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Aims Important controversies remain concerning the determinants of life-threatening arrhythmias during ST-segment ele-
vation myocardial infarction (STEMI) and their impact on late adverse events. This study sought to investigate
which factors might facilitate ventricular tachycardia (VT) and ventricular fibrillation (VF), in a homogeneous popu-
lation of anterior STEMI patients defined by abrupt left anterior descending coronary artery (LAD) occlusion and
no collateral flow.

Methods and The 967 patients, who entered into the CIRCUS (Does Cyclosporine ImpRove Clinical oUtcome in ST elevation

results myocardial infarction patients) study, were assessed for further analysis. Acute VT/VF was defined as VT (run of
tachycardia >30 s either self-terminated or requiring electrical/pharmacological cardioversion) or VF documented
by electrocardiogram or cardiac monitoring, during transportation to the cathlab or initial hospitalization. VT/VF
was documented in 136 patients (14.1%). Patients with VT/VF were younger and had shorter time from symptom
onset to hospital arrival. Site of LAD occlusion, thrombus burden, area at risk, pre-percutaneous coronary inter-
vention Thrombolysis in Myocardial Infarction flow, and ST-segment resolution were similar to that of patients
without VT/VF. There was no impact of VT/VF on left ventricular remodelling or clinical outcomes. By multivariate
analysis, the use of morphine (odds ratio 1.71; 95% confidence interval (1.13-2.60); P=0.012) was the sole inde-
pendent predictor of VT/VF occurrence.

Conclusions In STEMI patients with LAD occlusion, our findings support the view that morphine could favour severe ventricular
arrhythmias.
Keywords Ventricular tachycardia e Ventricular fibrillation e Acute coronary syndromes ® Morphine
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Introduction

Important controversies remain concerning the determinants of life-
threatening arrhythmias [sustained ventricular tachycardia or ven-
tricular fibrillation (VT/VF)] during ST-segment elevation myocardial
infarction (STEMI) and their impact on late adverse events. Lack of is-
chaemic preconditioning, age of <60 years, enhanced infllmmatory
response, reduced door to balloon time, magnitude of ST-segment
elevation," infarct size, increased Killip class, and subsequent left ven-
tricular (LV) dysfunction are described as possible determinants of
VT/VF at the acute phase.’™ Whereas acute phase ventricular
tachyarrhythmias have been evidenced as a marker of early in-
hospital death, early VT/VF did not appear to substantially alter post-
discharge mortality.®” Many flaws, such as the enrolment of different
types of myocardial infarction (anterior vs other locations), various
initial Thrombolysis in Myocardial Infarction (TIMI) flow or the lack of
visible collateral flow evaluation have up to now preclude a precise
analysis of VT/VF determinants and their prognosis impact in STEMI.
In the present study, we sought to characterize the predictors of VT/
VF in a homogeneous population of anterior STEMI patients character-
ized by abrupt left anterior descending coronary artery (LAD) occlu-
sion and without collateral flow. Secondary objective was to clarify (the
impact of VT/VF on LV remodelling and cardiovascular outcome.

Methods
CIRCUS trial

The subjects in the present study were recruited from the CIRCUS trial
database ®? In brief, the CIRCUS trial was an international prospective
multicentre randomized double-blind placebo-controlled clinical trial
conducted between April 2011 and February 2014 that evaluated the effi-
cacy of cyclosporine to prevent reperfusion injury in an anterior STEMI
population. The CIRCUS trial did not show any significant effect of cyclo-
sporine on clinical outcomes. Approval for the present study was
obtained from ethics committees in the relevant countries and all patients
provided written informed consent prior to inclusion in the CIRCUS trial.
To be eligible for enrolment in the present study, patients had to be >18
years of age, present within 12 h after the onset of acute coronary syn-
drome symptoms, show ST-segment elevation >2 mm in at least two an-
terior leads and be referred for primary percutaneous coronary
intervention (PPCI). The culprit coronary artery was the LAD with a TIMI
flow grade of 0 or 1 at the time of coronary angiography. Complete inclu-
sion and exclusion criteria, study design and the primary results have al-
ready been reported elsewhere.®” Randomization with stratification
according to study centre was performed after the initial coronary angi-
ography to ensure that (i) LAD was occluded (TIMI 0/1) and (i) no collat-
eral flow existed (Rentrop 2 and 3 for the region at risk were excluded).

