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patients in the primary PCl era. We consecutively enrolled 1295 STEMI patients

groups according to the infarct location: anterior STEMI (n = 640) and nonanterior
STEMI (n = 655). The outcomes were all-cause death and major adverse
cardiocerebrovascular events (MACCE) with a median follow-up period of 3.8
(1.7-6.6) years. Eighty-one patients (6.3%) developed CAVB. The incidence of CAVB
was lower in anterior STEMI patients than in nonanterior STEMI (1.7% vs 10.7%,
p < .05). Anterior STEMI patients with CAVB had a higher incidence of all-cause
deaths (82% vs 20%, p < .05) and MACCE (82% vs 25%, p < .05) than those without
CAVB. Although higher incidence of all-cause deaths was found more in nonanterior
STEMI patients with CAVB compared with those without CAVB (30% vs 18%,
p < .05), there was no significant difference in the incidence of MACCE (24% vs
19%). Multivariate analysis showed that CAVB was an independent predictor for all-
cause mortality and MACCE in anterior STEMI patients, but not in nonanterior
STEMI. CAVB is rare in anterior STEMI patients, but remains a poor prognostic com-

plication even in the primary PCI era.
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1 | INTRODUCTION

Complete atrioventricular block (CAVB) is a common complication of
acute myocardial infarction (AMI), and previous reports show that the
incidence of CAVB is 3% to 11%.1® CAVB can occur in ST-segment
elevation myocardial infarction (STEMI) patients. However, it is more
common in inferior STEMI patients.*™*%2 Aplin et al. reported that
STEMI patients with CAVB had a higher mortality irrespective of their
infarct locations in the thrombolytic era.2®1° This increased incidence
was more prominent in the anterior than in the inferior infarct loca-
tion. Randomized studies have demonstrated that percutaneous coro-
nary intervention (PCl) is a more effective treatment strategy in
patients with STEMI rather than thrombolytic therapy.*®>*> However,
little is known about the incidence of CAVB and its prognostic impact
on STEMI patients treated with primary PCI. In this study, we aimed
at examining the incidence, characteristics, and outcomes in STEMI

patients complicated with CAVB in the era of primary PCI.

2 | METHODS

21 | Study population

This was a retrospective and observational study. We evaluated con-
secutive STEMI patients admitted in the Hirosaki University Hospital
from January 2007 to December 2016 within 24 hours of symptom
onset, and had underwent primary PCl. We defined STEMI as an ele-
vated cardiac biomarker with two of the following®: typical chest pain
lasting >20 minutes and? ECG showing new ST-segment elevation
22 mm in at least two contiguous precordial leads or 2 1 mm in at
least two contiguous limb leads, or newly apparent left bundle branch
block. We divided patients by evaluating lesions using emergent coro-
nary angiography as follows: (a) anterior STEMI patients with culprit in
left anterior descending artery (LAD) or left main trunk and
(b) nonanterior STEMI patients with culprit in right coronary artery
(RCA) or left circumflex artery (LCX). We defined CAVB as complete
interruption of atrioventricular (AV) conduction with dissociation of P
waves and QRS complexes and the existence of junctional or ventric-
ular escape rhythms with a rate less than the atrial rate. In this study,
we considered CAVB as follows: documented CAVB in continuous
cardiac monitoring in ambulances, previous hospital, or at any point
during the hospitalization whether it was temporary or sustained. The

Ethics Committee of our Institution approved this study.

