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Background—Knowledge about the incidence of cardiac arrhythmias after acute myocardial infarction has been limited
by the lack of traditional ECG recording systems to document and confirm asymptomatic and symptomatic arrhythmias.
The Cardiac Arrhythmias and Risk Stratification After Myocardial Infarction (CARISMA) trial was designed to study
the incidence and prognostic significance of arrhythmias documented by an implantable cardiac monitor among patients
with acute myocardial infarction and reduced left ventricular ejection fraction.

Methods and Results—A total of 1393 of 5869 patients (24%) screened in the acute phase (3 to 21 days) of an acute myocardial
infarction had left ventricular ejection fraction �40%. After exclusions, 297 patients (21%) (mean�SD age, 64.0�11.0 years;
left ventricular ejection fraction, 31�7%) received an implantable cardiac monitor within 11�5 days of the acute myocardial
infarction and were followed up every 3 months for an average of 1.9�0.5 years. Predefined bradyarrhythmias and
tachyarrhythmias were recorded in 137 patients (46%); 86% of these were asymptomatic. The implantable cardiac monitor
documented a 28% incidence of new-onset atrial fibrillation with fast ventricular response (�125 bpm), a 13% incidence of
nonsustained ventricular tachycardia (�16 beats), a 10% incidence of high-degree atrioventricular block (�30 bpm lasting
�8 seconds), a 7% incidence of sinus bradycardia (�30 bpm lasting �8 seconds), a 5% incidence of sinus arrest (�5
seconds), a 3% incidence of sustained ventricular tachycardia, and a 3% incidence of ventricular fibrillation. Cox regression
analysis with time-dependent covariates revealed that high-degree atrioventricular block was the most powerful predictor of
cardiac death (hazard ratio, 6.75; 95% confidence interval, 2.55 to 17.84; P�0.001).

Conclusions—This is the first study to report on long-term cardiac arrhythmias recorded by an implantable loop recorder in
patients with left ventricular ejection fraction �40% after myocardial infarction. Clinically significant bradyarrhythmias and
tachyarrhythmias were documented in a substantial proportion of patients with depressed left ventricular ejection fraction after
acute myocardial infarction. Intermittent high-degree atrioventricular block was associated with a very high risk of cardiac death.

Clinical Trial Registration—URL: http://www.ClinicalTrials.gov, Unique identifier: NCT00145119.
(Circulation. 2010;121:1258-1264.)
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Approximately 10% to 15% of acute myocardial infarction
(AMI) survivors with depressed left ventricular function

die within the first 2 years after the AMI.1–5 About 80% of
deaths in population are cardiac, half of which are sudden6 and

are often attributed to bradyarrhythmias or ventricular
tachyarrhythmias, especially in patients with heart failure.2–5,7

Previous studies among patients with implantable devices sug-
gest, however, that a large proportion of deaths defined as
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sudden are not due to cardiac arrhythmias and those defined as
nonsudden deaths may in fact be due to cardiac arrhythmias,8,9

highlighting the disparity between clinical arrhythmic event
definitions and occurrence of true cardiac arrhythmias.

Editorial see p 1255
Clinical Perspective on p 1264

Documentation of cardiac arrhythmias after survival of
AMI has been limited by the reporting tools used to document
and confirm asymptomatic and symptomatic arrhythmias
such as telemetry and Holter recordings performed during
hospitalization.10,11 Outside the acute phase of the AMI,
documentation comes from 24- to 48-hour Holter recordings
obtained at randomly selected intervals,12–14 leaving large
gaps in the temporal knowledge of arrhythmia incidence in
these patients. Prospective studies using long-term ECG
monitoring in consecutive patients surviving AMI have not
been performed.