Patients underwent PPCl according to standard guidelines. The indica-
tion of morphine administration was analgesia in patients with ongoing
chest pain unresponsive to nitrates. Morphine was given in a non-
randomized fashion as required by emergency teams en route to the
cathlab or by interventional cardiologists in the cathlab and prior to the
occurrence of VT/VF.

The use of thrombus aspiration, bare metal or drug-eluting stents, and
glycoprotein llb/llla inhibitors was left to the discretion of the treating
physician. Acute phase VT/VF was defined as VT (runs of VT of > 30 s
which was either self-terminated or required electrical/pharmacological
cardioversion due to haemodynamic instability) or VF documented by

electrocardiogram or cardiac monitoring during transportation to the
cathlab or during the initial hospitalization. Precise timing of VT/VF was
not available, but VT/VF occurrence was further discriminated between
early (<24 h) and late (>24 h) VT/VF.

Study endpoints

Patients underwent echocardiography during the initial hospitalization
and again after 1 year. The LV ejection fraction (LVEF) was estimated by
the Simpson method, as were LV end-diastolic volume (LVEDV) and LV
end-systolic volume. Absolute remodelling was defined as the relative in-
crease in LVEDV between baseline and 1 year. Adverse LV remodelling
was defined as a >15% increase in LVEDV [i.e. (LVEDV at 1 year - initial
LVEDV)/initial LVEDV >15%]. Clinical outcomes were recorded pro-
spectively at 1 year and were a composite of all-cause death and heart fail-
ure worsening during initial hospitalization or rehospitalization for heart
failure. All clinical events were adjudicated by an events validation commit-
tee whose members were unaware of the study group assignment.

Statistical analysis

All statistical analyses were post hoc analyses and were not pre-specified
in the original CIRCUS statistical analysis plan. Quantitative variables
were expressed as mean + standard deviation. Categorical variables
were expressed as numbers (percentage). Bivariate comparisons were
made using Student’s t-test for continuous variables or Wilcoxon test
when assumptions were not validated. x? tests (or Fischer’s exact test
when the expected cell frequency was < 5) were used for categorical var-
iables. Predictors of VT/VF were evaluated by using logistic-mixed-effect
regression that included centre as a random effect. A multivariable mixed
logistic model was estimated, including centre as random effect and all
univariate analysis at P<0.10 as fixed effects. When appropriate, log
transformation was performed prior to regression to achieve normality.
Survival curves were constructed using the Kaplan—Meier method.
Comparison between groups was conducted using the log-rank test.
Statistical testing was done at the two-tailed a level of 0.05. Data were
analysed using the R statistical software version 3.3.3.

Results

Of the 967 patients included in this study, VT/VF was documented in
136 patients (14.1%). Seventeen patients presented VF, 113 VT, and 6
patients VT and VF. Among the VF sub-group (n=23), 18/23 events
(78.3%) occurred during the first 24 h (Day 1) and 5/23 (21.7%) be-
tween Day 1 and Day 8. In the VT subgroup (n=119), 66/119 (55.5%)
events occurred during the first 24 h (Day 1) and 53/119 (44.5%) be-
tween Day 1 and Day 8. Baseline characteristics, pre-hospital manage-
ment, and angiographic data stratified by the presence or absence of
VT/VF are summarized in Tables 1 and 2. Patients with VT/VF were
younger, were less likely to have previous coronary artery disease
treated by percutaneous coronary intervention (PCI), had higher dia-
stolic blood pressure and had shorter symptom onset to hospital arrival
times. Site of LAD occlusion, thrombus burden, area at risk, pre-PCl
TIMI Flow grade, maximal ST elevation, and ST-segment resolution
were equivalent between the two subsets. No differences in heart rate
and arterial blood pressure could be evidenced at baseline and 36 h
post-PCl (Table 3). Baseline medications did not differ significantly be-
tween groups except for a more frequent use of morphine and
GPlIbllla in the VT/VF group (Table 2). A total of 552 (57.2%) patients
received morphine at first medical contact in the CIRCUS trial.



