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Primary percutaneous coronary intervention is appropriate
in transient ST-elevation myocardial infarction

Lumir Koc¢, Monika Mikolaskova*¢, Tomas Novotny>¢, Jiri Parenica*¢, Jan Kanovsky*¢, Tomas Ondrus*<, Maria Holicka*¢,
Martin Poloczek, Jiri Jarkovsky®<, Marek Malik<¢, Petr Kala>*

Introduction. Reperfusion therapy by primary percutaneous coronary intervention (PPCI) is generally indicated in
patients suffering from acute myocardial infarction (MI) with ST-segment elevation (STEMI). Prior to hospital admission,
full ST-segment resolution (fSTR) may occur. Optimal management of such patients with transient STEMI (TSTEMI) is
potentially challenging. Our aim was to evaluate the hypothesis that in TSTEMI patients, patency of infarct related artery
(IRA) is achieved before PPCl, and to compare the outcome of TSTEMI and STEMI patients during a prolonged follow-up.
Material and Methods. Three hundred consecutive adult STEMI patients were referred to catheterization laboratory.
In all patients, standard 12 lead ECGs were obtained both at the time of the first medical contact, and on catheteriza-
tion laboratory admission.

Results. TSTEMI occurred in 20 patients (6.7%). Despite fSTR (isoelectric ST segment), occluded IRA was found in 5 of
these patients (25%). Pre-PPCI TIMI flow grade 2 was found in 6 TSTEMI patients (30%). Troponin T value at 24 h after
symptom onset was lower in the TSTEMI group (1.8+2.5 mg/L vs. 3.6£3.5 mg/L, P=0.008). These patients also had a lower
value of brain natriuretic peptide (156.3+119.5 ng/L vs. 438.5+429.0 ng/L, P<0.001) and higher left ventricular ejection
fraction (59.9£6.3% vs. 51.6+£10.2%, P<0.001). All patients were followed for a median of 5.6 years during which the
overall survival did not differ between the TSTEMI and STEMI groups.

Conclusion. Primary PCl is strongly recommended in TSTEMI patients because of a relatively high incidence of occluded
infarct related arteries. The rate of patients with TSTEMI is relatively low.
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INTRODUCTION of TSTEMI patients has not been established and there
are speculations on the benefit-risk ratio of PPCI in these

The initial field diagnosis of acute myocardial in- patients.
farction (AMI) is based on the presence of ischemia The aim of our study was to evaluate the hypothesis that
symptoms combined with representative ECG changes!.  in TSTEMI patients, patency of infarct related artery (IRA)
Patients with ST-segment elevations AMI (STEMI) are  and full restoration of coronary blood flow is achieved be-
well known to benefit from early reperfusion therapy. fore PPCI. We also compared the outcome of STEMI and
Whenever available, emergent primary percutaneous coro- TSTEMI patients during a prolonged follow-up.
nary intervention (PPCI) is superior to thrombolysis. It
leads to optimal coronary flow restoration??, reduces myo-
cardial necrosis*, lowers in-hospital mortality’, decreases ~MATERIAL AND METHODS
the reinfarction risk®, and improves prognosis®”®,

The ST segment elevation is a valuable indicator of on- Between December 2012 and April 2015, the study
going myocardial ischemia’. The absence of ST segment  prospectively enrolled 300 consecutive STEMI patients
resolution has repeatedly been associated with greater ex- (107 females) fulfilling the criteria for PPCI according
tent of myocardial damage, higher re-infarction rates, and  to the present guidelines'. Shortly after enrolment, one
increased mortality!®!®. However, during the transportto  male patient withdrew his consent. Thus, 299 patients
catheterization laboratory, full resolution of ST-segment  constituted the study population. The study protocol was
(fSTR) up to the isoelectric line may occur prior to PPCI  approved by the local Ethics Committee and all patients
initiation. For this condition, the term transient STEMI  gave signed informed consent according to the Helsinki
(TSTEMI) has been proposed*. The optimal management  Declaration.
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After the field diagnosis of STEMI, all patients were
transported directly to the catheterization laboratory for
PPCI. Patients were excluded if in cardiogenic shock, if
unconscious on hospital admission, or if unable or unwill-
ing to provide signed informed consent. The initial ECGs
were obtained either in the ambulance or at the referring
hospital. Subsequent ECGs were obtained immediately
on arrival to the catheterization laboratory shortly before
PPCI procedures were initiated.

