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Risk Factors of In-Hospital Lethal Arrhythmia Following
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Background: Lethal arrhythmias including ventricular tachycardia and fibrillation (VT/VF) are common complications of acute
myocardial infarction (AMI). Predictors of in-hospital VT/VF after AMI, however, have not been thoroughly investigated. In this study,
we sought to elucidate the predictors of in-hospital VT/VF events after AMI in the Japanese registry of acute Myocardial INfarction
diagnosed by Universal dEfiniTion (J-MINUET).

Methods and Results: In-hospital VT/VF was defined as a hemodynamically unstable VT or VF in the first week of hospitalization,
on which the patients were classified as the VT/VF group. Of the patients in the J-MINUET study, 3,175 were finally enrolled in this
study. A total of 114 patients had VT/VF. On multivariate logistic analysis, maximum creatine kinase >3,000 IU/L (adjusted OR, 1.67;
95% CI: 1.085-2.572; P=0.02), Killip class Ill or IV (adjusted OR, 8.93; 95% CI: 5.668—-14.082; P<0.0001), initial Thrombolysis in
Myocardial Infarction (TIMI) flow grade 0 or 1 (adjusted OR, 1.67; 95% CI: 1.035-2.709; P=0.03), and concomitant chronic kidney
disease (CKD; adjusted OR, 1.80; 95% CI: 1.105-2.938; P=0.02) were identified as independent predictors for in-hospital VT/VF.

Conclusions: From the J-MINUET study, extensive myocardial damage, cardiogenic shock, lower grade initial TIMI flow on coronary
angiography, and concomitant CKD were independent predictors of in-hospital VT/VF after AMI.
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threating disease.!2 Although primary percutaneous
coronary intervention (PCI) is now carried out as
first-line therapy, arrhythmias including ventricular tachy-
cardia and fibrillation (VT/VF) after AMI are still lethal
major complications even after successful primary PCIL.3

!- cute myocardial infarction (AMI) is still a life-

Predictive factors for lethal arrhythmia after primary PCI
for AMI, however, remain undetermined.

In this study, we elucidated the predictors of in-hospital
VT/VF events following during hospitalization for primary
PCI using the Japanese registry of acute Myocardial
INfarction diagnosed by Universal dEfiniTion (J-MINUET),
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AMI patients in J-MINUET (n = 3,283)

Exclusion

v Unavailable of VT/VF data (n = 97)
v VT/VT occurred after one week (n = 11)

Enrolled in this study (n = 3,175)

VT/VF group (n = 114)

Non-VT/VF group (n = 3,061)

Figure. Subject selection. AMI, acute myocardial infarction; J-MINUET, Japanese registry of acute Myocardial INfarction
diagnosed by Universal dEfiniTion; VF, ventricular fibrillation; VT, ventricular tachycardia.

a multicenter registry of Japanese patients with AMI.4

Methods

Subjects

The J-MINUET study is a prospective, observational multi-
center registry of Japanese patients hospitalized for AMI
as diagnosed by the universal definition (UMIN000010037).4
A total of 3,283 consecutive patients who were admitted
<48 after onset of AMI at 28 Japanese medical institutions
during July 2012 through March 2014 were enrolled in that
study. AMI diagnosis was based on the ESC/ACCF/AHA/
World Heart Federation Task Force for the Universal
Definition of Myocardial Infarction.’ This registry included
only type 1 (spontaneous myocardial infarction [MI] related
to ischemia from a primary coronary event) and type 2 [MI
secondary to ischemia due to either increased oxygen
demand or decreased oxygen supply). In addition, AMI was
diagnosed as an increase in cardiac biomarkers (preferred:
troponin) with at least 1 value above the 99th percentile of
the upper reference limit, together with the evidence of
myocardial ischemia with at least one of the following:
symptoms of ischemia, electrocardiogram changes indica-
tive of new ischemia or development of pathological Q
waves, and imaging evidence of a new loss of viable

myocardium or new regional wall motion abnormalities.

All patients were divided into 2 groups based on the
incidence of lethal arrhythmia in the acute phase: the VT/
VF or the non-VT/VF groups. Lethal arrhythmia in the
acute phase was defined as sustained VT or VF requiring
defibrillation or cardiopulmonary resuscitation <1 week
after the onset of AMI during hospitalization, consistent
with a previous study.® To elucidate the predictors of in-
hospital VT/VF, the patient characteristics, comorbidities,
clinical manifestations, and coronary angiography were
compared between the 2 groups. Most laboratory data
were measured at admission. Frequency and time interval
of creatine kinase (CK) measurement were not prespecified
but left to the physician’s decision. This study was con-
ducted in accordance with the Declaration of Helsinki and
this protocol was approved by the ethics committees of
every participating institution.