Table | Baseline characteristics

Study population

(n=967)

Age (years)

Male sex, no./total no. (%)

BMI (kg/m?)

DBP (mmHg)

SBP (mmHg)

Heart rate (b.p.m.)

Killip class at admission,
no./total no. (%)
|
Il
1l
\%

Current smoking, no./total
no. (%)

Hypertension, no./total
no. (%)

Diabetes mellitus, no./total
no. (%)

Dyslipidaemia, no./total
no. (%)

Previous myocardial infarc-
tion, no./total no. (%)

Previous coronary artery
disease treated with PCI,
no./total no. (%)

Previous heart failure,
no./total no. (%)

GFR, no./total no. (%)
Stage 1
Stage 2
Stage 3-5

59.9 £129
794/967 (82.1%)
269 42
832+ 16.6
1342 £242
787 £16.2

750/858 (87.4%)
85/858 (9.9%)
16/858 (1.9%)
7/858 (0.8%)

409/967 (42.3%)

359/967 (37.1%)

123/967 (12.7%)

372/967 (38.5%)

54/967 (5.6%)

51/63 (81%)

6/967 (0.6%)

494/880 (56.1%)
270/880 (30.7%)
116/880 (13.2%)

No VT/VF VTI/VF P-value
(n=831) (n=136)
604 + 129 57 +12.8 0.005
676/831 (81.3%) 118/136 (86.8%) 0.159
269 +43 268 + 3.7 0.922
82.7+16.3 86 + 18 0.049
134+ 24 135.5+254 0.511
787 +16.3 78.6 +15.5 0.939
0.806
647/738 (87.7%) 103/120 (85.8%)
72/738 (9.8%) 13/120 (10.8%)
13/738 (1.8%) 3/120 (2.5%)
6/738 (0.8%) 1/120 (0.8%)
347/831 (41.8%) 62/136 (45.6%) 0.456
317/831 (38.1%) 42/136 (30.9%) 0.126
113/831 (13.6%) 10/136 (7.4%) 0.059
315/831 (37.9%) 57/136 (41.9%) 0.427
46/831 (5.5%) 8/136 (5.9%) 0.999
46/54 (85.2%) 5/9 (55.6%) 0.026
6/831 (0.7%) 0/136 (0%) 0.999
0.329

420/760 (55.3%)
2401760 (31.6%)
100/760 (13.2%)

74/120 (61.7%)
30/120 (25%)
16/120 (13.3%)

We don't have information on chronic kidney disease.

In hospital management, together with discharge cardiac medica-
tions are displayed in Table 4. As expected, a longer length of stay
was evidenced in patients who experienced VT/VF.

Adverse events, echocardiographic
endpoints, and VT/VF

The impact of VT/VF on primary and secondary endpoints is given in
Table 5. At 1-year follow-up, death from any cause, cardiac death,
major adverse cardiac event (MACE), recurrent myocardial infarc-
tion, and heart failure did not differ significantly between groups. The
occurrence of the composite outcome of death from any cause or
heart failure event was not significantly different according to VT/VF
(Figure 1). Similarly, remodelling was similar in the two groups
[VT/VF*: 55/112 (49.1%) vs VT/VF: 288/641 (44.9%); P=0.474;
Table 5].

Comparison between early and delayed
VTIVF

Because pathophysiological mechanisms may vary between early and
delayed VT/VF, patients were stratified according to the onset of VT/
VF. Baseline characteristics, prehospital management, angiographic
data, in hospital management, primary and MACE in patients with
acute (<24 h) or delayed (>24 h) VT/VF are given in Supplementary
material online, Tables S1-S4 and Figure 1. No differences between
total ischaemic time, area at risk, segment ST resolution, post-PCI-
LVEF, and 1 year LVEF could be evidenced.