2.2 | Data collection and follow-up

We obtained baseline clinical characteristics including previous medi-
cal history, and analyzed laboratory data at admission with electrocar-
diography (ECG) before PCl and during hospitalization. We assessed
the left ventricular ejection fraction (LVEF) at acute phase by trans-
thoracic echocardiography or left ventriculography during hospitaliza-

tion. In this phase, we evaluated the number of diseased vessels

defined as more than 75% major coronary stenosis, and judged throm-
bolysis in myocardial infarction (TIMI) grade flow after emergent PCI.
The primary outcome of this study was all-cause death and the sec-
ondary outcome was major adverse cardiocerebrovascular events
(MACCE), defined as a composite of cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke and hospitalization due to acute
decompensated heart failure (ADHF). Follow-up started on the day of
admission and we followed up patients until 2018 with a median
follow-up period of 3.8 (1.7-6.6) years. We obtained follow-up data
by reviewing our hospital records, interviewing the patients or their

families by telephone, or examining the outpatient clinic records.

2.3 | Statistical analysis

We expressed continuous variables as mean +* standard deviation or
median (interquartile range), and categorical variables as frequencies
and percentages. We compared continuous variables using one-way
analysis of variance, and calculated the statistical significance of dif-
ferences using the Tukey-Kramer test. We used the Mann-Whitney
U test for nonparametric variables and the chi-square analysis to com-
pare categorical variables. We estimated primary and secondary out-
comes using the Kaplan-Meier method and compared them using the
log-rank test. We performed univariate and multivariate analyses for
the predictors of all-cause death and MACCE using the Cox propor-
tional hazards regression. The variables used for analysis included
CAVB, age, and male gender (Model A), and CAVB, age, male gender,
hypertension, dyslipidemia, diabetes mellitus, smoking, estimated glo-
merular filtration rate (€GFR) <60 mL/min/1.73 mL?, Killip classifica-
tion 22, log peak creatine phosphokinase (CPK), LVEF <40%, and TIMI
grade < 1 (Model B). Hazard ratios (HRs) and 95% confidence intervals
(Cls) were calculated. A p values less than .05 was considered as sta-
tistically significant. Statistical analyses were performed using JMP
pro version 14 (SAS institute, Cary, NC).

3 | RESULTS

3.1 | Baseline characteristics

We consecutively enrolled and evaluated 1295 STEMI patients (1020
males; mean age, 66 * 13 years). We diagnosed 640 patients (49%)
with anterior STEMI, and 655 (51%) with nonanterior STEMI. The inci-
dence of CAVB was significantly lower in anterior STEMI patients
STEMI (11/640 = 1.7% vs
70/655 = 10.7%, p < .05) (Supplementary Figure). Baseline character-

than in nonanterior patients
istics of the study population are shown in Table 1. Patients with
CAVB were older compared to those without CAVB, though not sig-
nificant. There were no differences in gender, coronary risk factors,
and the prevalence of previous cardiocerebrovascular disease
between the two groups. Patients with CAVB had a significantly
higher prevalence of Killip classification 22 at admission (64% vs 23%

in anterior STEMI and 23% vs 10% in nonanterior STEMI,



cees RWITSERE

KAWAMURA ET AL

"UoI3D.Je)U] [eIpJEd0AW Ul SISAJOQUIOAY] |IA|L ‘UOI3DB1) UOIFIB[E JBINDIUDA J3| ‘4IAT SUOIIDIBIUL [BIPJEDOAW ‘|| ‘D1BJ UOIIEI}|l) JejNIaWOo(S pajewi3ss ‘Y499 ‘wood Aduasiaws Y3

‘uLI0jos] [elpJedoAw aseupjoydsoyd auieald ‘gIN-MdD ‘@seunjoydsoyd aurzeaud (HdD ‘Suijess ssedAq Alapie Aleuolod ‘HgyD H00|q JejndLjusAoLle 333]dwod ‘gAY Xapul ssew Apog ‘|INg :SUOlIeIASIqaY

"uol}dJejul [elpJedoAw

uoljeAd|d JUBWISaS-| § Sa3eDIpUI [INTLS "S9|geleA snonuijuod 1oy (98ued 3j134enbiajul) UeIPaW JO UOIIBIASP pJepuels F UBSW Se pue sajqelleA [ed110891ed 1oy (a8ejuadiad) Aouanbaly se pajuasaid aie ejeq 210N