Statistical Analysis

Statistical analysis was performed using JMP 13 (SAS
Institute, Cary, NC, USA). Continuous variables were
compared using the Mann-Whitney U-test when applicable.
Data are presented as median (IQR). Dichotomous vari-
ables are presented as percentages and were compared
using the chi-squared test. Multivariate logistic regression
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Predictors of In-Hospital VI/VF After AMI

Age (years) 69 (61-78)
Male 2,391 (75)
Presenting characteristics

HR (beats/min) 77 (65-90)
SBP (mmHg) 139 (118-160)
LVEF (%) 50 (40-59)
STEMI 2,184 (69)
Preconditioning 1,043 (38)
Onset to admission <6h 2,338 (74)
DTB time <90 min 1,533 (64)
LDL-C/HDL-C ratio 2.5(1.9-3.3)
Blood sugar (mg/dL) 150 (121-150)
Serum potassium (mEg/L) 0(3.74.4)
eGFR (mL/min/1.73m2) 64.7 (48.1-81.2)
Maximum CK (IU/L) 1,431 (502-3,149)
Killip class

| 2,379 (76)

Il 296 (9)

Il 172 (5)

1\ 308 (10)

Table 1. Clinical Patient Background on Admission (n=3,175)

19
Angiography
Culprit vessel
Left main 53 (2)
Left anterior descending 1,132 (36)
Left circumflex 352 (11)
Right coronary 997 (31)
Multi-vessel 1,289 (44)
Initial TIMI flow
Grade 0 1,462 (50)
Grade | 311 (10)
Grade Il 496 (17)
Grade llI 659 (23)
Underlying disease
IHD 531 (17)
CKD (grades 3-5) 1,419 (45)
Hypertension 2,098 (67)
Diabetes mellitus 1,129 (36)
Dyslipidemia 1,633 (52)
Prescription
ARB/ACEI 990 (31)
B-blockers 453 (14)
CCB 1,088 (34)
Statins 735 (23)

Data given as n (%) or median (IQR). ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor
blockers; CCB, calcium-channel blockers; CK, creatine kinase; CKD, chronic kidney disease; DTB, door to balloon;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; IHD, ischemic
heart disease; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; SBP, systolic blood
pressure; STEMI, ST-segment elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

analysis with a stepwise method, using parameters that
were significantly different on univariate analysis, was used
to identify independent factors to predict in-hospital
VT/VF, while some factors with potential confounding
were excluded. P<0.05 was considered to be statistically
significant.

Results

Patient Characteristics

A total of 3,283 patients were assigned in the -MINUET
study. One hundred and eight patients were excluded
because VI/VF data were unavailable (n=97) or lethal
arrhythmia occurred after 1 week (n=11), after which 3,175
patients were finally enrolled in this study (Figure). The
median age was 69 years, and 25% were female. Table 1
lists patient clinical background and the characteristics of
AMI in this study. In-hospital VT/VF events were observed
in 114 patients (VT/VF group), which was 3.7% of the total
enrolled patients (the others were defined as the non-VT/
VF group; n=3,061).

Patient Characteristics vs. VT/VF Status

Table 2 lists the patient characteristics and the details of
clinical manifestation on admission in both groups. The
VT/VF group had higher heart rate (HR; P<0.0001), and
lower systolic blood pressure (SBP) compared with the
non-VT/VF group. The VI/VF group had fewer prior
chest pain symptoms, and shorter transfer time from onset
to admission compared with the non-VT/VF group. The
patients in the VI/VF group had a higher prevalence of

ST-segment elevation MI (STEMI), and a higher severity
Killip classification compared with the non-VT/VF group,
which also suggests that the VI/VF group had a more
severe condition on admission.

With regard to laboratory data, the VI/VF group also
had higher blood sugar on admission, lower estimated
glomerular filtration rate (¢GFR), and a higher proportion
of maximum CK compared with the non-VT/VF group.
Table 3 lists the comorbidities and prior medication for the
2 groups. The VT/VF group had a higher prevalence of
comorbidity of chronic kidney disease (CKD; grade 3-5).
There were no significant differences in any of the prior
medications between the 2 groups. Table 4 summarizes
the angiography data. The VI/VF group had a higher
prevalence of left main trunk stenosis, multi-vessel coronary
stenosis, and initial Thrombolysis in Myocardial Infarction
(TIMI) flow grade 0 or 1 compared with the non-VT/VF
group, suggesting that the VI/VF group had more severe
or more complex lesions.

