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Background: In the thrombolytic era, the occurrence of accelerated idioventricular rhythm (AIR)
has been proposed to be a specific marker for successful reperfusion. The incidence, prognostic
implications, and potential modulating mechanisms of AIR after successful restoration of antegrade
flow by means of modern reperfusion therapy (i.e., direct percutaneous coronary intervention (PCI))
has thus far not been investigated.

Methods: We prospectively investigated 125 consecutive patients undergoing direct PCI for a
first acute myocardial infarction (AMI). The incidence of AIR was determined from 24-hour Holter
monitoring, initiated prior to PCI.

Results: AIR appeared in 19 patients (15.2%). There were no significant differences between pa-
tients with or without AIR regarding baseline clinical characteristics. The incidence of AIR was not
different between patients with TIMI 2 and 3 flow (13% vs 16%). There were no differences in the in-
cidence of major cardiac events within 12-month follow-up in patients with and without AIR. Patients
with AIR exhibited higher mean R-R intervals (mean 24-hour R-R interval: 871.3 ± 121 vs 796.4 ±
100 ms, P < 0.01), higher hourly mean values of heart rate variability (SDNN, 64.7 ± 26 vs 49.4 ±
20 ms, P < 0.01; rMSSD, 29.3 ± 15 vs 22.0 ± 12 ms, P < 0.01) and lower serum norepinephrine
concentrations (60 minute after PCI, 478.9 ± 357 vs 649.0 ± 499 pg/ml, P < 0.05).

Conclusions: Our findings indicate that AIR is an nonspecific marker for reperfusion of the infarct-
related artery in AMI and thus, predate previous observations of the thrombolytic era. Even though,
AIR was associated with higher tonic vagal tone and lower sympathetic activity, the occurrence of AIR
had no prognostic impact on the clinical course and was not able to discriminate between complete
and incomplete reperfusion.
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Accelerated idioventricular rhythm (AIR), defined
as a ventricular ectopic rhythm with more than
3 consecutive beats and a rate between 50 and
120 bpm,1,2 is frequently observed during the
reperfusion phase of acute myocardial infarction
(AMI) and has therefore been proposed as a spe-
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cific non-invasive marker for successful coronary
artery reperfusion in the prethrombolytic and
thrombolytic era.3–6 However, in an era of di-
rect mechanical reperfusion strategies, the prognos-
tic relevance of AIR in AMI is still controversial.
The predictive power of AIR regarding successful
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coronary artery reperfusion needs to be reevalu-
ated in the setting of direct percutaneous coronary
intervention (PCI). Direct PCI is superior to throm-
bolysis for investigation of reperfusion evoked ar-
rhythmias, as coronary artery flow and time to
reperfusion vary during thrombolysis. Apart from
imprecise definitions of reperfusion status, in pre-
vious studies the reported incidence of AIR in pa-
tients undergoing thrombolytic therapy varied sig-
nificantly.6 Even though, the occurrence of AIR is
generally considered as benign and without prog-
nostic relevance, there are only few studies avail-
able to support this hypothesis. AIR is believed to
result from abnormal automaticity of the subendo-
cardial Purkinje fibers owing to the washout phe-
nomenon during infarct-related artery reperfusion,
however, the potential role of the cardiac auto-
nomic nervous tone as a modulating factor in the
development of AIR has not been well character-
ized as yet.

Accordingly, the present study examined the in-
cidence, the characteristics and the predictive value
of AIR in patients with a first AMI undergoing a
modern reperfusion therapy (i.e., direct PCI). Fur-
thermore, we sought to determine the predictive
value of AIR for the discrimination of antegrade
flow intensity of the infarct vessel and the poten-
tial relationship between AIR and the underlying
autonomic nervous activity.

METHODS

Patient Population

Between February 1998 and April 1999, a total
of 157 consecutive patients with ST-segment eleva-
tion AMI, in whom primary PCI for an occluded in-
farct artery was performed at our institution, were
prospectively enrolled in the study. Inclusion crite-
ria were presence of ischemic chest pain for more
than 30 minutes but less than 24 hours associated
with ST-segment elevation ≥0.1 mV in ≥2 leads
of the surface ECG. Exclusion criteria were car-
diogenic shock, blood pressure <90 mmHg and
clinical signs of heart failure, left bundle branch
block, pacemaker rhythm and rhythm other than
sinus, age >75 years, prior AMI or CABG, and coro-
nary occlusions unsuitable for PCI. The final study
group thus comprised of 125 patients with recanal-
ization of the infarct-related artery and valid Holter
recordings.