50>

S0™>
S0™>

S0™>
S0™>
S0™>
514
S0™>
S0™>
99
VL
90
8
0L
174
0g’

8¢
96
143

anjeA d

(€5€-66)
£0¢C

(c2se-9L6)
/861

LTF0L

(c8) z8r
(9)1e
(7L¥7-86T) ¥6C
(£8) see
0T 05
(o1) 95
(o1) £8
@€t
(1) 89
(¥) 652
(6£) S9v
(€4) 9z
(L¥) 912

9EFIVC
(82) 85¥
T 799
(585 = u) (-) 9AVD

(€2-0ST)
S/T

(¢Set-18€T)
819C

9T ¥ 95

(L9) Lv
(Lt)er
(62€-£9T) 82T
(€5) LE

IAE R4S

(€2) 9T

(118

(€¢

e

8'€ T 6€T
(6£) SS
¥T 789
(0£ = u) (+) 9AVD

S0™>

S0™>
50>

S0™>
60°
SL
80’
S0™>
50>
9T
00T
00T
44
v
00T
A

44
174
80’

anjea d

(S525-STT1)
z6C

(0¥SS-TSTT)
86T

9¢c*¢L

(z8) sTS
(¥) 82
(8t7-96T) T6C
(9v) 88¢
A

(€2) svT

(6) 95

me

(6) ¥S

(8¢€) ove
(18) 805
(vL) 9%
(0s) 91€
9EFEVT

(62) 66¥

€T 99

(629 = u)(-) AVD

(2691-509)
LS.

(982 ¥T-L6TL)
600CT

SCFYY

(Loe
(8T)¢
(r6v-2ST) 01€
(€18

TEFOET
(€18

YT FEL

(TT = u)(+) aAVD

50>

50>
50>

50>
50>
50>
9V’
50>
50>
LE
6C
€T
68
08’
6T
Sl

v
14
SO

anjea d

(0S5+-90T)
8eT

(LE¥1-990T)
16£C

9CTF1L

(28) L66

(S) 65
(19¥-L6T) T6C
(T) €29
TT F 9%

(LT) TOT
(6)ETT

(T st

9EFTYC
(6£) £LS6
T 99
(P12T = U)(-) aAVYD

(Tes-191)
88¢

(84€S-VTLT)
LLTE

9T F VS

(z9) 05
(LT) T
(e¢re-191) TeT
(99) s
€T ¥ 05

(1) €T
(cr)ot

(@¢

(907

(cv) ve

(6£) ¥9
(£9) s

(18) 1P
LEFLET

(82) €9

¥T 7 69

(T8 = u)(+) aAVD

IN3LS 10l12]UBUON

320|q JejnoLijuaAoLIle 932]dwod JO 32udsaId 3y} Aq papIAIp sjualjed 3y} Jo solIsLIa)dEIEYD duljaseq

IW3LS lousjuy

sjuaned ||

7/N1‘dN-MdD ead

/N1 MdD >esd
LUELT/UIW/ W Y4
sSuipuly Aiojeloger]

(%) U ‘€ MO} IINIL [eul
(%) U ‘43 03 Jajsueuy 323.1Q
ulw ‘uoisnysadal 03 swl ]
(%) u ‘eseasip [9sSaA-INIA
% ‘43ANT

