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Summary

Introduction

BACKGROUND: Life-threatening arrhythmias may com-
plicate the hospital course of patients with ST-segment
elevation myocardial infarction (STEMI) undergoing
primary percutaneous coronary intervention (PPCI). The
optimal duration of electrocardiographic monitoring in
such patients is not well established. We aimed to determ-
ine the incidence and the time of occurrence of life-threat-
ening arrhythmias in STEMI patients undergoing PPCI.
METHODS: Data of 382 consecutive patients with STEMI
undergoing PPCI were analysed regarding the occurrence
of ventricular fibrillation (VF), sustained ventricular tachy-
cardia (sVT) or bradycardia necessitating temporary or per-
manent pacing.

RESULTS: Of these patients, 55% had inferior STEMI,
41% anterior and 4% lateral STEMI. The infarct-related ar-
teries were the right in 41%, the left anterior descending in
41%, the left circumflex in 16%, the left main stem in 1%
and a vein graft in <1%. During hospitalisation, 27 (7.0%)
patients developed 29 life-threatening arrhythmias (incid-
ence 7.6%): 19 episodes occurred during PPCI (VF n=11,
bradycardia n = 8), 9 episodes during the first 24 hours
after PPCI (VF n=7, sVT n = 2), and 1 sVT episode in a
hypokalemic patient on the 4" post-procedural day. A total
of 17 patients (4.5%) died within the first 30 days, and 3 of
these died during the PPCI procedure.

CONCLUSIONS: Life-threatening arrhythmias occur in a
considerable proportion of STEMI patients undergoing
PPCI during hospitalisation. Most of these arrhythmias oc-
cur during the PPCI procedure. Post-procedural life-threat-
ening arrhythmias are virtually limited to the first 24 hours
after PPCI. Thus, routine electrocardiographic monitoring
beyond the first 24 hours after PPCI might not be required
in most patients with uncomplicated STEMI.
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Primary percutaneous coronary intervention (PPCI) repres-
ents the method of choice for coronary revascularisation
in patients with ST-segment elevation myocardial infarc-
tion (STEMI) [1, 2]. Life-threatening arrhythmias includ-
ing ventricular tachyarrhythmias, such as ventricular fib-
rillation and sustained ventricular tachycardia, and brady-
arrhythmias due to high-grade atrioventricular block, are
well-known complications in patients with STEMI [3]. In
order to timely detect and treat such serious arrhythmias,
routine electrocardiographic monitoring is performed in
STEMI patients during the first 24 to 48 hours after PPCI
[1, 3—6]. However, current recommendations for electro-
cardiographic monitoring of patients with STEMI are
mainly based on historical data, which were collected be-
fore PPCI was adopted as a superior alternative to throm-
bolysis for the treatment of such patients. Indeed, despite
the widespread use of PPCI worldwide, currently there is
a paucity of data regarding the incidence and timing of
life-threatening arrhythmias in patients with STEMI under-
going PPCI. Hence, the optimal duration of electrocardio-
graphic monitoring in STEMI patients undergoing PPCI is
not well established. Therefore, we performed the present
analysis in order to investigate the incidence and the time
frame of occurrence of life-threatening arrhythmias in pa-
tients with STEMI, who are treated with PPCI, and to fur-
ther elucidate the optimal duration of electrocardiographic
monitoring in such patients.

Materials and methods

Study population

Data of 382 consecutive patients with acute STEMI, who
had undergone PPCI within the first 24 hours after the on-
set of symptoms at the Kantonsspital Graubuenden, Chur,
Switzerland were analysed. Death before arrival in the car-
diac catheterisation laboratory represented the only exclu-
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sion criteria. Acute STEMI was defined as ST-segment el-
evation of at least | mm in two or more contiguous leads,
or presumed new left bundle branch block on the present-
ing 12-lead electrocardiogram (ECG) in the presence of
chest pain and/or elevation of cardiac biomarkers [7]. On
admission, patients received an intravenous loading dose
of aspirin (500 mg), an oral loading dose of clopidogrel
(600 mg) and an intravenous bolus of unfractionated hep-
arin (5000 units) before PPCI. In addition, patients were
given oral atorvastatin (80 mg) before the procedure. The
use of glycoprotein IIb/Illa inhibitors was left at the dis-
cretion of the operator. PPCI was performed according to
standard procedures. After PPCI, patients were monitored
in our interdisciplinary intensive care unit for at least 24
hours. Post-procedural routine therapy comprised aspirin,
clopidogrel and a statin. An additional therapy with an an-
giotensin converting enzyme inhibitor and a beta-blocker
was strongly encouraged but its prescription as well as the
timing of its initiation was left at the discretion of the re-
sponsible cardiologist.