The implantable cardiac monitor (ICM), implemented with
automatic detection of arrhythmias, allows detection, quanti-
fication, and documentation of arrhythmic events during a
prolonged monitoring that extends to 18 to 24 months.
Current clinical use and research with ECG loop recorders
have focused mostly on symptomatic patients with syncope.
The Cardiac Arrhythmias and Risk Stratification After Myo-
cardial Infarction (CARISMA) trial was a multicenter obser-
vational study in which patients with left ventricular ejection
fraction (LVEF) �40% were enrolled after AMI and received
an ICM within 21 days after the AMI. This report documents
the incidence and the prognostic significance of cardiac
arrhythmias obtained from the ICM. The predictive value of
electrophysiological testing and noninvasive screening tests
performed in this study have been reported elsewhere.15

Methods
Study Population and Protocol
A total of 5869 patients were screened in the acute phase of an AMI
(2 to 5 days after the event) in 10 European centers between August
2001 and November 2004. The inclusion and exclusion criteria have
been described earlier.15 Of the 1393 patients (24%) with an ECG
and enzyme-defined AMI screened with an LVEF �40%, 312
patients were enrolled in the study, corresponding to 22% of the
patients fulfilling the inclusion criteria. Major exclusions were
refusal of the patient or the attending physician treating the patient
for participation in the study (n�380), inability of the patient to
participate in the study because of other serious illness (n�312),
planned coronary bypass graft surgery (n�184), or death (n�89). A
total of 297 patients were implanted with the ECG loop recorder and
are included in this analysis. The patients were followed up for 2
years after the AMI with clinical visits at 3-month intervals. The
appropriate ethics review boards approved the protocol, and the
study was conducted in accordance with the Declaration of Helsinki.

Echocardiography
Screening echocardiograms performed 3 to 5 days after MI were
evaluated either by LVEF or from an assessment of wall motion
index as described previously.16 Patients with AMI were eligible
when the wall motion index was reported to be �1.3 or with a
corresponding LVEF of �0.40.

Implantation and Programming of the ICM
This study used an implantable loop recorder for cardiac ECG moni-
toring. The Reveal Plus 9526 (Medtronic Inc, Minneapolis, Minn)

implantable loop recorder is an 8-cm3, 17-g, subcutaneously implant-
able device designed to continuously monitor the ECG for up to 2 years.
Storage of the ECG can be initiated manually or is triggered automat-
ically when arrhythmic events fulfill preprogrammed cutoff criteria. The
device was implanted subcutaneously with local anesthesia in the left
parasternal area 5 to 21 days after the AMI and programmed as
described earlier.17 The programmed criteria for automatic arrhythmia
storage correspond to the following situations: sinus bradycardia �30
bpm for �8 seconds, sinus arrest with pauses �5 seconds, and
high-degree atrioventricular (AV) block (second- to third-degree AV
block) �30 bpm lasting �8 seconds. Tachycardia was defined as a heart
rate �125 bpm for �16 beats. Sustained ventricular tachycardia (VT)
was defined as lasting �30 seconds.

A maximum of 13 automatically recorded events with 1 minute of
preactivation and 1 minute of postactivation ECG storage and 1
patient-activated event with 12 minutes of preactivation and 2 minutes
of postactivation ECG storage were stored in the device memory.
Because of memory limitations, if �13 events were recorded, only the
final 13 events were kept in the memory. The reliability of these settings
in arrhythmia detection was confirmed in a pilot study.17 The limitations
of implantable loop recorder device are described in detail in the
Limitations section below. During follow-up, the memory of the loop
recorder was interrogated first at 6 weeks after implantation and
thereafter at 3-month intervals. The sensitivity of arrhythmia detection
was adjusted individually according to the number of false events
observed at each visit. Each stored episode was initially interpreted
locally by the investigator. After study closure, all qualified arrhythmias
were reinterpreted centrally by a member of the steering committee who
was blinded to the outcome.

During the study, several patients were implanted with other
cardiac devices; 56 patients received an implantable cardioverter-
defibrillator (ICD), 11 because of secondary prophylactic indications
and 45 for primary prophylactic indications after the implementation
of the Multicenter Automatic Defibrillator Implantation Trial (MADIT)
during the study period. In addition, 15 patients received a pace-
maker because of symptomatic bradyarrhythmias. Subsequently, the
ICM was explanted in these patients.