Determinants of VT/VF

To identify potential determinants of VT/VF, multivariate logistic anal-
yses were performed (Table 6). The use of morphine [odds ratio
1.71; 95% confidence interval (1.13-2.60); P = 0.012] was identified as



Table 2 Pre-hospital management and angiographic data

Study population

(n=967)

No VT/VF

Time from symptom onset to hospital arrival (h)

Time from hospital arrival to treatment administration (h)

Total ischaemic time
Duration (h)
Distribution, no.(%)

<2h
2-6h
>6h

Medication from first medical care to PCl, no./total no. (%)

Heparin
Glycoprotein lIb/llla inhibitor
Loading dose of P2Y12 inhibitor
Aspirin
Morphine
Cyclosporine
Site of occlusion in left anterior
descending artery, no./total no. (%)
Proximal or main left artery
Medial or distal segment or diagonal branch
Vessel disease, no./total no. (%)
One
Two
Three
Thrombus burden >3, no./total no. (%)
Area at risk (%)
TIMI flow grade before PCI, no./total no. (%)
0
1
2
3
Thrombus aspiration, no./total no. (%)
Direct stenting, no./total no. (%)
Stenting, no./total no. (%)
No reflow observed on angiography, no./total
no. (%)
TIMI flow grade after PCI, no./total no. (%)
0
1
2
3
Maximal ST elevation before PCl (mm)
Maximal ST elevation at discharge (mm)
ST-segment resolution > 70% (at discharge),
no./total no. (%)

45%3

96/877 (10.9%)
612/877 (69.8%)
169/877 (19.3%)

7941965 (82.3%)
366/965 (37.9%)
861/965 (89.2%)
896/965 (92.8%)
552/965 (57.2%)
4741967 (49%)

415/967 (42.9%)
552/967 (57.1%)

610/967 (63.1%)
248/967 (25.6%)
106/967 (11%)
625/928 (67.3%)
363+85

752/927 (81.1%)
110/927 (11.9%)
48/927 (5.2%)
171927 (1.8%)
734/967 (75.9%)
551/927 (59.4%)
854/967 (88.3%)
55/967 (5.7%)

13/951 (1.4%)
10/951 (1.1%)
58/951 (6.1%)

870/951 (91.5%)

54+27
19+12

331/812 (40.8%)

81/747 (10.8%)
516/747 (69.1%)
150/747 (20.1%)

6791829 (81.9%)
303/829 (36.6%)
739/829 (89.1%)
7691829 (92.8%)
456/829 (55%)
412/831 (49.6%)

358/831 (43.1%)
473/831 (56.9%)

523/831 (62.9%)
210/831 (25.3%)
95/831 (11.4%)
528/795 (66.4%)
364485

640/794 (80.6%)
99/794 (12.5%)
401794 (5%)
15/794 (1.9%)
626/831 (75.3%)
4761794 (59.9%)
734/831 (88.3%)
47/831 (5.7%)

12/818 (1.5%)
9/818 (1.1%)
46/818 (5.6%)
751/818 (91.8%)
53+27
19+12
280/697 (40.2%)

4£28

15/130 (11.5%)
96/130 (73.8%)
19/130 (14.6%)

115/136 (84.6%)
63/136 (46.3%)
122/136 (89.7%)
127/136 (93.4%)
96/136 (70.6%)
62/136 (45.6%)

57/136 (41.9%)
79/136 (58.1%)

87/136 (64%)
38/136 (27.9%)
11/136 (8.1%)
97/133 (72.9%)
357488

112/133 (84.2%)
11/133 (8.3%)
8/133 (6%)
2/133 (1.5%)
108/136 (79.4%)
75/133 (56.4%)
120/136 (88.2%)
8/136 (5.9%)

1/133 (0.8%)
1/133 (0.8%)
12/133 (9%)

119/133 (89.5%)

58+3
19+12

51/115 (44.3%)

0.529
0.037
0.963
0.936
0.001
0.440
0.871

0.668

0.166
0.895
0.522

0.356
0.498
0.999
0.999

0.468

0.098
0.580
0.458

We don’t have information on stent diameter and length, BMS, DES, and cumulative ST elevation.