Data collection

In our study population, the incidence and the time of
occurrence of potentially life-threatening arrhythmias, in-
cluding ventricular tachyarrhythmias such as ventricular
fibrillation and sustained ventricular tachycardia, and sig-
nificant bradyarrhythmias during the index hospitalisation,
were studied retrospectively by reviewing the patients’
charts and by analysing various local databases (coronary
angiography database, intensive care unit database). In ad-
dition, 30-day mortality was assessed routinely as a meas-
ure of quality in all patients either by chart review or by
phone calls with the patient, his/her relatives or his/her gen-
eral practitioner. Given the design of the study, approval by
an ethical committee as well as patient consent was not ob-
tained.

Definitions

Ventricular fibrillation was defined as irregular undulations
of varying contour and amplitude on the ECG, with absent
distinct QRS and T waves and haemodynamic compromise
requiring direct-current defibrillation. Sustained ventricu-
lar tachycardia was defined as a regular wide-complex ta-
chycardia of ventricular origin lasting >30 seconds and/
or accompanied by haemodynamic compromise requiring
electrical cardioversion or anti-arrhythmic therapy. Signi-
ficant bradycardia was defined as any bradycardia that led
to haemodynamic compromise necessitating the applica-
tion/insertion of a temporary or permanent pacemaker.

Statistical analysis

Data of continuous variables are presented as mean + SD
and categorical data are shown as numbers (percentages).
Comparisons between the 2 groups of patients with and
without life-threatening arrhythmias were made using Stu-
dent’s t-test for continuous variables and chi-square test
for categorical variables. Statistical analysis was performed
using the software IBM SPSS Statistics, version 19 (IBM
Corporation, USA). A value of p <0.05 was considered
statistically significant.

Results

The characteristics of the 382 patients included in our ana-
lysis are shown in table 1. During hospitalisation, 27
(7.0%) of these patients developed a total of 29 life-threat-
ening arrhythmias (incidence 7.6%). Two patients deve-
loped 2 episodes of ventricular fibrillation during their hos-
pitalisation course. In both of these patients, the first epis-
ode of ventricular fibrillation occurred during the PPCI
procedure, while the second occurred within the first
9 hours after the intervention. A total of 19 (65.5%) of the
life-threatening arrhythmias occurred during the PPCI pro-
cedure, whereas 10 (34.5%) episodes were observed dur-
ing the post-procedural hospital course (table 2). With 18
(62.1%) of all arrhythmic events, ventricular fibrillation
was the most frequent life-threatening arrhythmia observed
in our patients. Significant bradycardia was responsible for
8 (27.6%) of life-threatening arrhythmias and occurred ex-
clusively during the PPCI procedure in the cardiac cathet-
erisation laboratory. Sustained ventricular tachycardia oc-
curred in only 3 patients (10.3% of all life-threatening
arrhythmias). Notably, except for one episode of sustained
ventricular tachycardia occurring in a patient with hypo-
kalemia (serum potassium 3.2 mmol/l) on the 4™ day after
PPCI, all episodes of post-procedural life-threatening ar-
rhythmias were observed within the first 20 hours after
PPCI (table 2 and fig. 1). Only 3 of the 10 patients exper-
iencing post-procedural ventricular tachyarrhythmias were
treated with a betablocker at the time of the arrhythmia (in-
cluding the patient with sustained ventricular tachycardia
on the 4" post-procedural day). In 3 patients, arrhythmias
occurred within a very short time after the procedure be-
fore betablocker therapy could be started. In 4 other pa-
tients the reason for withholding betablocker therapy at
the time of the arrhythmia was the patient's disposition to
sinusbradycardia and/or hypotension in the first post-pro-
cedural hours. A total of 31 (8%) of all patients included
in the present analysis experienced cardiac arrest and un-
derwent cardiopulmonary resuscitation before arriving in
the cardiac catheterisation laboratory. These patients were
more likely to experience life-threatening arrhythmias dur-
ing or after PPCI than those who were haemodynamically
stable before PPCI (30% vs. 6%, p <0.01; table 1). The
time between the onset of symptoms and successful PPCI