(%) u ‘z= ssepd dijiy

(%) U ‘@043s snolaald

(%) U ‘DgvD sholnaid

(%) U ‘I snoinaid

(%) u ‘Sujows Jua1In)
(%) u ‘elwspidiisAQ

(%) U ‘uoisuspadAH

(%) u ‘snyjlsw se3eqelq
10398} ¥s1 AJeuoto)
W/3) ‘IINg

(%) u ‘dleN

SJeaA 98y

137189Vl



KAWAMURA ET AL

Lwiey- G

respectively, both p < .05) and higher peak CPK and CPK-MB levels
irrespective of STEMI location. The prevalence of final TIMI 3 after
primary PCl was significantly lower in patients with CAVB compared
with those without (27% vs 82% in anterior STEMI and 67% vs 82%
in nonanterior STEMI, respectively, both p <.05). Anterior STEMI
patients with CAVB had significantly lower LVEF compared with
those without CAVB (35 + 12% vs 43 + 11%, p < .05), while non-
anterior STEMI patients with CAVB had a significantly higher LVEF
compared with those without CAVB (52 + 12% vs 50 + 10%, p < .05).
There was a higher tendency of multi-vessel disease in anterior STEMI
patients with CAVB compared with those without CAVB (73% vs
46%, p = .08), whereas similar tendency between nonanterior STEMI
patients with CAVB and without (53% vs 57%, p = .48). Decreased
renal function were observed in STEMI patients with CAVB. Time to
reperfusion was significantly shorter in all patients and nonanterior
STEMI patients with CAVB than in those without CAVB, whereas no
significant difference was found between anterior STEMI patients
with CAVB and without. Direct transfer to emergency room by the
emergency services without going through primary care physicians
was significantly more frequent in all patients and nonanterior STEMI
patients with CAVB compared with those without CAVB (17% vs 5%
in all patients and in nonanterior STEMI patients, respectively, both
p < .05), and difference was close to significance between anterior
STEMI patients with CAVB and without (18% vs 4%, p = .09).

3.2 | Clinical outcomes in anterior STEMI

As shown in Table 2, anterior STEMI patients with CAVB had a higher
prevalence of cardiogenic shock compared with those without CAVB
(64% vs 9%, p < .05) and ADHF during hospitalization (100% vs 20%,
p < .05). In-hospital mortality of anterior STEMI patients with CAVB
reached 55%, which was significantly worse compared with those
without CAVB (7%). Not only short-term but long-term mortality were
higher in anterior STEMI patients with CAVB compared to those with-
out CAVB. Prevalence of overall devise implantation did not differ
between anterior STEMI patients with CAVB and without.

The detail time courses and outcomes of 11 anterior STEMI
patients with CAVB are summarized in Supplementary Table. We
confirmed CAVB in three patients before PCl and the rest developed
CAVB during or after PCl. There were eight patients (73%) with
multi-vessel disease. All patients underwent successful primary PCl,
and had their final TIMI flow of at least 2. Six patients required tem-
porary transvenous pacing due to hemodynamic instability. CAVB
was transient in 10 patients. However, we implanted a permanent
pacemaker (PPM) in one patient at 10 days after STEMI onset due to
a new-onset CAVB after PCI. Six patients (55%) died during the hos-
pitalization, and the cause of deaths were myocardial pump failure or
cardiogenic shock. On the other hand, CAVB disappeared in all

survivors.

TABLE 2 Clinical outcomes of the patients divided by the presence of complete atrioventricular block

All patients Anterior STEMI Nonanterior STEMI

CAVB (+) CAVB (-) CAVB (+) CAVB(-) CAVB (+) CAVB(-)