End Points
The end points used in the analysis were cardiac death and all-cause
mortality. These end points were adjudicated by the treating inves-
tigator and later submitted to a consensus adjudication by the
5-member end-point committee with information on circumstances
such as recurrent AMI, heart failure and arrhythmic death, autopsy
reports, device interrogation (ICM, ICD, pacemaker), Holter record-
ing or telemetry strip, and hospital discharge documentation. A
modified Cardiac Arrhythmia Suppression Trial (CAST) classifica-
tion was applied to establish categories of mode of death.18 Death
was presumed cardiac if there was no specific evidence of noncar-
diac death. Cardiac death was classified as caused by myocardial
reinfarction if ST-segment deviation was present on 12-lead ECG in
�1 neighboring lead and the patient complained of chest pain.
Cardiac enzymes were not considered part of the classification.

Cardiac death was considered arrhythmic if sudden onset of
bradyarrhythmia or ventricular tachyarrhythmias was documented
by the ICM or by 12-lead ECG in relation to the death event. In 1
case, the ICM was malfunctioning during death, but death was
witnessed as sudden. In this case, death was also considered
arrhythmic. If no arrhythmia was recorded on a functioning ICM,
death was considered nonsudden. In 6 instances, the device either
was not interrogated (n�3) or was not working properly (n�3).
These deaths were all witnessed nonarrhythmic deaths.

Statistical Analysis
Comparison of baseline characteristics of patients with and without
cardiac death was performed with t tests for continuous variables and
�2 statistics for categorical variables. Univariate and multivariate
comparisons of the baseline characteristics and arrhythmia incidence
in predicting end points were performed with Cox proportional-
hazard regression models. The risk of development of the end points
attributable to each adjudicated arrhythmia was tested, first univar-
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iately and then adjusted with the strata option in the PHREG
procedure. Stratification was performed for prespecified baseline
variables that were thought to be of high importance: age �70 years,
previous MI, and QRS �120 milliseconds. The time to the devel-
opment of the end point was estimated with the Kaplan-Meier
method, and the unadjusted statistical significance was estimated by
the log-rank test. All ICM-documented arrhythmias were treated as
time-dependent covariates, with the index AMI as the time of origin.
For descriptive purposes, all arrhythmias were included, whereas
only arrhythmias occurring up to 24 hours before the end point were
included in the prognostic analyses. All analyses were performed
with SAS version 9.1.3 (SAS Institute, Inc, Cary, NC). Two-sided P
values �0.05 were considered significant. The examination and
statistical analyses were performed independently of the sponsor.

Results
Incidence of Arrhythmias
During a median follow-up of 2.0 years (upper to lower quartile,
2.0 to 2.1 years), at least one of the prespecified arrhythmias was
documented in 137 patients (46%; Table 1). Of the 885 arrhyth-
mias documented by the ICM, 86% were asymptomatic.

Figure 1A shows time to first bradyarrhythmia. At least 1
such event was documented in 17% of the patients. Sinus arrest
was present in 16 patients (5%) and was symptomatic in 3
patients. Twenty patients (7%) experienced sinus bradycardia; 4
patients were symptomatic. High-degree AV block was docu-
mented in 29 patients (10%), 8 of whom had symptoms at the
time of the event. The total number of high-degree AV block
episodes was 124, corresponding to 14% of all arrhythmias, with
48 events (39%) occurring during the daytime (7 AM to 11 PM),
but only 20 (42%) were symptomatic (Figure 2A). All brady-
cardias were more frequent during nighttime.