Table3 Haemodynamic characteristics 3-6 after PCI

Study population No VT/VF (n = 831) VTIVF (n = 136) P-value
(n=967)
DBP (mmHg) 665+ 112 665+ 112 662+ 114 0.758
SBP (mmHg) 107.5+£153 107.8 £15.3 105.5£15.3 0.117
Heart rate (b.p.m.) 758 + 14.3 759 £ 143 755+ 139 0.803
Table 4 In hospital management
Study population No VT/VF VTIVF P-value
(n=967) (n=2831) (n=136)
Killip class > 2 at 6 h post-PCl, no./total no. (%) 84/762 (11%) 711648 (11%) 13/114 (11.4%) 0.999
IABP, no./total no. (%) 23/926 (2.5%) 22/796 (2.8%) 1/130 (0.8%) 0.233
Non-invasive positive pressure ventilation, no./total no. (%) 45/920 (4.9%) 40/790 (5.1%) 5/130 (3.8%) 0.665
Intravenous diuretics, no./total no. (%) 97/385 (25.2%) 82/320 (25.6%) 15/65 (23.1%) 0.784
Inotropic agents, no./total no. (%) 32/381 (8.4%) 27/316 (8.5%) 5/65 (7.7%) 0.999
Average length of stay (day) 716 68+58 8173 0.001
AAP, no./total no. (%)
Aspirin 933/954 (97.8%) 801/819 (97.8%) 132/135 (97.8%) 0.999
P2Y12 899/954 (94.2%) 771/819 (94.1%) 128/135 (94.8%) 0.910
Beta-blockers 879/954 (92.1%) 749/819 (91.5%) 130/135 (96.3%) 0.078
Statins 913/954 (95.7%) 782/819 (95.5%) 131/135 (97%) 0.500
ACE inhibitors or ARBs 853/954 (89.4%) 728/819 (88.9%) 125/135 (92.6%) 0.252
Calcium channel blockers (CCB) 25/954 (2.6%) 22/819 (2.7%) 3/135 (2.2%) 0.999
Nitrates 125/954 (13.1%) 109/819 (13.3%) 16/135 (11.9%) 0.743

We don’t have information on diurectics, soludactone/eplerenone.

the sole predictor of VT/VF occurrence (Figure 2). In contrast, no im-
pact of baseline LVEF, total ischaemic time, ST-segment resolution
and inflammation, as assessed by leukocytes levels measurement on
VT/VF could be evidenced.

Discussion

The salient results of the present study are as follows: (i) the use of
morphine, a non-selective opioid agonist, was an independent pre-
dictor of VT/VF occurrence; (i) VT/VF occurred in a sizeable propor-
tion of anterior STEMI patients with abrupt LAD occlusion and lack
of collateral flow (14.1%); and (iii) VT/VF occurrence was not predict-
ive of late adverse events including all-cause death, MACE, recurrent
myocardial infarction, and LV remodelling.

Impact of morphine on severe
ventricular arrhythmias

The association between VT/VF and the use of morphine was unex-
pected and has, to our knowledge, not been described in STEMI
patients. Unbearable chest pain, acute pulmonary oedema, or pain

related to cardiopulmonary resuscitation and defibrillation are com-
mon causes of morphine administration in STEMI patients. Because
these conditions are usually associated with a more severe presenta-
tion, one could not exclude that the association between morphine
and VT/VF could solely constitute a bias. However, this hypothesis
appears unlikely since Killip class as a marker of pulmonary oedema
or systolic blood pressure and heart rate as markers of sympathetic
activation were equivalent among groups. Moreover, we have veri-
fied that no morphine administration was given after VT/VF
occurrence.

Although the study was not designed to provide mechanistic
insights, several hypotheses could be raised. We cannot exclude that
the use of morphine has a pro-arrhythmogenic effect per se.
Although morphine is commonly described as mainly a p-opioid re-
ceptor agonist, interactions between 6 and k-receptor opioid recep-
tor subtype have been reported in animal studies.”® In swine,
experimental data have demonstrated that k-opioid receptor activa-
tion is pro-arrhythmogenic and exacerbated ischaemia-induced
arrhythmias in a model of myocardial infarction induced by LAD oc-
clusion. Some experiments have demonstrated that preconditioning
with a selective § opioid agonist did not decrease infarct size but



Table5 Primary and secondary endpoint—MACE

Study population

(n=967)

Primary endpoint, no./total no. (%)
Primary composite outcome

475 (49.1%)