The STEMI was considered transient if no residual
ST-elevations were present on admission to the catheter-
ization laboratory. All ECGs were analysed by two inde-
pendent cardiologists blinded to clinical characteristics
and endpoints. In the rare cases of disagreement, a third
senior cardiologist provided the final ECG diagnosis.

The unfractionated heparin, acetylsalicylic acid,
and intravenous opioids were administered by the first
medical contact immediately after the STEMI diagnosis.
Inhibitors of ADP receptors P2Y , were administered dur-
ing catheterization. At the discretion of the operators and
according to the guidelines®, glycoprotein IIb/II1a inhibi-
tors were used as a bailout therapy during catheterization.

The coronary flow in the infarct related artery (IRA)
was classified by the operator according to the TIMI clas-
sification'® both before and after PPCI. Prior to PPCI,
IRA was classified as occluded and patent if with TIMI
flow grade 0/1 and 2/3, respectively. Successful revascu-
larisation was defined as a TIMI flow 2/3 after PPCI and
the absence of no-reflow phenomenon.

The time to reperfusion therapy was defined as the
time-interval between symptom onset and the wire pas-
sage in the culprit artery. MI localization was classified
as anterior and inferior if ST elevations predominantly
occurred in leads VI-V4 and in leads II, III, aVF, respec-
tively. “Other” MI localization was considered with ST
elevations predominantly in leads I, aVL and/or V,, V, or
with isolated ST depressions in leads V -V,

The extent of myocardial infarction was identified ac-
cording to the serum levels of troponin T, brain natriuretic
peptide (BNP) and the left ventricular ejection fraction
(LVEF). Troponin T and BNP was analysed 24 hours after
chest pain onset and assessed using high sensitivity meth-
od of electric chemiluminescent microparticle immunoas-
say Cobas 8000 (Roche Diagnostics). BNP was assessed
using chemiluminescent microparticle immunoassay test,
analysator Architect 11000, (Abbot Diagnostics). LVEF
was assessed by transthoracic echocardiography (Vivid 7,
General Electric Healthcare) using Simpson’s formula 3
to 5 days after the index MI. The presence of heart failure
during the acute phase of MI was defined according to
Killip class classification'’.

The primary study goal was to determine whether
the TSTEMI patients present with full IRA patency. The
secondary goal was to compare the extent of myocardial
infarction in TSTEMI and STEMI patients as based on
biomarkers and LVEF, and to compare the long-term sur-
vival of TSTEMI and STEMI patients. As an exploratory
analysis, the survival of patients with pre-PPCI TIMI flow
grade 3 was compared with the survival of others. All-
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cause mortality data were retrieved from a Nation-wide
health insurance registry.

Continuous and categorical variables are presented as
means * standard deviation and as absolute and relative
frequencies. Group differences between categorical vari-
ables were evaluated by Fisher’s exact test. Continuous
variables were compared by two-sample t-tests. All-cause
mortality comparisons were displayed using Kaplan-Meier
survival curves and compared using the log-rank test. P
levels <0.05 were considered statistically significant. The
statistical analyses were performed using SPSS package
(IBM, Armonk, New York, USA) version 25.

RESULTS

TSTEMI occurred in 20 patients (6.7%). Clinical
characteristics of patients with TSTEMI and STEMI are
summarized in Table 1. TSTEMI patients were younger
but other main clinical characteristics were not different
between groups. There were also no group differences in
pre-admission antithrombotic therapy and during cath-
eterization. Likewise, time delays to revascularization did
not differ.

Importantly, despite isoelectric ST segment, occluded
IRA was found in 5 (25%) of the TSTEMI patients and
pre-PPCI TIMI flow grade 2 was observed in 6 others
(30%). Hence, prior to PPCI intervention, only 45% of
the TSTEMI patients showed complete coronary flow
restoration.