Figure 1B shows time to first tachyarrhythmic event. In
contrast to the bradyarrhythmias, tachyarrhythmic events
were equally circadially distributed. New onset of atrial
fibrillation (AF) with a ventricular response �125 bpm was
documented in 82 patients (27%). Of all episodes of AF, 88%
were asymptomatic. Sixty-four episodes of nonsustained VT
(�16 beats) were detected in 39 patients (13%), 92% being
asymptomatic and without identifiable circadian preference.
There were 20 sustained VT events in 9 patients with 1 fatal

episode. Five of the 9 patients never experienced symptoms
even though 4 of the 5 patients had events during the daytime.
The remaining 4 patients had 9 symptomatic episodes of VT
occurring during the daytime. Ventricular fibrillation (VF)
was nonfatal in 3 patients: 2 patients were resuscitated and 1
event was self-terminating (Figure 2B). Sustained VT or VF
documented on the implantable loop recorder resulted in 9 of
11 ICD implantations for secondary prevention.

Predictive Value of Documented Arrhythmias
Thirty-six patients (12%) died during the follow-up. Twenty-
seven deaths were adjudicated as cardiac deaths; 13 were
arrhythmic deaths; 10 were due to advanced heart failure; and
4 were caused by reinfarction. The clinical characteristics by
outcome are presented in Table 2. Patients with cardiac death
were older; more frequently had a history of MI, heart failure,
diabetes mellitus, or a wide QRS �120 milliseconds at
enrollment; and had a lower proportion of Q-wave infarction.
There were 65 patients in New York Heart Association class
I at enrollment; none of these patients died of cardiac causes.

Tables 3 and 4 show the hazard ratios (HRs) and 95%
confidence intervals (CIs) calculated from ICM-recorded
arrhythmia up to 1 day before cardiac death or all-cause
mortality in univariate analysis and after adjustments for
significant baseline covariates. High-degree AV block and
sinus bradycardia remained as independent predictors of

Table 1. Incidence of Cardiac Arrhythmias Recorded by the ICM

Arrhythmia
Patients,

n (Incidence, %)
Events,

n

Sinus bradycardia (�30 bpm, �8 beats) 20 (6.7) 111

Sinus arrest (�5 s) 16 (5.4) 23

New-onset AF (�125 bpm, �16 beats) 82 (27.6) 538

High-degree AV block (second to third
degree; �30 bpm, �8 beats)

29 (9.8) 124

Nonsustained VT (�125 bpm, �16
beats, �30 s)

39 (13.1) 64

Sustained VT (�125 bpm, �30 s) 9 (3.0) 20

VF (�125 bpm, �16 beats) 8 (2.7) 19

Any arrhythmia 137 (46.1) 885

Events adjudicated according to the following: sinus bradycardia �30 bpm
for �8 seconds, sinus arrest with pauses �5 seconds, and high-degree
(second to third degree) AV block �30 bpm lasting �8 seconds. Tachycardia:
�125 bpm for �16 beats. Sustained VT: �30 seconds at �125 bpm. This
table includes all documented arrhythmias.

Figure 1. Kaplan-Meier graphs showing time to first bradyar-
rhythmia or tachyarrhythmia. A, Kaplan-Meier estimate of the
probability of first bradyarrhythmia: time to first high-degree AV
block, sinus bradycardia, and sinus arrest by ICM. B, Kaplan-
Meier estimate of the probability of first tachyarrhythmia docu-
mented by ICM. NsVT indicates nonsustained VT.
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all-cause mortality and cardiac death. AV block was stronger
than any of the clinical predictors included (age �70 years:
HR, 2.3; 95% CI, 1.1 to 5.0; P�0.028; previous MI: HR, 2.9;
95% CI, 1.4 to 6.4; P�0.007; QRS �120 milliseconds: HR,
4.4; 95% CI, 2.1 to 9.6; P�0.001).

Because second- to third-degree AV block was the most
powerful predictor of mortality, the death events in these patients

were explored further. Of the 11 deaths in patients with second-
to third-degree AV block, 10 were attributable to cardiac causes.
A pacemaker was implanted in 10 of the patients with AV block,
and 3 received an ICD. The 10 cardiac deaths were distributed
evenly among patients with and without implanted devices.