MACE 236 (24.4%)
Death from any cause 53 (5.5%)
Cardiovascular death 47 (4.9%)
Recurrent myocardial infarction 28 (2.9%)
Stroke 20 (2.1%)
Heart failure 180 (18.6%)
Cardiogenic shock 50 (5.2%)
Unstable angina 23 (2.4%)
Secondary endpoint
Biological data
Leukocyte HO (10° per L) 122+ 63
Leukocyte peak (10° per L) 127 £ 6.1
BNP 3-6 h after PCl (ng/L) 406.8 £ 968.1
Echocardiography
Post-PCI EF (%) 474 £ 10
Post-PCI EDV (mL/m?) 105 + 30.3
Post-PCI ESV (mL/m?) 55.8£23.2
EF at 1 year (%) 519+ 108
EDV (1 year) (mL/m?) 1214+ 418
ESV (1 year) (mL/m?) 61.2 £32.2

LV remodelling, no./total

343/753 (45.6%)

No VT/VF VTIVF P-value
(n=2831) (n=136)

404 (48.6%) 71 (52.2%) 0.494
205 (24.7%) 31 (22.8%) 0.716
48 (5.8%) 5(3.7%) 0.427
43 (5.2%) 4(2.9%) 0.364
23 (2.8%) 5(3.7%) 0.578
17 (2%) 3(22%) 0.753
156 (18.8%) 24 (17.6%) 0.846
43 (5.2%) 7 (5.1%) 0.999
22 (2.6%) 1(0.7%) 0.234
12165 125 +43 0.198
127 £ 63 13114 0.060
411.9 £ 1000.3 357.8 +591.7 0.901
475+ 10 471198 0.632
104.3 £ 303 108.9 £ 30.2 0.099
55.5+23.6 57.6 £20.4 0.111
52+10.8 51.6 + 10.6 0.533
1204 £ 41.7 127 £ 419 0.071
60.5 + 322 65.1 + 321 0.057
288/641 (44.9%) 55/112 (49.1%) 0.474

no. (%)

We don't have information on CRP HO, CRP peak, BNP peak, and BNP 1 year.

increased ischaemia-induced arrhythmia."’ Up to now, important
controversies remain concerning the ability of morphine precondi-
tioning to induce heart protection against ischaemia—reperfusion in-
jury. In isolated cardiomyocytes, morphine has been demonstrated
to mimic preconditioning through K*-dependent ATP channels
opening. In rabbits, morphine reduced infarct size only when supra-
clinical doses were used (3 mg/kg). In rats, administration of 3 mg/kg
of morphine 10 min before permanent LAD occlusion enhanced in-
farct size."” In contrast, in human, when given in addition to remote
ischaemic preconditioning, the use of morphine (5 mg 5 min before
first balloon inflation) was associated with greater percentage of ST-
segment resolution and lower troponin peak levels."?

Morphine interacts with P2Y4; inhibitors pharmacokinetic during
STEMI. A previous report by Hobl et al'* has demonstrated that
morphine decreases clopidogrel concentrations and effects. In the
large ATLANTIC trial (pre-hospital administration of ticagrelor in
STEMI), patients who did not receive morphine had a significant im-
provement of ST-segment resolution."” Post hoc analysis has demon-
strated that morphine administration was associated with delayed

onset of action of various P2Y, inhibitors including ticagrelor that
could favour the thrombotic burden and subsequent embolization
when PCl would be performed.'® Accordingly, in the RAPID (Rapid
Activity of Platelet Inhibitor Drugs) trial, morphine use was evidenced
as an independent predictor of high residual platelet reactivity."” In
line with this view, recent study by de Waha’s et al."® has shown that
IV morphine administration prior to PCl in patients with STEMI was
independently associated with suboptimal reperfusion success and
larger infarct size assessed by magnetic resonance imaging. Another
recent report has underlined that pre-PCl morphine analgesia indu-
ces a prothrombotic state associated with reduced reperfusion rate
and greater infarct size."” This effect was also demonstrated with
other opioids such as fentanyl, which delays platelet inhibition.”° In the
CIRCUS study, although the use of morphine was not randomized, no
significant impact of morphine on ST resolution, enzymatic infarct size,
or adverse LV remodelling could be demonstrated.”’ Altogether, our
findings support the view that morphine has no favourable impact on
ischaemic preconditioning in anterior STEMI patients but could be
associated with the ventricular arrhythmic burden.



