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Objective: Complete atrioventricular block (CAVB) in acute inferior ST-segment elevation
myocardial infarction (STEMI) is associated with poor clinical outcomes after noninvasive
treatment. This study was designed to determine the effect of primary percutaneous coronary
intervention (PCI) in patients with CAVB complicating acute inferior STEMI, at a single
center.

Methods: We enrolled 138 consecutive patients diagnosed with STEMI involving the infe-
rior wall; of these, 27 patients had CAVB. All patients received primary PCI. The clinical
characteristics, procedural data, and clinical outcomes were compared in patients with versus
without CAVB.

Results: Baseline clinical characteristics were similar between patients with and without
CAVB. Patients with CAVB were more likely to present with cardiogenic shock, and CAVB
was caused primarily by right coronary artery occlusion. Door-to-balloon time was similar
between those two groups. After primary PCI, CAVB was reversed in all patients. The peak
creatinine phosphokinase level, left ventricular ejection fraction and in-hospital mortality rate
were similar between the two groups. After a median follow up of 318 days, major adverse
cardiac events did not differ between the groups (8.1% in patients without CAVB; 11.1% in
patients with CAVB) (P=0.702).

Conclusion: We conclude that primary PCI can ameliorate CAVB-complicated acute inferior
STEMI, with an acceptable rate of major adverse cardiac events, and suggest that primary PCI
should be the preferred reperfusion therapy in patients with CAVB complicating acute inferior
myocardial infarction.
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Introduction

Complete atrioventricular (AV) block (CAVB) is a common complication of acute
myocardial infarction (AMI). High-degree AV block (AVB) is seen about 5%—7%
of all patients presenting with AML.! In patients with inferior ST-segment elevation
myocardial infarction (STEMI), CAVB has been reported to be as high as 28%.%*
The exact mechanism underlying AVB remains unclear, although the two most com-
mon explanations are interrupted blood flow to the AV node and increased vagal tone
resulting from the Bezold—Jarish reaction.>¢ In the thrombolytic era, CAVB in inferior
AMI has been associated with older age, larger infarct size, and higher in-hospital
mortality.>”® The in-hospital mortality rate has improved with reperfusion therapy,
generally by thrombolysis.>®* However it is unknown whether primary percutaneous
coronary intervention (PCI) can improve the outcome in patients with CAVB com-
plicating acute inferior STEMI, which was the focus of this study.
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Methods

Patients

We enrolled 138 consecutive patients who were diagnosed
with STEMI involving the inferior wall, from January 2009
to December 2011. Inferior wall STEMI was defined as
typical chest pain or dyspnea lasting longer than 30 minutes,
ST-segment elevation =1.0 mm in more than two of three
inferior leads (I, I1I, and aVF), and elevated serum creatinine
phosphokinase (CPK) or troponin-T levels more than twice
the upper limits of normal. There were 27 patients in this
group with CAVB. A temporary pacemaker was implanted
if there was hemodynamic instability and bradycardia with
a heart rate =40 beats per minute refractory to intravenous
atropine administration. All patients received primary PCI.
The clinical characteristics, laboratory data, angiographic
findings, PCI procedural data, and in-hospital and long-term
clinical outcomes were compared in patients with versus
without CAVB. Echocardiographic measurement of left
ventricular ejection fraction was performed 1 or 2 days after
PCI. This study protocol was approved by the Institutional
Review Board (IRB) of St Vincent’s Hospital, Suwon, South
Korea (IRB number VC11RISI0207).

Statistical analysis

Analyses were performed using R 2.14.1 statistical software
(R Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were described using frequencies,
while continuous variables were reported as median and
interquartile ranges. Fisher’s exact test or Pearson’s y” test
with Yates’ continuity correction were used to compare
categorical variables in patients with versus without CAVB.
A two-sided t-test was used to compare continuous variables.

Table | Baseline characteristics

The survival of patients with and without CAVB was deter-
mined using the Kaplan—Meier method and compared using
a logrank test.