Arrhythmias (n)

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours after PPCI

Figure 1

Time of occurrence of post-procedural life-threatening arrhythmias
in patients with ST-segment elevation myocardial infarction
undergoing primary percutaneous coronary intervention (PPCI). In
addition, a single episode of sustained ventricular tachycardia
occurred on the 4™ post-procedural day in a patient with
hypokalemia (not shown).
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(symptom-to-balloon time) was significantly shorter in in-
dividuals experiencing life-threatening arrhythmias than in
the group without arrhythmias. This difference was due to
a shorter delay between symptom onset and hospital ar-
rival (symptom-to hospital door time, “pre-hospital delay”)
in those with arrhythmias, while the time interval between
hospital arrival and successful PPCI (hospital door-to-bal-
loon time, “in-hospital delay”) was identical among the 2
groups (table 1).

A total of 17 (4.5%) patients died within 30 days after hos-
pital admission. Of these, 3 died during the PPCI proced-
ure. Causes of death were cardiogenic shock in 8 (47.1%)
patients, pulse-less electrical activity in 5 (29.4%) indi-

viduals, and hypoxic brain damage or stroke in 4 (23.5%)
subjects. Of those who died during the first 30 days after
hospital admission, 8 patients had an episode of a life-
threatening arrhythmia before the terminal event (table 3).
Thus, 30-day mortality was significantly higher in patients
who had life-threatening arrhythmias than in those who did
not (29.6% vs. 2.5%, p <0.001). Also, patients who had to
be resuscitated from cardiac arrest before arriving in the
cardiac catheterisation laboratory were more likely to die
within 30 days after hospital admission than those who re-
mained haemodynamically stable before admission (19%
vs. 3%, p=0.001).

Table 1: Characteristics of the study patients.
Patients without life-threatening arrhythmias Patients with life-threatening arrhythmias p-value
(n =355) (n=27)
Mean age (yrs) 63+ 12 64 +13 0.80
Males 273 (77%) 17 (63%) 0.11
Medical history
Hypertension 181 (51%) 15 (56%) 0.69
Hyperlipidemia 265 (75%) 19 (70%) 0.65
Current smoker 157 (44%) 8 (30%) 0.16
Diabetes 41 (12%) 4 (15%) 0.54
Previous Ml 52 (15%) 2 (7%) 0.39
Previous PCI 52 (15%) 4 (15%) 1.00
Previous CABG 13 (4%) 1(4%) 1.00
Medication before STEMI
Aspirin 86 (24%) 7 (26%) 0.81
Thienopyridine 19 (5%) 1 (4%) 1.00
Oral anticoagulation 7 (2%) 1 (4%) 0.44
Statin 68 (19%) 4 (15%) 0.79
Beta-blocker 70 (20%) 6 (22%) 0.80
ACE-inhibitor 55 (16%) 3 (11%) 0.78
Angiotensin receptor-blocker 44 (12%) 6 (22%) 0.14
Calcium-antagonist 25 (7%) 2 (7%) 1.00
Pre-procedural CPR 23 (6%) 8 (30%) 0.01
STEMI localisation
Anterior 147 (41%) 10 (37%)
Inferior 194 (55%) 16 (59%) } 0.89
Lateral 14 (4%) 1(4%)
Infarct-related artery
LAD 149 (42%) 8 (30%)
LCX 57 (16%) 4 (15%)
RCA 145 (41%) 13 (48%) } 0.06
Left main 3 (<1%) 1(4%)
Saphenous vein graft 1(<1%) 1 (4%)
Multi-vessel disease 212 (60%) 15 (56%) 0.68
Symptom-to-balloon time (min) 337 £225 233 £ 104 0.02
Symptom-to-hospital door time (min) 274 £ 216 169 + 102 0.01
Hospital door-to-balloon time (min) 64 + 34 64 + 27 0.99
Post-procedural TIMI flow grade
0 8 (2%) 2 (7%)
1 6 (2%) 0 (0%)
2 29 (8%) 3 (11%) } 0.33
3 312 (88%) 22 (82%)
Peri-/post-procedural IABP 5 (1%) 2 (7%) 0.08
Post-procedural maximum CK (U/l) 2338 + 1972 2457 + 2895 0.77
Post-procedural LVEF (%) 54 + 11 50+ 15 0.13
Data are presented as mean + SD or number (%) of subjects.
MI = myocardial infarction; PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting; STEMI = ST-segment elevation myocardial infarction; ACE
= angiotensin converting enzyme; CPR = cardiopulmonary resuscitation; LAD = left anterior descending coronary artery; LCX = left circumflex coronary artery; RCA = right
coronary artery; TIMI = thrombolysis in myocardial infarction; IABP = intra-aortic balloon pump; CK = creatine kinase; LVEF = left ventricular ejection fraction.
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Discussion