Total ischemia time (time from pain onset to
reperfusion) was noted in all patients.

All patients received parenteral loading doses of
Aspirin� (500 mg) and heparin (5000 IU). Beta-
blockers and nitrates were given according to cur-
rent guidelines.

All patients gave informed consent for the re-
search protocol that had been approved by the local
ethical committee.

Catheterization and Blood Sampling

Coronary angiography and angioplasty were per-
formed by percutaneous femoral approach. Hep-
arin (5000–10,000 IU) was administered following
arterial access (7 French). After visualizing left and
right coronary artery, left ventricular angiogram
was performed in right anterior oblique 30◦ projec-
tion. Calculation of left ventricular ejection fraction
was performed off-line by quantitative measure-
ments of end-diastolic and end-systolic area using
a computerized algorithm (QLVA, medis medical,
Leiden, The Netherlands). Antegrade perfusion of
the infarct-related artery was graded according to
the classification of the thrombolysis in myocardial
infarction (TIMI) trial.7 At the time when the study
was performed, primary objective of angioplasty
was to achieve an optimal angiographic result by
coronary angioplasty alone. Stent implantation was
performed if (1) TIMI flow was <2, (2) residual
stenosis was >30%, or (3) extensive intimal dissec-
tion was present. If coronary flow appeared to be
compromised by thrombotic material, a glycopro-
tein IIb/IIIa receptor antagonist was administered.
Arterial plasma concentrations of norepinephrine
were investigated 5 minutes, 30 minutes, 60 min-
utes, and 6 hours after PCI, using HPLC method
and electrochemical detection.8

Holter Recordings

Reperfusion arrhythmias were determined from
2-lead-24-hour Holter monitoring (Tracker II,
Reynolds, Hertford, UK), which was initiated prior
to PCI. Reperfusion arrhythmias were defined as
arrhythmias occurring within 24 hours after re-
canalization of the infarct-related artery and were
analyzed manually and were interpreted blindly
by two experienced observers (H.B., U.K.H.W.)
on a Pathfinder 700 analysis system (Reynolds,
Hertford, UK). AIR was defined as a run of ≥3
consecutive ventricular beats with a rate between



A.N.E. � April 2005 � Vol. 10, No. 2 � Bonnemeier, et al. � AIR in the Post-thrombolytic Era � 181

Figure 1. (A) Holter ECG printout showing an example of AIR onset with a long
coupling interval. (B) ECG printout showing examples of fusion (f) and capture (c)
beats in AIR. (C) ECG printout showing an example of isorhythmic dissociation (P
waves are marked with arrows).

50 and 120 bpm.2 In addition, the following typi-
cal characteristics for further differentiation were
used:6 (1) An onset with a long coupling inter-
val to the preceding beat (Fig. 1A). (2) Isorhyth-
mic dissociation with fusion and capture beats (Fig.
1B). (3) Gradual termination when sinus rhythm
accelerates or the ectopic ventricular rhythm
decelerates (Figs. 1C and 2) (4). Good hemodynamic
tolerance.

Beat-to-beat RR-interval and time domain param-
eters of heart rate variability (SDNN, SD of normal-
to-normal (NN) intervals; rMSSD, root mean square
of successive differences of NN intervals; SDANN,
SD of the averages of NN intervals in all 5 minutes
segments; SDNNi, mean of the SD of all NN inter-
vals in all 5 minutes segments) were also analyzed
on the Pathfinder 700 analysis system after manual
edition of artefacts and premature beats according
to the Task Force on HRV.9 A minimum of 18 hours
of analyzable data and a minimum of 85% succes-
sive NN intervals were required for a tape to be

accepted as valid. Parameters of HRV were calcu-
lated as mean hourly values.

Figure 2. Kaplan–Meier survival curve representing cu-
mulative event-free plot for major cardiac events for pa-
tients with and without AIR after direct PCI (P = 0.66).
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Figure 3. Initial appearance of AIR after successful PCI
for AMI.

Clinical Follow-Up

All patients were seen in our outpatients depart-
ment at 3, 6, and 12 months after hospital dis-
charge. Episodes of non-fatal cardiac events were
carefully recorded and information about fatal car-
diac events and deceased patients were obtained
from family members and their general practition-
ers. Major cardiac events were defined as cardiac
death, reinfarction, resuscitated ventricular fibrilla-
tion (VF), documented sustained ventricular tachy-
cardia (VT), and revascularization procedures.