Results

The baseline characteristics of 138 patients are summarized
in Table 1. There were no differences in sex, age, smoking
status, basal metabolic index, lipid profiles, or prevalence of
diabetes mellitus or hypertension between the two groups.
However, there were several significant differences in proce-
dural and angiographic data, and clinical outcomes (Table 2).
In eleven patients with CAVB (40.7%) who presented with
cardiogenic shock, a temporary pacemaker was implanted,
while only four patients (3.6%) without CAVB underwent
temporary pacemaker implantation (P<<0.001). Notably,
almost all CAVB cases were caused by a right coronary
artery infarct (96.3%) (P=0.046). Door-to-balloon time was
similar between the two groups. After primary PCI, CAVB
was reversed in all patients. There were no statistical differ-
ences in the use of intraaortic balloon pump support (7.4%
in patients with CAVB vs 3.6% in patients without CAVB),
access route (eg, for transradial approach, 48.1% vs 67.6%),
peak cardiac enzymes, radiation time, contrast dose, ejection
fraction after primary PCI (60.3% vs 58%) or in-hospital mor-
tality rates (7.4% vs 5.4%) between groups. After a median
318 days of follow up, the mortality rates were not different
between those two groups (5.4% in patients without CAVB,
7.4% in patients with CAVB) (P=0.654) (Table 3), and over-
all major adverse cardiac events were not different between
the two groups (8.1% in patients without CAVB, 11.1% in
patients with CAVB) (P=0.702) (Table 3). Finally, Kaplan—
Meier analysis showed a comparable prognosis based on

No AV block (N=111) Complete AV block (N=27) P-value

Mean age, years (IQR) 58.0 (51.0-70.5) 64.0 (59.5-70.0) 0.193
Male, n (%) 85 (76.6%) 21 (77.8%) 0.903
Diabetes mellitus, n (%) 41 (37.3%) 8 (29.6%) 0.458
Hypertension, n (%) 58 (53.2%) 15 (55.6%) 0.997
Smoking status (%) 0.325

Never smoker, n 33 (30.3%) 5 (18.5%)

Ex-smoker, n 22 (20.2%) 4 (14.8%)

Current smoker, n 54 (49.5%) 18 (66.7%)
BMI, kg/m? (IQR) 24.5 (22.1-26.3) 22.5 (20.7-26.8) 0.318
BMI >25 kg/m?, n (%) 45 (40.5%) 10 (37.0%) 0.909
Total cholesterol, mg/dL (IQR) 175 (153-207) 171 (150-212) 0.532
Triglyceride, mg/dL (IQR) 99 (65—-143) 80 (95-157) 0811
LDL-cholesterol, mg/dL (IQR) 115 (90-140) 118 (95-152) 0.489
HDL-cholesterol, mg/dL (IQR) 38 (3144) 39 (3344) 0.785

Abbreviations: N, numbers of subjects; IQR, interquartile range; AV, atrioventricular; BMI, body mass index; CAVB, complete atrioventricular block; HDL, high-density

lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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Table 2 Procedural data, angiographic data and clinical outcomes

No AV block (N=111) Complete AV block (N=27) P-value

Temporary pacemaker, n (%) 4 (3.6%) I'l (40.7%) <0.001
Cardiogenic shock, n (%) 16 (14.0%) I'l (40.7%) 0.005
IABP, n (%) 4 (3.6%) 2 (7.4%) 0.334
Transradial access, n (%) 75 (67.6%) 13 (48.1%) 0.097
Door-to-balloon time, min (IQR) 82 (65-112) 76 (57-106) 0.617
Infarct-related artery

Right coronary artery, n (%) 89 (80.2%) 26 (96.3%) 0.046

Left circumflex artery, n (%) 22 (19.8%) 1 (3.7%)
Culprit lesion

Proximal RCA, n (%) 21 (18.9%) 9 (33.3%)

Mid-RCA, n (%) 29 (26.1%) 12 (44.4%)

Distal RCA, n (%) 33 (29.7%) 5 (18.5%)

rPDA, n (%) 2 (1.8%) 0 (0.0%)

Ist RPL, n (%) 4 (3.6%) 0 (0.0%)

Proximal LCX, n (%) 3 (2.7%) 0 (0.0%)