The results of the present study show that in patients with
STEMI who are treated with PPCI, the overall incidence of
life-threatening arrhythmias during hospitalisation is con-
siderable. The majority of life-threatening arrhythmias that
occur in such patients are ventricular tachyarrhythmias,
whereas significant bradycardias requiring temporary pa-
cing are less frequent and are limited to the immediate peri-
procedural period. In addition, our data indicate that vir-
tually all life-threatening arrhythmias are observed during
the first 24 hours after hospital admission, and the major-
ity of these arrhythmias occur in the cardiac catheterisation
laboratory during the PPCI procedure itself.

Before the introduction of PPCI as standard therapy for re-
vascularisation of patients with acute STEMI, ventricular
arrhythmias were observed in up to 20% of patients under-
going thrombolytic therapy and their occurrence was as-
sociated with an adverse prognosis [8]. In the first studies
comparing PPCI with thrombolytic therapy in patients with
acute myocardial infarction, the in-hospital incidence of
sustained ventricular tachyarrhythmias (ventricular fibril-
lation and ventricular tachycardia) in patients assigned to
PPCI was 8.7% and 7.1% [9, 10]. Compared with these
early landmark studies, the in-hospital incidence of sus-
tained ventricular tachyarrhythmias in STEMI patients un-
dergoing PPCI was lower in our population (5.5%). These
results are in line with those reported in other recent trials,
including the APEX AMI trial, in which sustained
ventricular tachyarrhythmias occurred in 5.7% of hospit-
alised patients, and two smaller single centre studies re-
porting an in-hospital incidence of sustained ventricular ar-
rhythmias of 4.7% or 6.0%, respectively [11-13].

In contrast to ventricular tachyarrhythmias, data on the
incidence of significant bradycardia complicating acute
STEMI are sparse. In the early PPCI era, atrioventricular
block was found to occur in about 6.2% of hospitalised
patients with acute myocardial infarction [9]. In contrast
to these early data, the results of our study showing a
rather low in-hospital incidence of significant bradycardia

of 2.1% match well with those of another recently pub-
lished single centre study, in which complete atrioventricu-
lar block complicated the in-hospital course of 3.1% of pa-
tients [13].

Our analysis demonstrated that the majority (65.5%) of all
life-threatening arrhythmias occurred during the PPCI pro-
cedure. For comparison, in the APEX AMI trial, 60.6% of
all episodes of sustained ventricular tachyarrhythmias oc-
curred before the end of cardiac catheterisation [11]. An
even higher percentage of peri-procedural life-threatening
arrhythmias was reported in an Italian study where 84.3%
of all life-threatening arrhythmias that were observed dur-
ing hospitalisation occurred in the cardiac catheterisation
laboratory [13]. In summary, these data indicate that the
cardiac catheterisation laboratory is not only the site of
PPCI but also the place where most life-threatening ar-
rhythmias are observed.