Multivariate Analysis

Table 5 lists the results of the multivariate logistic analysis
with stepwise analysis of clinical parameters that were
significantly different on univariate analysis. HR, SBP, and
eGFR, however, were excluded from the multivariate
analysis because these factors may have multiple collinearity
or be clinically related. Consequently, a shorter time from
the onset of symptom to arrival <6h, maximum CK
>3,000IU/L, higher severity Killip classification on admis-
sion, initial TIMI flow grade 0 or 1, and concomitant CKD
were identified as independent factors for VI/VF. A total
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Table 2. Clinical Patient Background and AMI

Age
Male
Presenting characteristics
HR (beats/min)
SBP (mmHg)
LVEF (%)
STEMI
Preconditioning
Onset to admission <6h

Door to balloon time <90 min

LDL-C/HDL-C ratio

Blood sugar (mg/dL)
Serum potassium (mEq/L)
eGFR (mL/min/1.73m?)
Maximum CK (IU/L)
Maximum CK >3,000 IU/L
Killip class Il or IV

VT/VF group
(n=114)

70 (60-79)
89 (78)

97 (73-111)
118 (94-156)
48.2 (40.3-57.0)
93 (82)
28 (25)
102 (89)
62 (54)
4(1.9-3.2)
206 (145-287)
1 (3.6-4.6)
49.69 (38.10-65.17)
3,293 (1,404-7,585)
60 (53)
74 (65)

Non-VT/VF group
(n=3,061)

69 (61-78)
2,301 (75)

77 (65-90)
139 (119-160)
50.0 (40.0-59.0)
2,093 (68)

1,014 (33)
2,235 (73)
1,470 (48)

2.5(1.9-3.3)

149 (120-200)

0 (3.7-4.4)

65.39 (48.60-81.63)
1,392 (493-3,070)
795 (26)
401 (13)

P-value

0.94
0.48

<0.0001*
<0.0001*
0.45
0.0028*
0.03*
<0.0001*
0.07
0.27
<0.0001*
0.48
<0.0001*
<0.0001*
<0.0001*
<0.0001*

Data given as n (%) or median (IQR). *P<0.05. AMI, acute myocardial infarction; VF, ventricular fibrillation; VT,
ventricular tachycardia. Other abbreviations as in Table 1.

Table 3. Underlying Disease and Medication
VT{XI:.'%:‘(;up Non(XI:I;\,l(reg;'oup P-value
Underlying disease
Ischemic heart disease 22 (19) 510 (17) 0.46
CKD (grade 3-5) 82 (72) 1,335 (44) <0.0001*
Hypertension 69 (61) 2,033 (66) 0.25
Diabetes mellitus 41 (36) 1,084 (35) 0.86
Dyslipidemia 51 (45) 1,585 (52) 0.22
Prior medications
ARB/ACEI 37 (32) 956 (31) 0.78
B-blockers 18 (16) 434 (14) 0.63
CCB 34 (30) 1,056 (34) 0.30
Statins 30 (26) 704 (23) 0.43
Data given as n (%). *P<0.05. Abbreviations as in Tables 1,2.
Table 4. Angiography Parameters in Patients With AMI
VTQ\IL%IZ;up Non(:\ll’é\,lgsgj;oup P-value
Angiography parameters
Culprit vessel
Left main 11 (10) 42 (1) <0.0001*
Left anterior descending 36 (32) 1,093 (36) 0.37
Left circumflex 9 (8) 343 (11) 0.27
Right coronary 35 (31) 943 (31) 0.98
Multi-vessel 62 (54) 1,224 (40) 0.0052*
Initial TIMI flow
Grade O or | 82 (72) 1,687 (55) 0.0008*
Final TIMI flow
Grade O or | 6 (5) 76 (2) 0.14

Data given as n (%). *P<0.05. Abbreviations as in Tables 1,2.
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Table 5. Multivariate Indicators of VT/VF After AMI (Age, Gender Adjusted)
Wald Chi-squared OR (95% CI) P-value

Age 1.32 0.98 (0.972-1.008) 0.25

Gender 0.60 1.23 (0.732—-2.052) 0.44

Onset to admission <6h 4.97 2.05 (1.091-3.837) 0.03*

Maximum CK >3,0001U/L 5.43 1.67 (1.085-2.572) 0.02*

Killip class Ill or IV 88.95 8.93 (5.668-14.082) <0.0001*

Initial TIMI flow 0 or 1 4.41 1.67 (1.035-2.709) 0.03*

CKD (grade 3-5) 5.57 1.80 (1.105-2.938) 0.02*

*P<0.05. Abbreviations as in Tables 1,2.

of 123 of the present patients (4%) had all 4 risk factors.