(n=81) (n=1214) pvalue (n=11) (n = 629) pvalue (n=70) (n = 585) p value
Complications during hospitalization
Cardiogenic shock, n (%) 20 (24) 85(7) <0.05 7 (64) 57 (9) <0.05 13(19) 28 (5) <0.05
Decompensated heart failure, n (%) 31(38) 175 (14) <0.05 11 (100) 128 (20) <0.05 20 (29) 47 (8) <0.05
Ventricular arrhythmias, n (%) 11 (14) 113 (9) 0.21 5 (45) 66 (10) <0.05 6(9) 47 (8) 0.88
Device implantation, n (%) 4 (5) 14 (1) <0.05 1(9) 7 (1) 0.13 3(4) 7 (1) 0.08
PPM, n (%) 2(2) 4(1) <0.05 1(9) 1(1) <0.05 1(1) 3(1) 0.36
ICD, n (%) 1(1) 9(1) 0.48 0(0) 5(1) 1.00 1(1) 4(1) 0.43
CRT, n (%) 1(1) 1(1) 0.12 0(0) 1(1) 1.00 1(1) 0(0) 0.11
Short-term outcomes
In-hospital mortality, n (%) 9(11) 59 (5) <0.05 6 (55) 42 (7) <0.05 3 (4) 17 (3) 0.46
30-day mortality, n (%) 8(10) 59 (5) 0.05 5 (46) 41(7) <0.05 3(4) 18 (3) 0.49
Long-term outcomes
All-cause death, n (%) 30(37) 233 (19) <0.05 9 (82) 128 (20) <0.05 21(30) 105 (18) <0.05
MACCE, n (%) 26 (32) 268 (22) <0.05 9(82) 159 (25) <0.05 17 (24) 109 (19) 0.26
Cardiac death, n (%) 14 (18) 112 (9) <0.05 8(73) 74 (12) <0.05 6(9) 38(7) 0.45
Nonfatal Ml, n (%) 4 (5) 64 (5) 1.00 0(0) 27 (4) 1.00 4 (6) 37 (6) 1.00
Nonfatal stroke, n (%) 5(6) 71 (6) 0.90 0(0) 34 (5) 1.00 5(7) 37 (6) 0.80
Hospitalization due to HF, n (%) 6(7) 88(7) 0.96 2 (18) 59 (9) 0.28 4 (6) 29 (5) 0.77

Note: Data are presented as frequency (percentage) for categorical variables. STEMI indicates ST-segment elevation myocardial infarction.
Abbreviations: CAVB, complete atrioventricular block; CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator;
MACCE, major adverse cardiocerebrovascular event; MI, myocardial infarction; PPM, permanent pacemaker.



KAWAMURA ET AL

Kaplan-Meier analyses also showed that all-cause mortality and
MACCE were significantly higher in anterior STEMI patients with
CAVB compared to those without CAVB (p < .05 by Log-rank test)
(Figure 1(A) and (B)). Table 3 displays univariate and multivariate ana-
lyses for all-cause mortality and MACCE in anterior STEMI patients.
Univariate analysis showed that CAVB was significantly associated
with all-cause mortality (HR: 9.22; 95% Cl: 4.30-17.38, p < .05) and
MACCE (HR: 6.69; 95% ClI: 3.15-12.47, p < .05), respectively. Multi-
variate Cox proportional hazard analysis showed that CAVB were
associated with all-cause mortality (HR: 3.01; 95% Cl: 1.33-6.09,
p < .05) and MACCE (HR: 2.23; 95% Cl: 1.01-4.38, p < .05) in anterior
STEMI patients, respectively. Furthermore, age, eGFR <60 mL/
min/1.73 m?, Killip 22, and LVEF <40% were also independent predic-
tors for both all-cause mortality and MACCE. Meanwhile, the male
gender was only for all-cause mortality and log peak CPK was only for
MACCE in anterior STEMI patients. These results indicate that ante-
rior STEMI patients complicated with CAVB had poor outcomes even
after successful primary PCI.

3.3 | Clinical outcomes in nonanterior STEMI

Nonanterior STEMI patients with CAVB had a higher Killip classifica-
tion than those without CAVB (Table 1). Cardiogenic shock and ADHF

(A) 1o

CAVB (-)