Since the thrombolytic era it is well-known that the risk of
major complications in STEMI patients, including that of
sustained ventricular arrhythmias, is largest within the first
24 hours after the event and that 95% of all complications
occur within the first 3 days after the event [14]. In a re-
cently published single centre observational study, 60% of
all sustained ventricular tachyarrhythmias occurred within
the first 24 hours and 92% were observed during the first
48 hours after hospital admission [12]. In our population,
all except one episode of life-threatening arrhythmias oc-
curring after PPCI were observed within the first 20 hours
after the procedure. The only episode of sustained ventricu-
lar tachycardia that was observed beyond the first 24 hours
after PPCI (notably on the 4™ post-procedural day) was
probably promoted by hypokalemia, emphasising the im-
portance of appropriate and timely correction of electrolyte
imbalances in patients suffering from STEMI. On the other
hand, our observations suggest that a post-procedural elec-
trocardiographic monitoring period of 24 hours appears to
be sufficient to detect the vast majority of all life-threaten-
ing arrhythmias occurring in patients with uncomplicated
STEMI undergoing PPCI.

Table 2: Number and time frame of all life-threatening arrhythmias observed in the study patients during hospitalisation.

During PPCI <24 hours after PPCI >24 hours after PPCI
Ventricular fibrillation 1" 7 0
Sustained ventricular tachycardia 0 2 1
Bradycardia 0 0

PPCI = primary percutaneous coronary intervention

Table 3: Characteristics of patients with life-threatening arrhythmias who died within the first 30 days after hospital admission.

Gender |Age (years) STEMI localisation IRA | Post-procedural Life-threatening arrhythmia Time of death Cause of death

TIMI flow grade
Male 68 Anterior LAD |3 Peri-procedural VF During PPCI Cardiogenic shock
Female |70 Inferior LCX |0 Peri-procedural asystole During PPCI PEA
Female |84 Inferior LCX |3 Peri-procedural AVB Il Day 1 PEA
Male 70 Anterior LAD |2 Post-procedural VF Day 1 Cardiogenic shock
Female 54 Inferior RCA |3 Post-procedural VT Day 1 Hypoxic brain damage
Male 45 Anterior LAD |3 Post-procedural VF Day 1 Cardiogenic shock
Male 55 Anterior LM 3 Peri-procedural VF Day 2 Cardiogenic shock
Male 83 Inferior LCX |3 Peri-procedural AVB Il Day 4 Cardiogenic shock

STEMI = ST-segment elevation myocardial infarction; IRA = infarct-related artery; TIMI = thrombolysis in myocardial infarction; LAD = left anterior descending coronary
artery; LCX = left circumflex coronary artery; RCA = right coronary artery; LM = left main; VF = ventricular fibrillation; AVB IlI = third-degree atrioventricular block; VT =
ventricular tachycardia; PPCI = primary percutaneous coronary intervention; PEA = pulse-less electrical activity.
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In the absence of contraindications, the early use of betab-
lockers may reduce the frequency of life-threatening
ventricular tachyarrhythmias in patients with STEMI un-
dergoing early reperfusion therapy [2, 3]. Given the very
early occurrence of post-procedural arrhythmias in some
cases or the presence of bradycardia and/or hypotension
in others, only 30% of the patients with post-procedural
ventricular tachyarrhythmias were treated with a betab-
locker at the time of the arrhythmia. Thus, it may be specu-
lated that earlier and/or more aggressive initiation of betab-
locker therapy — if possible — might have decreased the rate
of post-procedural arrhythmias in our population.

In the present cohort, the risk of experiencing a life-threat-
ening arrhythmia during or after PPCI, as well as 30-day
mortality were significantly higher in patients who had
already been resuscitated from cardiac arrest before arrival
in the cardiac catheterisation. These findings are in line
with very recent data from the Prehospital Myocardial In-
farction Registry (PREMIR) that showed a very high rate
of adverse events including in-hospital death in patients
who needed pre-hospital cardiopulmonary resuscitation be-
fore early reperfusion therapy [15].