Distal LCX, n (%) 16 (14.0%) | (3.7%)
CPK peak, U/L (IQR) 1,665 (385-2,780) 1,893 (1,203-2,949) 0.309
CK-MB peak, U/L (IQR) 134 (50-214) 146 (64-396) 0.114
Fluoroscopy time, min (IQR) 11.5(9.0-18.2) 10.2 (9.0-18.3) 0.719
Contrast use, mL (IQR) 180 (140-218) 143 (98-205) 0.079
EF (%) after PCI (IQR) 58.0 (51.9-61.1) 60.3 (53.0-63.8) 0.408
In-hospital death, n (%) 6 (5.4%) 2 (7.4%) 0.654

Abbreviations: N, numbers of subjects; IQR, interquartile range; AV, atrioventricular; IABP, intra-aortic balloon pump; RCA, right coronary artery; LCX, left circumflex
artery; PDA, posterior descending artery; RPL, right posterolateral artery; CK-MB, creatinine phosphokinase; CPK, creatinine phosphokinase; EF, ejection fraction; PCI,

percutaneous coronary intervention.

major adverse cardiac events, between patients with and
without CAVB in acute inferior wall STEMI (Figure 1).

Discussion
CAVB is a common complication of AMI. In particular,
patients with inferior AMI are more prone to developing
CAVB compared with patients with anterior AMI. STEMI
increases the risk of CAVB compared with patients with
non-STEMIL.*1°

The exact mechanism underlying AVB remains unclear.
However, there are two most common mechanisms for car-
diogenic shock and bradyarrhythmia in inferior AMI. The
first involves cardioinhibitory (Bezold—Jarisch) reflexes
arising from vagal efferents in the ischemic left ventricular
inferoposterior wall.” The second involves the effects of AV
nodal ischemia.?!!-12

Table 3 Major adverse cardiac events during follow-up

No AV block Complete AV block P-value

(N=I11) (N=27)
Death, n (%) 6 (5.4%) 2 (7.4%) 0.654
Reinfarction, n (%) 3 (2.7%) | (3.7%) [
TVR, n (%) 3 (2.7%) 0 (0.0%) [
MACE, n (%) 9 (8.1%) 3(11.1%) 0.702

Abbreviations: N, numbers of subjects; AV, atrioventricular; TVR, target vessel
re-infarction; MACE, major adverse cardiac event.

In our study, we investigated the prognostic significance
of CAVB in 138 patients with inferior STEMI treated with
primary PCI. There were 27 patients in this group with
CAVB, and all patients received primary PCI. The in-hospital
mortality rates and major adverse cardiac events were not
different independent of CAVB.

Previous studies during the thrombolytic era determined
that patients with inferior AMI complicated by CAVB had
a higher Killip class and an increased risk of in-hospital
events, such as cardiogenic shock, AV arrhythmias, and
short-term (30-day) mortality rate.>'*!* Jim et al previously
conducted a single-center trial in Hong Kong to determine
the impact of CAVB in acute inferior MI and concluded that
the in-hospital mortality was significantly higher in patients
with CAVB. However, in this study, the main treatment was
thrombolysis (50%) and medical treatment (44.3%), not the
primary PCI (5.7%).® Also, Pirzada et al reported high-degree
AVB significantly influenced the outcome when associated
with right ventricular infarction, leading to high mortality
in acute inferior MI. Similarly, in this study, 73% received
thrombolytic therapy among patients with AVB,* while,
Gang et al investigated the prognostic significance of high-
degree AVB in STEMI patients treated with primary PCI
and found that the mortality rate was significantly increased
in patients with high-degree AVB. However in the study by
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Figure | Kaplan—Meier analysis for survival from major adverse cardiac events.

Notes: Kaplan—Meier analysis showing the MACE-free survival of patients with acute ST-segment elevation myocardial infarction involving the inferior wall who developed

CAVB, compared with those who did not have CAVB. Log-rank test: P=0.642.

Abbreviations: AV, atrioventricular; CAVB, complete atrioventricular block; MACE, major adverse cardiac event.