All-cause death
o
(.{1

1 CAVB (+) Log-rank p<0.05
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FIGURE 1
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were significantly more in nonanterior STEMI patients with CAVB
compared to those without CAVB (19% vs 5%, and 29% vs 8%,
respectively, both p < .05) (Table 2). However, in-hospital and 30-day
mortality did not differ between nonanterior STEMI patients with
CAVB and those without CAVB. Although we found a significantly
higher all-cause mortality in nonanterior STEMI patients with CAVB
compared to those without CAVB (30% vs 18%, p < .05), no signifi-
cant difference was found in the incidence of MACCE between non-
anterior STEMI patients with and without CAVB (24% vs 19%,
p = .26) (Table 2). One nonanterior STEMI patient with CAVB regained
sinus rhythm after PCI. However, PPM implantation was needed due
to HV-interval prolongation in electrophysiological study. We
implanted implantable cardioverter defibrillator (ICD) or cardiac
resynchronization therapy with defibrillator in two nonanterior STEMI
patients with CAVB for primary or secondary prevention of sudden
cardiac death. Among nonanterior STEMI patients without CAVB,
seven patients needed permanent pacing devices; three underwent
PPM because of SSS and four underwent ICD implantation for pri-
mary or secondary prevention of sudden cardiac death. Although
Kaplan-Meier analyses showed a significantly higher incidence of all-
cause death in nonanterior STEMI patients with CAVB compared to
those without CAVB (p < .05 by Log-rank test), we observed no signif-
icant difference in the incidence of MACCE (p = .27) (Figure 1(C) and
(D)). By multivariate analysis, CAVB was not associated with all-cause

Log-rank p<0.05

T T T T T T

T T T T T T T
0 500 1000 1500 2000 2500 3000 3500

Number at risk Days
CAVB () 629 444 345 254 176 127 71 29

CAVB(+) 11 3 2

Log-rank p=0.27

0.0——
0 500

T T T T T T

T T T T T
1500 2000 2500 3000 3500
Days

T
1000

Number at risk
CAVB(-) 585 444 340 247 178 119 62 28
CAVB (+) 70 56 40 33 21 11 9 4

Comparisons of Kaplan-Meier curves for all-cause death A, and for MACCE, B, in anterior STEMI patients with/without CAVB,

and those for all-cause death, C, and for MACCE, D, in nonanterior STEMI patients with/without CAVB. Cumulative incidence curves of STEMI
patients with CAVB (red line) and without (blue line) are shown. MACCE; major adverse cardiocerebrovascular events, STEMI; ST-segment

elevation myocardial infarction, CAVB; complete atrioventricular block
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TABLE 3 Predictors of all-cause death and MACCE in anterior STEMI patients

e Univariate analysis Multivariate analysis (Model A) Multivariate analysis (Model B)
HR 95% CI p value HR 95% CI p value HR 95% Cl p value

All-cause death
CAVB 922 4.30-17.38 <.05 6.22 2.89-11.83 <.05 3.01 1.33-6.09 <.05
Age 1.07 1.05-1.09 <.05 1.07 1.05-1.09 <.05 1.06 1.04-1.08 <.05
Male gender 1.08 0.73-1.67 .70 1.47 0.98-2.28 .06 1.57 1.01-2.53 <.05
Hypertension 0.97 0.67-1.43 .88 - - - 0.93 0.61-1.43 73
Dyslipidemia 0.55 0.38-0.81 <.05 - - - 0.71 0.48-1.08 A1
Diabetes mellitus 1.14  0.82-1.60 44 - - - 1.22 0.85-1.76 .28
Smoking 0.56 0.37-0.81 <.05 - - - 1.07 0.67-1.68 .78
eGFR<60 mL/min/1.73mL? 5.31 3.77-7.55 <.05 - - - 2.57 1.73-3.83 <.05
Killip class 22 597 4.26-843 <.05 - - - 3.04 2.05-4.51 <.05
Log peak CPK 2.12 1.42-3.27 <.05 - - - 1.23 0.79-1.95 .36
LVEF <40% 2.99 2.12-4.25 <.05 - - - 1.70 1.15-2.52 <.05
Final TIMI flow <1 3.26 1.54-6.05 <.05 - - - 1.87 0.72-4.06 .18
MACCE
CAVB 6.69 3.15-12.47 <.05 5.05 2.37-9.49 <.05 2.23 1.01-4.38 <.05
Age 1.05 1.03-1.06 <.05 1.00 1.03-1.06 <.05 1.04 1.02-1.06 <.05
Male gender 0.84 0.60-1.22 .35 1.05 0.74-1.52 79 0.89 0.60-1.34 .58
Hypertension 0.98 0.70-1.39 91 - - - 0.98 0.68-1.43 .90
Dyslipidemia 0.72 0.51-1.04 .08 - - - 0.91 0.62-1.34 .62
Diabetes mellitus 1.27 0.94-1.74 12 - - - 1.27 0.92-1.77 14
Smoking 0.75 0.54-1.03 .08 - - - 1.41 0.94-2.09 .09
eGFR<60 mL/min/1.73mL? 4.21 3.09-5.74 <.05 - - - 244 1.71-3.49 <.05
Killip class 22 4.55 3.35-6.17 <.05 - - - 2.16 1.50-3.10 <.05
Log peak CPK 2.37 1.64-3.49 <.05 - - - 1.51 1.00-2.28 <.05
LVEF <40% 2.95 2.16-4.04 <.05 - - - 1.76 1.24-2.49 <.05
Final TIMI flow <1 2.50 1.18-4.62 <.05 - - - 1.48 0.57-3.15 .38