Table 5 shows the arrhythmias that occurred in patients up to
24 hours before cardiac death in patients implanted with an ICM

Figure 2. Electrograms of arrhythmias
recorded with the ICM. A, Paroxysmal
second- to third-degree AV block. At the
time of the recording, the patient felt
dizzy but did not activate the ICM, which
was automatically activated at Œ. The
patient received a pacemaker 5 days
later. B, This patient experienced a
severe syncopal attack and did not man-
age to use the activator. Two episodes
of nonsustained VT are recorded; the
second episode provokes polymorphic
VT degenerating to VF. The episode is
automatically activated at Œ. The VF
converted back to polymorphic VT,
which terminated spontaneously (not
shown). The patient subsequently
received an ICD.
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at the time of death. Although second- to third-degree AV block
was frequent in patients with all causes of death, it was
particularly frequent in patients dying of nonarrhythmic causes
(57%).

Discussion
CARISMA is the first study to investigate the incidence and
prognostic significance of long-term arrhythmias in patients
surviving MI with LVEF �40%, 11 with an ICM. The most
important finding was the high incidence of second- to
third-degree AV block associated with increased all-cause
mortality and cardiac death. Sinus bradycardia was also an
independent predictor of cardiac death.

The incidence of bradyarrhythmias among patients with
long-term recordings by the ICM has been previously studied
in symptomatic patients only, mainly with unexplained syn-
cope.19–22 The incidence and type of bradyarrhythmias vary,

depending on study population. In patients with syncope and
structural heart disease, the most frequent bradyarrhythmias
reported were paroxysmal second- to third-degree AV block,
sinus bradycardia, and sinus arrest.23 These findings coincide
with those reported here, confirming that significant and
potentially serious arrhythmias are common in patients sur-
viving MI with depressed LVEF.

Although it is well recognized that patients who develop
third-degree AV block during the acute phase of AMI have a
serious prognosis, most often as a result of extensive anterior
wall infarctions, the reasons for the high mortality in the 29

Table 2. Characteristics of Study Patients by Outcome

No Cardiac
Death

Cardiac
Death

n (%) 270 (91) 27 (9)

Age, y 63.6�10.9 68.2�11.9*

Male gender, n (%) 208 (77) 21 (78)

Prior MI, n (%) 93 (34) 17 (63)*

Prior CHF, n (%) 23 (9) 9 (33)*

Diabetes mellitus, n (%) 49 (18) 10 (37)*

Hypertension, n (%) 118 (44) 11 (41)

QRS �120 ms 32 (12) 11 (42)*

NYHA class III–IV 32 (12) 8 (31)*

LVEF

LVEF �30% at enrollment, n 51 (23) 6 (32)

3–7 d after index MI, % 31.4�6.4 29.1�6.3

6 wk after index MI, % 35.8�10.3 31.4�7.9

Characteristics of AMI, n (%)

Q-wave AMI 168 (63) 10 (39)*

Anterior location 157 (58) 12 (44)

�-blocker, n (%)

At discharge 259 (96) 27 (100)

At 6 wk after AMI (n�289) 250 (95) 21 (100)

ACE inhibitor/AT blocker, n (%)

At discharge 246 (91) 22 (82)

At 6 wk after AMI (n�289) 235 (90) 17 (81)

Statin, n (%)

At discharge 224 (83 21 (78)

At 6 wk after AMI (n�289) 218 (83) 16 (76)

Antiplatelet agent, n (%)

At discharge 243 (90) 26 (96)

At 6 wk after AMI (n�289) 232 (86) 19 (70)

History of AF at enrollment, n (%) 21 (8) 5 (19)

CHF indicated congestive heart failure; ACE, angiotensin-converting enzyme;
and AT, angiotensin. All characteristics are given as number of patients and
percentage for each group except for continuous variables, which are given as
mean value�SD.

*P�0.05 for comparison between the 2 groups.