Gang et al all patients of STEMI were included regardless
of infarct location, and the door-to-balloon time in the two
groups was not compared.’ In these previous studies, the
main treatment was thrombolysis or medical treatment, not
the primary PCI, and they did not compare the procedural and
angiographic data, while in our study, all patients received
primary PCI, and procedural and angiographic data were
compared in patients with versus without CAVB. Even
though successful treatment of inferior AMI presenting with
CAVB by reperfusion therapy has been reported frequently
in the primary PCI era,* %1316 whether primary PCI could
improve the outcome in patients with acute inferior STEMI
presenting with CAVB has not been determined. In our study,
all patients received primary PCI (median door-to-balloon
time 80.5 minutes [61.75, 107.8, range] minutes); as a result,
the mortality rates and major adverse cardiac events were not
different independent of CAVB.

The overall experience with heart block occurring in asso-
ciation with acute inferior infarction indicates that heart block
is responsive to atropine or isoproterenol in the majority of
cases, usually does not require placement of a temporary pace-
maker, and almost never requires implantation of a permanent
pacemaker.!” Current guidelines recommend that temporary
pacing is indicated for symptomatic bradyarrhythmias
unresponsive to medical treatment.'® Ho et al reported the
reversibility of CAVB in patients with anterior AMI. CAVB
resolved after percutaneous transluminal coronary angioplasty
in 88% of patients, and the mean time of resolution was 89+144
minutes after revascularization.'® However in our study, even

though we did not measure the mean time of resolution, CAVB
was reversed in all patients after the primary PCI procedure,
and no patient required a permanent pacemaker.

In our study, results showed neither increase in the risk
of in-hospital events, nor follow up major adverse cardiac
events in the CAVB group compared with the non-CAVB
group. Furthermore, CAVB was reversed in all patients after
primary PCI. This result is contrary to previous reports that
CAVB complicating inferior STEMI is associated with poor
cardiovascular outcome. Thus, we suggest that primary PCI
could ameliorate CAVB complicating acute inferior MI if
performed in timely fashion.

Our study had several limitations. First, the present study
was conducted with a relatively small number of patients,
resulting in insufficient power to generalize. However,
this study was designed to determine the effect of primary
PCI in patients with CAVB complicating acute inferior
STEMI at a relatively large-scale center. Even though the
numbers were small, significant results were obtained,
which underlies the value of the conclusion. Second, the
follow-up period was too short to generalize any long-term
outcomes. Third, to estimate the effect of primary PCI, we
should have included a control group consisting of patients
treated with thrombolysis during the same time period at the
same center; however, it was considered unethical to treat
patients with STEMI with thrombolysis at a PCI-capable
hospital because current guidelines recommend that STEMI
patients arrived at a PCI-capable hospital should receive
primary PCL.'
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Our study also had several strengths. First, it was con-
ducted using a discrete population of inferior STEMI patients
from one center during a 3-year period, with consistent criteria
for CAVB. Although primary PCl is usually recommended for
all STEMI patients in modern days, there have been no other
studies conducted specifically in inferior STEMI to define the
prognostic implication of primary PCI on CAVB in such a
clinical setting. Moreover, in our study, all patients received
primary PCI. After primary PCI, CAVB was reversed in all
patients. Based on this result, the most probable mechanism
of bradyarrhythmia in inferior AMI was considered to be
Bezold-Jarisch reflexes, not AV nodal ischemia. In our
hospital, a temporary pacemaker was implanted if there
was hemodynamic instability and bradycardia with a heart
rate =40 beats per minute that was refractory to intravenous
atropine administration in the past. Although recently we
performed primary PCI without temporary pacing in STEMI
patients with CAVB, all patients were stable and CAVB was
reversed with primary PCI. This could be elucidated further by
prospective studies investigating the effect of revasculariza-
tion on CAVB reversibility in inferior STEMI.

In conclusion, primary PCI can ameliorate CAVB-
complicated acute inferior STEMI, with an acceptable rate
of major adverse cardiac events. Our results suggest that
primary PCI should be the preferred reperfusion therapy in
patients with CAVB complicating acute inferior MI.

Disclosure
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