Abbreviations: Cl; confidence interval; HR indicates hazard ratio; Other abbreviations as in Tables 1-2.

mortality and MACCE in nonanterior STEMI patients (Table 4). Age,
eGFR <60 mL/min/1.73 m?, Killip 22, and LVEF <40% were indepen-
dently associated with both all-cause mortality and MACCE in non-
anterior STEMI patients, while diabetes mellitus was an independent
predictor for MACCE.

4 | DISCUSSION

4.1 | Major findings

In the present study, we demonstrated that approximately 6.3% of
STEMI patients had a CAVB and its prevalence was more frequent in
nonanterior STEMI patients than in anterior STEMI patients. Anterior
STEMI patients with CAVB had worse outcomes compared to those
without CAVB. Nonanterior STEMI patients with CAVB had equivocal
short-term outcomes compared to those without CAVB, whereas they
had more all-cause deaths compared to those without CAVB. Multi-
variate analysis demonstrated that CAVB was an independent

predictor for all-cause death and MACCE in anterior STEMI patients,
whereas it was not an independent predictor in nonanterior STEMI
patients. These findings indicate that CAVB in anterior STEMI
patients, but not in nonanterior STEMI patients, is associated with
worse outcomes, despite numerous technical advancements regarding

early diagnosis and reperfusion therapy in the era of primary PCI.

4.2 | Incidence of CAVB in STEMI patients

CAVB is one of the most common brady-arrhythmias in STEMI
patients, especially in inferior STEMI patients. The definition of AVB
are different and it is not unified in many articles. For example, AVB
was defined as “advanced” or “high-degree” AVB in some

510-13,16-20 \hile only CAVB was reported in others,}™#¢-9:21.22

studies,
Moreover, monitoring timing was different whether it was recorded
at admission or during hospitalization. Therefore, the frequency of
AVB might be different among articles. In the present study, we

focused on CAVB and showed that the incidence of CAVB was 6.3%
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TABLE 4

Univariate analysis

Multivariate analysis (Model A)

cvee: ISR

Predictors of all-cause death and MACCE in nonanterior STEMI patients

Multivariate analysis (Model B)

Factor HR 95% CI p value HR
All-cause death

CAVB 1.76  1.07-2.75 <.05 1.48
Age 108 1.06-1.10 <.05 1.08
Male gender 0.78 0.52-1.19 24 1.40
Hypertension 1.11 0.75-1.66 .61 -
Dyslipidemia 0.57 0.39-084 <05 -
Diabetes mellitus 1.18 0.83-1.68 .35 -
Smoking 049  0.34-072 <05 -
eGFR<60 mL/min/1.73mL?>  3.95 2.75-574  <.05 -
Killip class 22 3.56 2.36-5.24 <.05 -
Log peak CPK 0.74 049-1.12 15 -
LVEF <40% 2.39 1.56-3.55 <.05 -
Final TIMI flow <1 201 0.98-3.64 .05 -
MACCE