Table 3. Prognostic Significance of Arrhythmias as Recorded
by the ICD: Unadjusted HRs

Arrhythmia

Cardiac Death All-Cause Mortality

HR P 95% CI HR P 95% CI

High degree
AV block
on ICM

6.64 �0.001 2.72–16.21 5.22 �0.001 2.33–11.71

Sinus
bradycardia
on ICM

5.06 0.0015 1.86–13.71 3.45 0.011 1.32–9.03

Sinus arrest
on ICM

1.54 0.67 0.21–11.49 1.12 0.91 0.15–8.26

Nonsustained
VT on ICM

3.13 0.017 1.23–7.99 2.14 0.096 0.87–5.23

New-onset
AF on ICM*

1.12 0.83 0.40–3.15 1.29 0.58 0.53–3.14

Sustained VT
on ICM

4.27 0.050 1.00–18.22 3.13 0.12 0.75–13.14

Unadjusted hazard ratios calculated with Cox regression analysis treating
ICM-documented arrhythmias occurring until 1 day before the end point as
time-dependent covariates.

*Model adjusted for AF at enrollment.

Table 4. Prognostic Significance of Arrhythmias as Recorded
by the ICD With Adjustment for Prespecified Variables

Arrhythmia

Cardiac Death All-Cause Mortality

HR P 95% CI HR P 95% CI

High degree
AV block
on ICM

6.75 �0.001 2.565–17.84 4.97 �0.001 2.09–11.83

Sinus
bradycardia
on ICM

4.15 0.012 1.37–12.62 2.60 0.07 0.92–7.28

Sinus arrest
on ICM

1.33 0.79 0.16–11.08 1.01 1.00 0.13–7.93

Nonsustained
VT on ICM

1.98 0.17 0.74–5.24 1.33 0.54 0.53–3.36

New-onset
AF on ICM*

1.03 0.96 0.36–2.91 1.10 0.84 0.45–2.67

Sustained
VT on ICM

3.61 0.12 0.71–18.26 2.83 0.19 0.60–13.41

Results from Cox regression analysis treating ICM-documented arrhythmias
occurring until 1 day before the end point as time-dependent covariates and
adjusting for prespecified baseline variables: age �70 years, previous MI, and
QRS �120 milliseconds.

*Model adjusted for AF at enrollment.
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patients developing high-degree AV block outside the acute
phase in the present series remain speculative. Of the 13
patients receiving a pacemaker or ICD, 5 patients later died of
cardiac causes, including 3 patients with sudden death.
Cardiac death occurred in 5 of the 16 patients not implanted
with a therapeutic device, with only 1 sudden arrhythmic
death, suggesting that a pacemaker or ICD would not have
prevented death in the majority of these patients. It is
hypothesized that bradyarrhythmias may reflect more ad-
vanced structural heart disease in which right ventricular
pacing may even be harmful to cardiac function.24

The most frequent tachyarrhythmia recorded by the ICM
was new-onset AF with fast ventricular response (28%). In
multivariate analyses, new-onset AF was not associated with
increased risk of all-cause mortality or cardiac death. These
results are in contrast with reports from similar popula-
tions,25,26 although these studies relied solely on routine ECG
during follow-up visits, resulting in a lower reported inci-
dence of AF (4% to 7%). The ICM conceivably diagnoses AF
patients at a much lower AF burden than in previous trials.
Recent studies using continuous monitoring in patients eligi-
ble for pacemaker treatment have shown that morbidity is
dependent on the burden of AF.27

The most frequent ventricular arrhythmia recorded in the
study was nonsustained VT �125 bpm for �16 beats lasting
�30 seconds. It was associated with cardiac death in univar-
iate analysis. The incidence of nonsustained VT in post-MI
patients has previously been determined primarily by 24-hour
Holter monitoring in the acute and recovery phases after
MI,10,11,28 and 2 studies carried out in the current treatment
era have shown that nonsustained VT recorded by Holter
recordings predicts both nonsudden and sudden cardiac death
in post-AMI patients.10,28 Nonsustained VTs in these studies
were collected for episodes lasting �3 beats, making the
comparison with CARISMA results difficult. It is most likely

that nonsustained VT �16 beats and episodes with only a few
consecutive beats have a different prognostic significance.