Statistical Analysis

Statistical analyses were conducted with a com-
mercially available software package (SPSS version
11.0.1; SPSS Inc, Chicago, USA). Continuous vari-
ables were tested for normal distribution with the

Figure 4. Division of patients according to TIMI flow af-
ter direct PCI and the presence of AIR.

Kolmogorov–Smirnov goodness-of-fit test for nor-
mality. Multiple comparisons were done by Bon-
ferroni corrected ANOVA for repeated measures.
Consecutively, an α-corrected paired Student’s
t-test was performed. Comparisons between groups
were performed utilizing a non-parametric inde-
pendent sample t-test (Mann-Whitney). The cu-
mulative event-free estimates for major cardiac
events in the follow-up were constructed using the
Kaplan–Meier method. HRV data in figures are pre-
sented as mean ± SD. Norepinephrine concentra-
tions in figures are presented as mean ± SEM. A
2-tailed significance level of 0.05 was used for the
analyses.

RESULTS

Patients Characteristics

From a total of 157 consecutive patients with a
first AMI, 125 fulfilled the clinical and technical
inclusion criteria, had valid Holter ECG recordings
(median duration 23 hours) and recanalization of
the infarct-related coronary artery (TIMI 2, n = 31;
TIMI 3, n = 94). In 19 patients (15.2%), Holter mon-
itoring revealed the presence of at least one episode
of AIR. In all of these patients AIR appeared af-
ter reperfusion therapy. The incidence of the ini-
tial episode was highest within 5 hours after PCI
(Fig. 3). All episodes of AIR were transient with a
median beatcount of 4 ventricular beats (mean 14.7
± 24 beats; range 3–84 beats) and a mean rate of
79.4 ± 11 bpm (range 65–102 bpm).

The clinical characteristics are depicted in the
Table 1. There were no significant differences in pa-
tients with and without AIR regarding age, gender,
site and size of infarction, left ventricular ejection
fraction, Killip class and Troponin T status at en-
try, and adjunctive medical treatment. In the acute
phase of MI, almost half of the patients in each
group received i.v. beta-blockade. There were also
no significant differences in the incidence of major
cardiac events within the 12-month follow-up in pa-
tients with and without AIR (AIR, n = 3 (15.3%);
no AIR, n = 13 (12.3%)) (Fig. 5). Furthermore, the
distribution of arrhythmic end points was compa-
rable in each group [AIR (5.2%): VF (n = 1); no AIR
(4.7%): sudden cardiac death (n = 1), VF (n = 2),
sustained VT (n = 2)]. Subgroup analysis based on
TIMI flow of the target vessel after direct PCI also
revealed no significant differences in the incidence
of AIR (Fig. 4).
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Table 1. Baseline Clinical Characteristics by Occurrence of AIR

Patients with Valid Recordings (n = 125)

AIR (n = 19) No AIR (n = 106) P-value

Age (years) 58.4 ± 12 60.4 ± 11 NS
Gender (male/female) 15/4 90/16 NS
Site of infarction (anterior/nonanterior) 11/8 57/49 NS
Left ventricular ejection fraction (%) 51.4 ± 12 52.4 ± 13 NS
Peak creatine kinase (U/l) 1027 ± 617 981 ± 668 NS
Peak lactate dehydrogenase (U/l) 738 ± 387 679 ± 476 NS
TIMI grade after reperfusion (II/III) 4/15 27/79 NS
Target lesion (LAD/RCA/LCX) 9/6/4 49/44/13 NS
One vessel disease (n) 9 (47%) 52 (49%) NS
Killip class ≥2 (n) 4 (21%) 16 (15%) NS
Diabetes mellitus (n) 4 (21%) 19 (18%) NS
Current smokers (n) 11 (58%) 56 (53%) NS
Hypertension (n) 12 (63%) 63 (59%) NS
Systolic blood pressure on admission (mmHg) 144.2 ± 22 146.5 ± 26 NS
Time from pain onset to reperfusion (hour) 6.1 ± 6.6 6.7 ± 6.2 NS
Serum potassium on admission (mmol/l) 4.24 ± 0,6 4.31 ± 0.4 NS
GPIIb/IIIa antagonists 3 (16%) 13 (12%) NS
Troponin T >0.1 ng/ml on hospital admission (n) 11 (58%) 57 (54%) NS
Beta-blockers in the acute phase (n) 9 (47%) 52 (49%) NS
Medication at hospital discharge

Beta-blockers (n) 17 (90%) 99 (93%) NS
ACE-/AT1-antagonists (n) 17 (90%) 101 (95%) NS
Class III antiarrhythmic drugs (n) 1 (5%) 4 (4%) NS
Aspirin (n) 19 (100%) 104 (98%) NS