The PPCI was successful in most patients. The pre-
PPCI TIMI flow grades of 0, 1, 2, and 3 were noted in
156, 27, 67, and 49 patients, respectively. After PPCI,
these counts changed to 3, 0, 20, and 276, respectively. All
TSTEMI patients had a TIMI flow grade 3 after the PPCI.

Lower serum levels of Troponin T and of BNP indi-
cated lesser extent of myocardial necrosis in TSTEMI pa-
tients who also had higher LVEF values. The occurrence
of heart failure did not differ between study groups. The
overall survival over a median of 5.6 years was not statis-
tically different between TSTEMI and STEMI patients
(Fig. 1). However, there was a near significant trend to
lower mortality in patients with pre-PPCI TIMI flow grade
3 compared to others (Fig. 2).

DISCUSSION

In our study, TSTEMI occurred in 6.7% of patients
but only a minority of these patients showed complete
restoration of coronary flow prior to PPCI intervention.

STEMI-related myocardial ischemia is usually caused
by atherosclerotic plaque rupture, subsequent thrombus
formation and IRA occlusion'®. Administration of anti-
thrombotic therapy and endogenous regulatory mecha-
nisms of the endothelium may consequently result in
thrombus degradation, restoration of the IRA flow. Relief
of myocardial ischemia results in fSTR and in TSTEMI
presentation.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Jun; 166(2):180-186.

Table 1. Comparison of clinical characteristics of TSTEMI and STEMI patients.

Parameter TSTEMI STEMI P
___________________________________________________________ (n=20) (n=279)
Male 15 (75.0%) 177 (63.4%) 0.344
Age[years] 56.5+11.2 63.2 £12.0 0.021
BMI [kg/m?] 29.9 £ 3.7 28.4+4.6 0.103
_Admission serum creatinine [umol/L | 86.9 = 171 821%252 0.254
History of

Myocardial infarction 1(5.0%) 27 (9.7%) 0.706
Hypertension 11 (55.0%) 167 (59.9%) 0.814
Hypercholesterolemia 15 (75.0%) 152 (54.5%) 0.102
Diabetes mellitus 2 (10.0%) 64 (22.9%) 0.265
Stroke 0(0.0%) 12 (4.3%) 0.999
Smoking 9 (45.0%) 127 (45.5%) 0.999
Previous medication with

Aspirin 1(5.0%) 43 (15.4%) 0.328
Clopidogrel 1(5.0%) 6(2.2%) 0.387
B-blockers 3 (15.0%) 67 (24.0%) 0.584
ACE/AT2 9 (45.0%) 120 (43.0%) 0.999
Statins 4 (20.0%) 50 (17.9%) 0.767
Antithrombotic treatment before catheterization

Heparin 20 (100.0%) 270 (96.8%) 0.999
Aspirin 20 (100.0%) 258 (92.5%) 0.378
Antithrombotic treatment during catheterization

Clopidogrel 5(25.0%) 74 (26.5%) 0.999
Prasugrel 8 (40.0%) 117 (41.9%) 0.999
Ticagrelor 7 (35.0%) 58 (20.8%) 0.160
IIb/Iainhibitors 5.(25.0%) 101 (36.2%) 0.347
MI localization

Anterior 5(25.0%) 125 (44.8%) 0.101
Inferior 13 (65.0%) 134 (48.0%) 0.131
Other 2 (10.0%) 20 (7.2%) 0.634
Infarct related artery

LAD/LM 5(25.0%) 128 (45.9%) 0.104
LCx 6 (30.0%) 46 (16.5%) 0.168
rRCA 9 (45.0%) 105 (37.6%) 0.649
Acute heart failure

No (Killip I) 17 (85.0%) 243 (87.7%) 0.724
Yes (Killip II+I1II) 3 (15.0%) 34 (12.3%)
PrePPCI TIMI flow

0+1 5(25%) 178 (64.0%) 0.001
2«3 15 (75%) 101 (36.0%)

Post-PPCI TIMI flow

0+1 0 (0.0%) 3(1.1%) 0.999
2«3 17 (100.0%) 272 (98.9%)