Limitations
The ICM used in this study has several limitations in recording
arrhythmias, some related to inherent limitations on the detection
channel and some related to the prespecified arrhythmia detec-
tion criteria used in the study. For example, sinus arrest with
pauses �5 seconds or sinus bradycardia and paroxysmal second-
to third-degree AV block with pauses lasting �8 seconds and/or
at a frequency �30 bpm would not be recorded. Furthermore,
the ICM was originally designed to record bradyarrhythmias in
patients with unexplained syncope and made no provisions for
independent storage of multiple types of tachyarrhythmias such
as AF, atrial tachycardia, fast sinus rhythm, and VT/ VF, all of
which compete for device electrogram storage space. The
differential diagnosis of supraventricular tachycardia versus VT
is limited by the availability of only 1 ECG lead and elusive or
microvolt P waves.

The memory of the ICM was limited to 13 events. When
the memory was saturated, a new recording replaced the
oldest recording in the memory. This resulted in an average
loss of 10.5 days of monitoring time per patient in the study.
Manually triggered recordings could not be deleted.

Because of programmability limitations of the ICM, the
criterion for a tachyarrhythmia event is minimally 16 consecu-
tive beats with all intervals meeting the predefined cycle length.
As a consequence, AF and VT will not be detected if any one of
16 RR intervals are longer than the predefined tachycardia cycle
length. Because �90% of the patients were on �-blockers, there
is a substantial risk of underestimating AF episodes with
ventricular rates �125 bpm. Slow VTs with irregular RR
intervals �125 bpm are also presumed to be undetected.
Considering these limitations, the ICM monitor is thought to
have underestimated the incidence of certain arrhythmias.

Conclusions
CARISMA is the first study to report on long-term cardiac
arrhythmias recorded by an implantable loop recorder with
automatic detection algorithms in a well-defined population
of consecutive patients with MI and LVEF �0.40. Potentially
serious bradyarrhythmias and/or ventricular tachyarrhythmias
occurred in a substantial proportion of the patients. Paroxys-
mal high-degree AV block was the strongest independent
predictor of cardiac death and total mortality.
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Table 5. Arrhythmias Recorded by the ICM >24 Hours
Before Death

Arrhythmic Death
(n�9; VF�6,

VT�1, AV
Block�2), n (%)

Nonarrhythmic
Death (n�7),

n (%)

Reinfarction
(n�3), n

(%)

High degree AV block
on ICM

2 (22) 4 (57) 1 (33)

Sinus bradycardia on
ICM

2 (22) 2 (29) 0 (0)

Sinus arrest on ICM 0 (0) 1 (14) 0 (0)

Nonsustained VT on
ICM

2 (22) 2 (29) 2 (67)

New-onset AF on ICM* 2 (22) 2 (29) 1 (33)

The table includes the 19 cardiovascular deaths documented by the ICM
among the 26 patients who died with an ICM (10 patients died with a
pacemaker �n�4�, with an ICD �n�4�, or with the device explanted �n�2� and
were not included). Death was classified as caused by reinfarction (n�3), as
arrhythmic (n�9), or as nonarrhythmic (progressive heart failure, n�7) (see
Methods section for details). All arrhythmias were recorded �24 hours before
the death event.

*Model was adjusted for AF at enrollment.
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CLINICAL PERSPECTIVE
Cardiac Arrhythmias and Risk Stratification After Acute Myocardial Infarction (CARISMA) reports on long-term cardiac
arrhythmias recorded by an implantable cardiac monitor in patients with left ventricular �40% after myocardial infarction.
Clinically significant bradyarrhythmias and tachyarrhythmias were documented in a substantial proportion of patients, most
of them asymptomatic. A large number of the documented arrhythmias would result in device therapy according to the
current guidelines. The most significant arrhythmia was intermittent high-degree atrioventricular block, which was
associated with a very high risk of cardiac death. However, the study was observational, and whether the use of implantable
cardiac monitors in this population could improve clinical outcome should be tested in larger randomized trials.
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