Mean RR-interval, Heart Rate
Variability, and Plasma Norepinephrine

Concentrations

Patients with AIR exhibited higher mean 24-
hour R-R intervals (AIR, 871.3 ± 121 ms; no AIR
796.4 ± 100 ms, P < 0.01). There were no signifi-
cant differences regarding hourly mean R-R inter-
val within 2 hours after reperfusion in patients with

Figure 5. Hourly mean R-R interval in patients with and
without AIR after direct PCI.

and without AIR. Subsequently, there was a signif-
icant increase of R-R interval only in patients with
AIR (P < 0.001), remaining >800 ms in the fol-
lowing hours, and leading to significantly higher
hourly R-R intervals compared to patients with-
out AIR (Fig. 5). Mean hourly values of all time
domain HRV parameters were significantly higher
in the AIR subgroup before and after direct PCI
(Fig. 6). Plasma norepinephrine concentrations
were significantly lower at 5, 30, and 60 minutes af-
ter PCI in the AIR subgroup (Fig. 7), whereas there
were no significant differences at 6 hours.

DISCUSSION

This prospective study is the first to investigate
the prognostic significance of AIR in AMI in the
post-thrombolytic era and reveals several impor-
tant findings. The major finding is that the occur-
rence of AIR within 24 hours after coronary reper-
fusion does neither appear to be a predictor of
major cardiac events, nor appear to differentiate
between complete and incomplete reperfusion (i.e.,
TIMI 2 and 3 flow).



184 � A.N.E. � April 2005 � Vol. 10, No. 2 � Bonnemeier, et al. � AIR in the Post-thrombolytic Era

AIR and Coronary Artery Flow

In the thrombolytic era, several studies at-
tempted to determine the prevalence and the prog-
nostic value of AIR in AMI.3–5,10,11 AIR was found
significantly more often in patients with success-
ful reperfusion, however, the prevalence of AIR af-
ter reperfusion therapy varied significantly, rang-
ing from 25%10 to 90%.11 These differences may,
in part, result from different definitions of AIR,
differences in patient populations, various reper-
fusion strategies and concomitant medications, dif-
ferent ECG-monitoring techniques and durations,
and, above all, different invasive and non-invasive
criteria to assess coronary artery patency. There is
still a relative paucity of data regarding the preva-
lence of AIR in patients with AMI undergoing di-
rect PCI and treated according to the contemporary
therapeutic guidelines. One would have expected
a significantly higher incidence of AIR in a 100%
reperfused patient population, but the occurrence
of AIR was considerably low in the present study
(15.2%). These data are in accordance to previous
findings of Yoshida et al.12 reporting a 12.0% inci-
dence of AIR in 100 patients with TIMI 2 and 3 flow

Figure 6. Time domain heart rate variability in patients with (black bars) and without AIR (white bars)
after direct PCI. ∗P < 0.05, ∗∗P < 0.01.

after direct angioplasty, and Oude Ophuis et al.,13

reporting a 16.2% incidence of AIR in 99 patients
with TIMI 2 and 3 flow after thrombolytic ther-
apy or before rescue angioplasty. In previous stud-
ies on AIR, reperfusion was considered “success-
ful,” when the infarct-related coronary artery flow
was improved to TIMI grade 2 and 3. However,
despite angiographic evidence of an open infarct-
related coronary artery, a delayed or sluggish an-
tegrade flow (i.e., TIMI 2 flow)14 has been shown
to be associated with an increased risk for cardiac
mortality in patients with AMI.15,16 It has been sug-
gested that sudden changes in electrolytes, free rad-
icals, and other accumulated substances owing to
the washout phenomenon during coronary artery
reperfusion may be ideal conditions for the occur-
rence of AIR,13 and it seems likely that a more
extensive tissue injury with a persistent microvas-
cular dysfunction may alter the electrophysiolog-
ical characteristics of the ventricular myocardial
cells.14,17 However, surprisingly, the incidence of
AIR was not significantly different in patients with
TIMI 2 and 3 flow, suggesting that complete coro-
nary artery reperfusion may not be the major de-
terminant for the occurrence of AIR. When TIMI
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Figure 7. Arterial plasma norepinephrine concentra-
tions in patients with and without AIR after direct PCI.

3 flow had to be discriminated from the TIMI 2
flow, the occurrence of AIR was 78.9% sensitive,
however, the positive predictive value was only
15.9% (Table 2). But the achievement of TIMI 3
flow is the ultimate goal of modern reperfusion
strategies. Therefore, the occurrence of AIR in AMI
is an inappropriate noninvasive index of reperfu-
sion in the post-thrombolytic era, as the overall
incidence of AIR is relatively low and AIR does
not discriminate between complete and incomplete
reperfusion.