Kaplan-Meier Curves for composite outcome of
death from any cause or heart failure event, according to VT/VF

No VT/VF = = Acute VT/VF = = Delayed VT/VF

p=0.9 by log-rank test

Estimated Probability of Outcomes

T T T T T T T T T

0 1 2 3 4 5 6 8 g 10 11 12
Months of Follow-up
No. at Risk

799 668 653 649 644 642 640 638 634 630 626 610 471
\cute VT/VF 80 65 65 65 65 65 65 65 65 65 65 64 49
Delayed VT/VF 53 45 44 43 43 43 43 43 43 43 43 41 26

Figure | Kaplan—Meier curves for composite outcome of death from any cause or heart failure event, according to ventricular tachycardia/ven-

tricular fibrillation.

Impact of VT/VF on cardiovascular

outcome and LV remodelling

Previous studies have suggested that in patients with acute coronary
syndromes, both early and late ventricular tachyarrhythmias por-
tended an adverse prognosis. In a recent report drawn from a size-
population, patients with early ventricular
tachyarrhythmia (<48 h) had an increased risk of early in-hospital
death but not post-discharge mortality.” Conversely, patients with
late ventricular tachyarrhythmia (>48 h) had larger myocardial infarc-

able Israeli

tion, more severe LVEF impairment and increased early and late mor-
tality (1 year) rates with respect to patients without VT/VF or
patients with early VT/VF.

Another recent post hoc analysis from the HORIZONS-AMI trial
has emphasized the view that pre-PCl VT/VF has no impact on early
mortality but was strongly associated with increased 3-year rates of
death and stent thrombosis, as a possible consequence of reduced
LVEF.* In that setting, the finding that early VT/VF was associated
with an adverse late prognosis might suggest that the underlying elec-
trophysiology substrate rather than the acute arrhythmic events per
se was responsible for increased rates of death.” In contrast, in our
homogeneous population, no impact of VT/VF on 1-year clinical out-
comes could be evidenced and this, independently of the time occur-
rence: either early (<24 h) or late (>24 h) VT/VF. Moreover, our
data did not substantiate the view that delayed VT/VF could be asso-
ciated with larger myocardial impairment.

Frequency of VT/VF in anterior STEMI
In the present study, the frequency of VT/VF is much higher (14.1%)
than previously reported (3.8-5.2%).” LAD coronary artery, anterior

wall myocardial infarction, sum of ST-segment elevation were previ-
ously identified to be more common in patients with ventricular
arrhythmias, as a possible consequence of larger infarct, more severe
ischaemic burden, ventricular dysfunction or heart failure."
Challenging this paradigm, no clear relationship between the occur-
rence of VT/VF and either total ischaemic time, area at risk, or post-
PPCI LVEF could be established in our study population. In contrast,
infarct size tended to be greater in the VT/VF group (data not
shown). By design, the CIRCUS trial has enrolled high-risk patients
characterized by no visible collaterals, complete occlusion of the cul-
prit coronary artery at the time of admission and a large myocardial
area at risk.

For instance, when analysis was performed on STEMI patients with
LAD occlusion and Final TIMI 3 flow, ventricular arrhythmia burst
could be detected in a very large proportion of the patients (51%).%"

Study limitations

Limitations inherent to the retrospective nature of our study must be
acknowledged. First, although analyses were conducted in a pro-
spective and homogenous anterior STEMI population, these analyses
were not prespecified in the CIRCUS protocol and should therefore
be considered as post hoc analysis. Second, the trial was not stratified
on morphine use and dose of morphine along with corresponding
analogic pain scale evaluation were not recorded. Of note, cyclospor-
ine was equally administered amongst two groups removing potential
bias from further analysis and even though the CIRCUS trial showed
no overall better clinical outcomes for the cyclosporine group. Third,
the delivery of external cardioversion during VF may lead to increase
cardiac enzyme levels and may have led to an artefactual