In our population, average symptom-to-balloon times were
significantly shorter in patients who experienced life-
threatening arrhythmias than in those who did not. In con-
trast, in the APEX AMI trial symptom-to-balloon times
were similar in patients with and those without sustained
ventricular tachyarrhythmias during their hospital course
[11]. On the other hand, however, and in line with our
findings, the delay between the onset of symptoms and
the patients’ arrival in the emergency room was shorter
in subjects who experienced sustained ventricular tachyar-
rhythmias in the catheterisation laboratory than in those
who remained arrhythmia-free in the PAMI trial [16].
Moreover, in a retrospective cohort study of patients under-
going PPCI for acute myocardial infarction in New York
State, patients presenting within the first 6 hours after
symptom onset were more likely to experience early sus-
tained ventricular tachyarrhythmias than those who presen-
ted later [17]. In contrast to these and our findings, in a
recent study, STEMI patients with a symptom-to-balloon
time of less than or equal to 4 hours and a good post-pro-
cedural angiographic results were found to have a reduced
risk of ventricular tachyarrhythmias in univariate analyses.
However, in multivariate analyses, a short symptom-to-bal-
loon time was not an independent factor associated with
a reduction of ventricular arrhythmias [12]. In summary,
given these controversial data, it remains unclear whether
there is an association between symptom-to-balloon time
and the risk to experience life-threatening arrhythmias dur-
ing hospitalisation in patients with STEMI undergoing
PPCIL.

Data about the impact of life-threatening arrhythmias on
clinical outcomes of STEMI patients undergoing PPCI are
controversial and largely limited to ventricular tachyar-
rhythmias. In the PAMI trial population, the occurrence of
ventricular fibrillation or ventricular tachycardia in the car-
diac catheterisation laboratory during the PPCI procedure

tachycardia either during or after PPCI was associated with
an increased 90-day mortality in STEMI patients irrespect-
ive of their underlying baseline risk [11, 18]. In our study,
30-day mortality was significantly higher in patients who
had experienced an episode of life-threatening arrhythmia
during hospitalisation than in those who had not. This ob-
servation suggests that the occurrence of ventricular ta-
chyarrhythmias or significant bradycardias before or after
PPCI is associated with an adverse short-term clinical out-
come in patients with STEMI. However, given the small
number of events, these results have to be interpreted with
caution.

Indeed, the rather small number of patients and events in-
cluded in the analysis represents a limitation of the present
study. Thus, our results must be seen as “hypothesis-gen-
erating” and cannot be generalised to all STEMI patients
undergoing PPCI. Another limitation is the retrospective
nature of the analysis. However, given that the focus of
our analysis was put on life-threatening arrhythmias, a ma-
jor bias is rather unlikely. Finally, we cannot provide any
data on long-term follow-up and thus cannot comment on
the possible long-term implications of the arrhythmias ob-
served in our patients. Therefore, additional, large-scale,
prospective studies with long-term follow-up are needed to
confirm our findings and to assess the prognostic implica-
tions of life-threatening arrhythmias in STEMI patients un-
dergoing PPCI.

In summary, the results of the present study suggest that
life-threatening arrhythmias occur in a considerable pro-
portion of patients with STEMI undergoing PPCI during
their hospital course, and that the majority of them occur
during the PPCI procedure in the cardiac catheterisation
laboratory. Life-threatening arrhythmias that occur later in
the hospital course are virtually limited to the first 24 hours
after the PPCI procedure. Thus, our findings indicate that
routine electrocardiographic monitoring beyond the first 24
hours after PPCI might not be required in the majority
of patients with uncomplicated STEMI. However, further
studies in larger patient cohorts are needed to define which
patient subgroups could benefit from longer electrocardio-
graphic monitoring periods before evidence-based recom-
mendations regarding the optimal duration of electrocardi-
ographic monitoring in STEMI patients undergoing PPCI
can be made.
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Figure 1

Time of occurrence of post-procedural life-threatening arrhythmias in patients with ST-segment elevation myocardial infarction undergoing
primary percutaneous coronary intervention (PPCI). In addition, a single episode of sustained ventricular tachycardia occurred on the 4" post-
procedural day in a patient with hypokalaemia (not shown).
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