Mechanisms of AIR

AIR has been suggested to result from abnor-
mal automaticity of the subendocardial Purkinje
fibers.18,19 Kaplinski et al. described a transient
increase of the idioventricular rate after coro-
nary reperfusion and suggested that this increase
in ventricular automaticity may be the basis for
delayed reperfusion arrhythmias, resembling the
characteristics of AIR.18 Other investigators sug-
gested triggered activity based on delayed after-
depolarizations as the underlying mechanism.20–23

In the present study, we were able to show that
patients with AIR exhibit significantly lower mean

Table 2. Sensitivity, Specificity, Positive, and Negative Predictive Values of AIR for TIMI 3 Flow and
Cardiac Events

Sensitivity Specificity Positive Predictive Negative Predictive
Value (%) Value (%) Value (%) Value (%)

TIMI 3 flow 78.9 25.5 15.9 87.1
Cardiac events 15.8 87.8 37.5 85.3

heart rates, suggesting that episodes of AIR only
occur in those patients where the ectopic rate ac-
celerates, or the sinus rate decelerates. Therefore,
our findings suggest that there may be an increase
of the idioventricular rate after reperfusion due to
enhanced ventricular automaticity, a decrease of
the sinus rate due to autonomic nervous alterations
at the sinus node, or a combination of the above.
In the present study, we clinically demonstrated
for the first time that parasympathetic predomi-
nance at the sinus node, characterized by increased
heart rate variability and lower sympathetic activ-
ity, characterized by lower serum norepinephrine
levels, leading to lower sinus rates, may favor the
occurrence of AIR after reperfusion in AMI.

AIR and Prognosis after AMI

Several investigators proposed that AIR in AMI
is a benign arrhythmia.2,6,22–24 Indeed, previous
studies were not able to find an association of AIR
in AMI and an increased incidence of severe ven-
tricular arrhythmias or in-hospital mortality.11,25

However, the prognostic significance for late out-
come of these early ventricular arrhythmias is still
not known. In the thrombolytic era, it was recog-
nized that AIR especially occurred after “success-
ful” reperfusion. Interestingly, several years after
the benefit of an open infarct-related artery has
been established by several investigators, there are
thus far no data available to show a possible associa-
tion of the occurrence of AIR and a better long-term
prognosis. The present study is the first to exhibit
that there are no significant differences with re-
spect to the clinical outcome in a 12-month follow-
up in patients with and without AIR. Although VT
and VF may occur concomitantly with AIR in the
same patient, the underlying electrophysiological
mechanisms, as well as the prognosis of these ar-
rhythmias have been shown to be different.2,26 One
may have speculated that in the present study pa-
tients with AIR would have had a better progno-
sis, as they exhibited higher values of heart rate
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variability and lower serum norepinephrine con-
centrations, as the analyses of vagal reflexes and
sympathetic activity have been shown to provide
significant independent prognostic value in the re-
convalescent phase of AMI. However, we were pre-
viously able to demonstrate in patients undergoing
reperfusion therapy in AMI that both, heart rate
variability and plasma catecholamines are tools to
study changes of autonomic tone in the acute phase
of AMI, rather than predictors for long-term cardiac
outcome.26,27

Study Limitations

A potential limitation of the present study relates
to the sample size: although the data of 125 selected
patients undergoing direct PCI were prospectively
analyzed, it is conceivable that a larger study would
have yielded improved predictive accuracy of AIR.
Furthermore, there were no control subjects with
coronary artery flow beyond TIMI 2, because the
total number of eligible patients with TIMI flow
grades 1 and 0 after PCI was too small for statistical
comparisons (n = 4). However, as the prognosis of
TIMI 2 flow has recently been shown to be not
better than TIMI 0–1 flow,15,16 in the present study
only patients with TIMI 2 flow served as control
group with incomplete reperfusion.

CONCLUSION

Our study supports the observation of the throm-
bolytic era that AIR is a nonspecific marker for
reperfusion of the infarct-related artery in AMI.
However, compared with data of the thrombolytic
era, the prevalence of AIR after direct PCI seems
to be significantly lower. Even though, AIR was
associated with higher tonic vagal tone and lower
sympathetic activity, the occurrence of AIR had no
short- and long-term prognostic impact on the clini-
cal course and was not able to discriminate between
complete and incomplete reperfusion.
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