BNP [ng/L] 156.3 £ 119.5 438.5+429.0 <0.001
Troponin T max. [mg/L] 1.8+£2.5 3.6£3.5 0.008
LVEF [%] 59.9+6.3 51.6 £ 10.2 <0.001
Time to reperfusion therapy [min] 284.0 +195.0 2949 +242.8 0.848

BMI, Body Mass Index; ACE, angiotensin-converting enzyme inhibitor; AT2, angiotensin II blocker; LAD, Left anterior descending artery; LCx,
Left circumflex artery; RCA, Right coronary artery; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction
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Fig. 1. Kaplan-Meier analysis of probabilities of death in TSTEMI (red line) and STEMI (blue
line) patients. Crosses of the survival curves indicate censored cases.
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Fig. 2. Kaplan-Meier analysis of probabilities of death in patients with a pre-PPCI TIMI flow grade
0, 1, and 2 (red line) and those with pre-PPCI TIMI flow grade 3 (blue line). Crosses of the survival
curves indicate censored cases.
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The ST segment elevation is a valuable indicator of
ongoing myocardial ischemia and a prognostic marker’.
In the thrombolysis era studies, resolution of the ST seg-
ment elevation above 70% was defined as a complete, and
this finding was associated with IRA patency due to the
drug-induced or spontaneous reperfusion'"". In patients
with complete resolution of ST-segment elevation, there
were minor infarct size, higher LVEF and lower mortality
compared to patients with only partial or no ST-segment
resolution. Moreover, absence of ST-segment resolution
was the most powerful independent predictor of early
post-MI mortality'.

In the contemporary PPCI era, an early resolution of
ST segment in STEMI patients is still a positive prognos-
tic marker. Patients with complete ST resolution (¢cSTR)
prior to PPCI defined as >70% ST resolution or no re-
sidual significant ST elevations, have lesser infarct-related
myocardial injuries and better prognosis in comparison
to patients with persistent ST elevations?*22. In a study of
933 STEMI patients, cSTR before PPCI was observed
in 24%. These patients showed higher incidence of TIMI
flow grade 2/3 before intervention (64% vs 24%) and
smaller infarct sizes (6% vs 11%) compared to patients
with ST elevations present before PPCI (ref.?’). These
data are consistent with our observation. In our study
group, TSTEMI patients had more preserved LVEF and
lower biomarker levels compared to STEMI patients.

However, despite fSTR, occluded IRA was found in
25% of our TSTEMI patients and pre-PPCI TIMI flow
grade 3 was noted only in 9 (45%) of these patients. The
incidence of our TSTEMI patients was almost identical
to that of the recent registry analyses?. Occluded IRA
despite fSTR was also common in other studies. In the
post-hoc subgroup analysis of the ELISA-3 Trial, which
investigated the TSTEMI incidence and characteristics
of patients with high-risk non-STE acute coronary syn-
drome, occluded IRA was found in 12.8% of TSTEMI
patients®. The mechanism of fSTR despite occluded IRA
is not clear. Possible explanations include adequate col-
lateral flow, both by visible epicardial vessels and invis-
ible small overlay?. Other explanation based on in vitro
experiments assumes that in some cases, fSTR does not
indicate coronary reperfusion. In experiments with iso-
lated pig hearts, decreasing extracellular concentrations
of potassium at the edges of ischemic tissue led to the
normalization of T-Q depression (and thus ST elevation)
during acute ischemia®. In an experiment with isolated
strips of toad myocardial tissue, new gap junctions were
formed during ischemia, alleviating myocardial damage.
This might explain the regression of ST segment eleva-
tions even in patients who did not undergo reperfusion
therapy?.