Discussion

In this multicenter Japanese registry, we identified the
following factors to predict in-hospital VI/VF in the acute
phase on univariate analysis: faster HR, decreased SBP,
lower prevalence of preceding symptom of chest pain,
shorter time from onset to admission, STEMI, multi-vessel
coronary stenosis, initial TIMI flow grade 0 or 1, concomi-
tant CKD, hyperglycemia on admission, and higher maxi-
mum CK. On multivariate analysis, shorter time from
onset to hospital arrival <6 h, maximum CK >3,000IU/L,
higher severity Killip classification on admission, initial
TIMI flow grade 0 or 1, and concomitant CKD were
independent risk factors for in-hospital VI/VF in the AMI
patients undergoing primary PCI in Japan.

Incidence and Predictors of Lethal Arrhythmia After AMI

The incidence of these lethal arrhythmias has been decreasing
since primary PCI became the standard therapy for AMI,”
but they remain a fatal complication. In the PAMI trial
and the HORIZONS-AMI trial performed in the USA, the
incidences of in-hospital VI/VF were 4.3% and 5.2%,
respectively,?® which is relatively consistent with the present
study (3.6%). According to the predictive factors for in-
hospital VT/VF, these trials identified several independent
factors: lack of pre-procedural S-blockers or angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers
(ACEI/ARB) on admission, time from symptom onset to
emergency room <180 min, initial TIMI flow grade 0, and
right coronary artery-related infarction, and Killip class
>1.89 Similar to these reports, shorter time from symptom
onset to admission, lower grade of initial TIMI flow grade,
and worse grade of Killip class were also independent risk
factors for in-hospital VI/VF in the present study. In
addition, higher CK and concomitant CKD were also
extracted as independent risk factors in this study. Although
the indicated risk factors were slightly different from these
previous studies, presumably because of the difference in
patient characteristics, it is reasonable that the factors
associated with more severe hemodynamic condition or
severe angiography findings predict in-hospital VI/VF in
the acute phase after PCI. Also, the aforementioned papers
were reported from Europe and the USA, and there are
few reports from Japan. It is of importance to evaluate the
predictors of events in the Japanese population. Further-
more, in the previous studies, the definition of arrhythmia
events included non-fatal non-sustained VT. The present
study, however, focused on lethal arrhythmia requiring
intervention. And concomitant CKD was an independent

predictor of in-hospital VT/VF in this study, which has not
been reported previously.

Mechanism of Occurrence of Lethal Arrhythmia in AMI
Local ischemia causes local impairment of the sympathetic
nerve fibers, resulting in non-uniform sympathetic dener-
vation.!® Increased sympathetic tone after AMI and isch-
emia itself lead to shortened electrical refractory periods in
injured myocardium. This spatially non-uniform electrical
disturbance between injured and normal myocardium
causes reentrant VI/VF. With regard to other mechanisms,
catecholamine sensitivity is increased in the area surrounding
the infarcted myocardium due to upregulation of the
catecholamine receptors after ischemic damage.!! These
sites are prone to an increased automaticity, which also
causes the ventricular ectopic beats preceding VI/VF. Also,
the injured myocardium has impaired calcium cycling at a
cellular level, which causes delayed afterdepolarization
followed by triggered activity.!? In addition to the afore-
mentioned mechanisms, left ventricular volume overload
has been suggested to increase the spatial electrical disper-
sion between the abnormal and normal myocardium.!3.14
Furthermore, the stretch-activated channels triggered by
the extensive myocardial injury also cause the triggered
activity.!* The factors of maximum CK >3,000IU/L or
higher severity Killip classification identified as the VI/VF
predictors in this study. These factor are basically related
with a low cardiac function on the extensive AMI. There-
fore, it is reasonable that the patients with higher CK or
higher severity Killip class tend to be prone to the lethal
arrhythmia.

