22. Nilsson JB, Eriksson A, Naslund U. Transient Increase in
ST-segment Changes at Time of Reperfusion in Acute Myocardial
Infarction Treated by Coronary Angioplasty. J Invasive Cardiol.
1998;10:246-50.

23. Ochiai M, Isshiki T, Takeshita S, Oshima A, Toyoizumi H,
Kondo K, Sato T, Miyashita H. Relation of duration of ST reel-
evation at reperfusion and improvement of left ventricular function
after successful primary angioplasty of the left anterior descending
coronary artery in anterior wall acute myocardial infarction. Am J
Cardiol. 1997;79:1667-70.

24. Terkelsen CJ, Kaltoft AK, Norgaard BL, Bottcher M,
LassenJF, Clausen K, Nielsen SS, Thuesen L, Nielsen TT, Botker HE,
Andersen HR. ST changes before and during primary percutaneous
coronary intervention predict final infarct size in patients with ST
elevation myocardial infarction. J Electrocardiol. 2009;42:64-72.

25. Terkelsen CJ, Norgaard BL, Lassen JF, Poulsen SH,
Gerdes JC, Sloth E, Gotzsche LB, Romer FK, Thuesen L,
Nielsen TT, Andersen HR. Potential significance of spontaneous

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
%
—
=
S
[=2]
G
H
~
H




m
=
=
o
=
=3
(1]
=
(1]
=
=
o
=
N
o
—
-
—
=
i
[=2]
P
H
~
H

and interventional ST-changes in patients transferred for primary
percutaneous coronary intervention: observations from the
ST-MONitoring in Acute Myocardial Infarction study (The
MONAMI study). Eur Heart J. 2006;27:267-75.

26. Nijveldt R, van der Vleuten PA, Hirsch A, Beek AM, Tio RA,
Tijssen JG, Piek JJ, van Rossum AC, Zijlstra F. Early electrocardio-
graphic findings and MR imaging-verified microvascular injury
and myocardial infarct size. JACC Cardiovasc Imaging. 2009;2:
1187-94.

27. Kelbak H, Terkelsen CJ, Helqvist S, Lassen JF, Clemmensen P,
Klevgaard L, Kaltoft A, Engstrom T, Betker HE, Saunamaki K,
Krusell LR, Jorgensen E, Hansen HH, Christiansen EH, Ravkilde J,
Keber L, Kofoed KF, Thuesen L. Randomized comparison of dis-
tal protection versus conventional treatment in primary percutane-
ous coronary intervention: the drug elution and distal protection
in ST-elevation myocardial infarction (DEDICATION) trial. J Am
Coll Cardiol. 2008;51:899-905.

28. Lenborg J, Kelbek H, Vejlstrup N, Jergensen E, Helqvist S,
Saunamaki K, Clemmensen P, Holmvang L, Treiman M, Jensen JS,
Engstrom T. Cardioprotective effects of ischemic postconditioning
in patients treated with primary percutaneous coronary interven-
tion, evaluated by magnetic resonance. Circ Cardiovasc Interv.
2010;3:34-41.

29. Lenborg J, Vejlstrup N, Kelbek H, Botker HE, Kim WY,
Mathiasen AB, Jorgensen E, Helqvist S, Saunamaki K,
Clemmensen P, Holmvang L, Thuesen L, Krusell LR, Jensen JS,
Keber L, Treiman M, Holst JJ, Engstrom T. Exenatide reduces

reperfusion injury in patients with ST-segment elevation myocar-
dial infarction. Eur Heart J. 2012;33:1491-9.

30. Myocardial infarction redefined--a consensus document of
The Joint European Society of Cardiology/American College of
Cardiology Committee for the redefinition of myocardial infarc-
tion. Eur Heart J. 2000;21:1502-13.

31. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van
Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E,
Lansky A, Hamon M, Krucoff MW, Serruys PW. Clinical end points
in coronary stent trials: a case for standardized definitions.
Circulation. 2007;115:2344-51.

32. Lev EI, Kornowski R, Vaknin-Assa H, Brosh D, Fuchs S,
Battler A, Assali A. Effect of clopidogrel pretreatment on angio-
graphic and clinical outcomes in patients undergoing primary per-
cutaneous coronary intervention for ST-elevation acute myocardial
infarction. Am J Cardiol. 2008;101:435-9.

33. Armstrong PW, Siha H, Fu Y, Westerhout CM, Steg PG,
James SK, Storey RF, Horrow J, Katus H, Clemmensen P,
Harrington RA, Wallentin L. ST-elevation acute coronary syndromes
in the Platelet Inhibition and Patient Outcomes (PLATO) trial:
insights from the ECG substudy. Circulation. 2012;125:514-21.

34. Nijveldt R, Beek AM, Hirsch A, Stoel MG, Hofman MB,
Umans VA, Algra PR, Twisk JW, van Rossum AC. Functional
recovery after acute myocardial infarction: comparison between
angiography, electrocardiography, and cardiovascular magnetic
resonance measures of microvascular injury. J Am Coll Cardiol.
2008;52: 181-9.