Chest pain is another valuable marker of persistent
myocardial ischemia. Nevertheless, as postulated in the
present guidelines' all patients in our study received in-
travenous opioids for pain relief. We thus cannot present
any relevant details on the presence or absence of pain as
the marker of ongoing myocardial ischemia prior to the
catheterization.
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The timing of invasive treatment in MI patients with
STEMI and non-ST-segment elevation MI infarction
(NSTEMI) needs to adhere to the guidelines'?’. While in
STEMI patients, immediate invasive strategy with PPCI
is generally recommended'?®, timing of intervention in
NSTEMI patients depends on patient’s risk profile?-*,
In very high risk patients, immediate invasive approach
is indicated, whereas early invasive strategy (<24h) and
invasive strategy (<72h) are indicated in high risk patients
and in intermediate risk patients, respectively®'. However,
the guidelines do not specify any optimal time of inva-
sive treatment of TSTEMI patients. A possible delayed
approach is based on the assumption that in TSTEMI
patients, there is no ongoing ischemia and that a time
delay to PCI may allow ruptured plaque stabilization and
thrombus load reduction. The delayed approach was also
proposed to lower the incidence of procedural-related
complications such as slow or no-reflow phenomenon and
to subsequently reduce the infarct size’?. In 78 STEMI
patients with complete ST-segment resolution and pre-PCI
TIMI flow grade 3 in IRA, peak CK levels were reported
to be significantly lower in the delayed PCI group (24h)
compared to the immediate PCI group*’. Nevertheless,
this study was conducted retrospectively, and treatment
assignment was not randomised. In the TRANSIENT
trial, 142 patients were prospectively randomized to an im-
mediate (0.3 h interquartile range 0.2-0.7 h) or a delayed
(22.7 h, interquartile range 18.2-27.3) PCI. The overall
infarct size measured by magnetic resonance imaging and
short-term major adverse cardiac events were not different
between the groups. Interestingly, three patients (2.1%)
had occluded IRA despite fSTR (ref.*).

In our study, catheterization was, by protocol, per-
formed with the shortest possible delay irrespective of
the ST-elevation presence or absence. We believe that this
approach benefitted particularly those patients with oc-
cluded IRA who suffered from ongoing ischemia. Timely
performed successful PPCI with early reperfusion mini-
malized the ongoing ischemia duration and, as seen in our
data, resulted in excellent clinical outcomes. The overall
long-term mortality was low and did not differ between
study groups. A similar result, albeit based on much
shorter follow-up, was recently reported based on regis-
try analyses®. Nevertheless, not surprisingly, patients
with pre-PPCI TIMI flow grade 3 showed a strong trend
towards better survival which demonstrated the clinical
difference between NSTEMI and a complete coronary
flow restoration.

Several important limitations of this study need to
be recognized. This is a single centre experience and
the number of investigated patients is relatively small.
Nevertheless, compared to the existing literature, we were
able to extend the study follow-up considerably. While we
were able to obtain accurate all-cause mortality data from
nationwide registries, we are unable to distinguish cardio-
vascular and non-cardiovascular causes of deaths. The
pre-admission and admission ECGs were not stored elec-
tronically, and we are unable to measure other ECG-based
risk indicators (e.g. the spatial QRS-T angle). Finally, we
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have no data allowing us to comment on the possibility
that in some patients whom we diagnosed as TSTEMI,
ST segment changes due to IRA re-occlusion might have
re-appeared during the short time between the ECG re-
cording on catheterization laboratory admission and the
first contrast injection to IRA. Nevertheless, such cases
would only reinforce our conclusions.

CONCLUSION

The rate of patients with TSTEMI is relatively low
(6.7%). Immediate treatment with primary PCI in these
patients is safe and strongly supported by a relatively high
incidence of occluded IRA among these patients.
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Contribution to the Field Statement: Patients with tran-
sient ST-elevation myocardial infarction (TSTEMI) are at
clinical risk of further cardiovascular complications. If the
electrocardiogram becomes completely normal in term of
ischemia diagnosis (i.e. if an isoelectric ST segment shows
full ST-segment resolution) within a short period of time,
the therapeutic strategy might be difficult to optimize.
In these patients, there is a risk of delayed indication for
invasive coronary angiography and of mechanical reper-
fusion with primary coronary intervention which might
still be needed. Several publications deal with the issue
of TSTEMI patients with conflicting results and mixed
groups of patients including both STEMI and non-STEMI
population. In our paper, we show the need for emergent
invasive approach in all STEMI patients, irrespective of
possible ST segment restoration (TSTEMI) prior to the
primary PCI. This strategy is safe, highly effective and in
a relatively high proportion of TSTEMI patients with oc-
cluded infarct-related artery also clinically necessary. In
addition, we describe a relatively long-term clinical follow-
up of the whole cohort of 300 STEMI patients.
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