In the other J-MINUET substudy, Hashimoto et al
reported that a lower serum eicosapentaenoic acid/arachi-
donic acid ratio is associated with a higher prevalence of
lethal arrhythmia in the early phase of AMI. The theoretical
anti-arrhythmia mechanism of n-3 polyunsaturated fatty
acids provides electrical stabilization of the sodium and
calcium ion channels in the sarcolemma,!> which may
prevent arrhythmias arising in the ischemic zone. Therefore,
not only direct injury or mechanical stress by the myocardial
ischemia/infarction, but also the patient’s intrinsic vulner-
ability to the lethal arrhythmia might be associated with
the occurrence of VI/VT in the acute phase after AMI.

Reperfusion Arrhythmia After Myocardial Hypoperfusion

Patients with VT/VF have been reported to have a higher
prevalence of TIMI grade 0 flow before PCI, whereas TIMI
grade 3 is an independent predictor of better outcome.!¢ In
animal experiments, the severity of ischemia was associated
with the prevalence of reperfusion arrhythmia.l” Although
immediate reperfusion is crucial to rescue the ischemic
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penumbra of myocardium, it also promotes the rate of
formation of free radicals. The amount of free radicals is
correlated with the area under hypoperfusion.!®1® The
present finding that the patients with severe ischemia
(TIMI 0 or 1) were prone to VI/VF may be related to the
reperfusion injury and increased free radicals after PCI.

CKD and Lethal Arrhythmia

Stack and Bloembergen found that coronary artery disease
patients with CKD have a higher mortality rate than those
without CKD.? In the present study, concomitant CKD
was identified as a predictor of in-hospital lethal arrhythmia
in the AMI patients after PCI. CKD patients also have a
higher incidence of lethal arrhythmia than those without
CKD, irrespective of the presence of ischemic heart disease,
and the occurrence rate of lethal arrhythmia increases as
eGFR decreases.?! Several possible reasons for why AMI
patients with CKD are prone to VI/VF incidence, are as
follows: reduced myocardial calcium ion homeostasis,?
excessive sympathetic nerve activity,?? resting membrane
potential, and repolarization process abnormalities due to
hyperkalemia or hypokalemia at the cellular level.2*25
Although serum potassium was not significantly different
between the present groups, other factors may have been
related to the occurrence of VI/VF in the patients with
CKD.

Time From AMI Onset to Admission

A paradoxical observation in the present study was the
relationship between occurrence of lethal arrhythmia and
a shorter period from the onset of AMI to arrival at
hospital. In general, a shorter time from onset to revascu-
larization in patients with AMI is a predictor of better
outcome.?¢ Lethal arrhythmias occur immediately after the
onset of AMI, which is the main cause of early-phase
cardiopulmonary arrest. With the development of pre-
hospital services, however, such as ambulances and non-
transporting emergency medical services vehicles in Japan,
an increasing number of patients are being transported to
hospitals in a shorter period. Similar results were reported
in the Japanese OACIS study: that is, patients with acute-
phase VT/VF after primary PCI had a shorter time from
onset of symptom to hospital arrival <6 h.¢ Therefore, the
patients with a hemodynamically unstable or more severe
condition, such as cardiopulmonary arrest, may be quickly
transferred to PCI sites. In addition, the patients who died
of sustained lethal arrhythmias during transport to hospital
or in emergency rooms were excluded from the registry,
which poses a selection bias in this present study.

Study Limitations

The present investigation had several limitations. First,
this study was a sub-analysis and retrospective study with
a limited number of patients, therefore, this research may
be influenced by biases and confounding factors. Second,
given that this study was a post-hoc analysis, it was unclear
when the lethal arrhythmia occurred: that is, immediately
after admission, before revascularization, after revascular-
ization, or during reperfusion with PCI, although they did
all occur <1 week after the onset of AMI. Third, other
ventricular events such as premature ventricular contraction
or non-fatal non-sustained VT, which might be related to
future lethal arrhythmia, could not be evaluated because
of a lack of these data in this retrospective study. Although
VT/VF during revascularization is more common,?’ it is

important that the risk in the early phase of hospitalization
should be clarified. Further prospective studies are neces-
sary to evaluate the predictors in detail.

Conclusions

In the J-MINUET registry, extensive myocardial damage,
worse Killip classification, lower grade initial TIMI flow
and concomitant CKD were independent predictors of in-
hospital lethal arrhythmia in patients with AMI after PCI.
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