Table 6

Predictors of VT/VF

Binomial logistic regression analysis

Multinomial logistic regression analysis

Univariate analysis Multivariate analysis Acute Delayed
OR (95% Cl) P-value OR(95%Cl) P-value OR(95%Cl) P-value OR(95%Cl) P-value
Age 0.98 (0.97-1) 0.012  0.99(0.97-1.0) 0100 0.98(0.96-1.0) 0.023 0.99 (0.97-1.02) 0.534
Male sex 1.66 (0.96-2.87)  0.068 149 (0.85-2.61) 0.162  1.11(0.58-2.13) 0.761 179 (0.74-4.31) 0.193
Current smoking 121(0.83-1.76)  0.329
Hypertension 0.73 (0.49-1.1) 0.13
Diabetes mellitus 0.53(0.26-1.06) 0071  0.61(0.30-1.23) 0.170 0.60 (0.25-1.44) 0.256 0.52 (0.18-1.48) 0.221
Dyslipidaemia 1 (0.68-1.49) 0.988
BMI 1.01 (0.96-1.05)  0.766
Previous myocardial infarction 129 (0.58-2.89)  0.532
Post-PCI EF 1(0.98-1.02) 0.782

Total ischaemic time 0.93 (0.85-1.01)  0.066

Medial or distal segment or 0.98 (0.67-1.45) 0.937
diagonal branch

3-vessel disease

Killip class > 2 at 6 h post-PCl

TIMI flow grade before PCI (ref. 0)

06 (0.31-1.18)  0.141
081(041-16) 0544

1 0.56 (0.29-1.12) 0.1

2 1.13 (0.5-2.54) 0.773

3 1.14 (0.25-5.25)  0.864
TIMI flow grade after PCI (ref. 0)

1 2.08 (0.11-40.73)  0.628

2 348 (0.37-32.41) 0274

3 2.32(0.27-19.64) 044

Thrombus aspiration 1.34 (0.82-2.2) 0.243
0.88 (0.48-1.6) 0.676

124 (0.81-1.89)  0.321

Stenting

ST-segment resolution >70%
(at discharge)

Leukocyte HO

Time from symptom onset to

1(0.98-1.03) 0.756
0.94 (0.88-1.01)  0.078
hospital arrival
Morphine 177 (1.17-2.68)  0.007

Glycoprotein lIb/llla inhibitor 1.10 (0.73-1.66)  0.643

1.71(1.13-2.60)  0.012

224 (1.33-3.76) 0.002 158 (0.89-2.79) 0.019

overestimation of enzymatic infarct size. Finally, in this retrospective
analysis, the precise timing of arrhythmic events with respect to the
achievement of reperfusion (before or after PCl) could not be
defined. We fully recognize that arrhythmic events occurring before
reperfusion could represent a distinct pathophysiological pattern.
However, because optimal reperfusion by PCI (achievement of TIMI
3 flow) did not always translate into optimal myocardial perfusion
(absence of no reflow phenomenon), early and delayed VT/VF were
stratified according to their onset (<24 h) and not according to the
end of the PCl procedure.

A total of 552 (57.2%) patients received morphine at first med-
ical contact in the CIRCUS trial. We recognize that this propor-
tion is higher than previously reported (around 30%).** According
to ACCF/AHA and ESC guidelines, intravenous morphine is gen-
erally recommended in STEMI patients when chest pain is unre-
sponsive to nitrates. Whereas no definite explanations could be

provided, we believe that the specific inclusion criteria of the
CIRCUS trial have led to the enrolment of ‘painful’ patients.
Specifically, the enrolment was limited to (i) patients with a total
occlusion of the LAD and (i) without any collateral flow.
Unfortunately, data regarding morphine doses were not available
in the CIRCUS database. Owing to these numerous limitations,
the link between morphine and VT/VF burden should only be
considered as ‘hypothesis generating’.

Conclusion

VT/VF occurred in a sizeable proportion (14.1%) of anterior STEMI
patients with abrupt LAD occlusion and lack of collateral flow.
Ventricular arrhythmia within 48 h in acute anterior myocardial in-
farction was more frequent in patients treated by morphine. No
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Figure 2 Determinants of acute and delayed VT/VF in anterior
STEMI patients treated by PCI.

relationship between VT/VF occurrence and late adverse events
could be established.
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