CAVB 133 0.77-2.16 .29 1.22
Age 1.04 1.03-1.06 <.05 1.04
Male gender 061 042-091 <.05 0.85
Hypertension 1.45 0.96-2.24 .08 -
Dyslipidemia 0.81 0.55-1.26 .34 -
Diabetes mellitus 141 099-2.01 .05 -
Smoking 0.57 0.39-0.81 <.05 -
eGFR<60 mL/min/1.73mL?>  2.82  1.98-4.03 <.05 -
Killip class 22 3.34  221-4.99 <.05 -
Log peak CPK 116 0.76-1.82 .50 -
LVEF <40% 252  1.62-378 <05 -
Final TIMI flow <1 204 1.00-370 <.05 -

Note: Abbreviations as in Tables 1-3.

in overall STEMI patients. This value was relatively higher compared
with previous studies.>® For example, Nguyen et al. reported that the
incidence rate of CAVB in AMI patients was 5% to 7% between 1975
and 1990 and declined over time to 2% to 3% between 2000 and
2005.1 Aplin et al. also reported that among 6657 AMI patients,
340 (5.1%) developed CAVB between May 1990 and June 19922 It
should be noted that their studies included both STEMI and non-
STEMI (NSTEMI) patients. Pokorney et al. recently reported that the
incidence of high-degree AVB (Mobitz type Il or CAVB) was 0.4%
(112/29677) in NSTEMI patients. This indicates that CAVB was infre-
quent complication in NSTEMI patients.?® Our study included only
STEMI patients, and therefore, we may have found a relatively higher
incidence of CAVB in the present study.

4.3 | Impact of CAVB on clinical outcomes in
STEMI patients

The association between CAVB and worse outcomes has been reported
in several studies.x*?%22 Nguyen et al. showed that AMI patients with

95% CI p value HR 95% CI p value
0.90-2.33 A2 0.99 0.57-1.64 .98
1.06-1.10 <.05 1.08 1.05-1.10 <.05
0.92-2.18 A2 1.35 0.86-2.18 19
- - 0.94 0.63-1.43 77
- - 0.86 0.57-1.31 47
- - 1.30 0.89-1.89 .18
- - 1.21 0.78-1.84 40
- - 2.27 1.53-3.39 <.05
- - 2.44 1.52-3.83 <.05
- - 0.71 0.46-1.01 71
- - 1.78 1.12-2.74 <.05
- - 1.83 0.81-3.56 14
0.70-1.98 46 091 0.50-1.55 .75
1.03-1.06 <.05 1.04 1.02-1.06 <.05
0.57-1.29 44 0.77 0.60-1.34 .25
- - 1.26 0.83-1.98 .28
- - 0.99 0.65-1.57 .98
- - 1.48 1.02-2.16 <.05
- - 1.06 0.69-1.62 79
- - 1.79 1.21-2.65 <.05
- - 2.03 1.25-3.20 <.05
- - 1.10 0.70-1.73 .67
- - 1.81 1.12-2.85 <.05
- - 1.87 0.83-3.66 A2

CAVB had a higher hospital mortality than those without CAVB (43%
vs 13%).r Harpaz et al. further showed that AMI patients with CAVB
had a higher 30-day (21% vs 6%) and 1-year mortality (35% vs 15%)
than those without CAVB in the era of thrombolytic therapy.® Spencer
et al. showed that AMI patients with CAVB experienced significantly
higher hospital death rates than those without CAVB (47% vs 15%).%
Furthermore, they showed that among discharged patients, 5-year sur-
vival rate for patients with an anterior AMI with CAVB was lower than
those without CAVB (37% vs 62%), whereas it was approximately 70%
in patients with inferior AMI with CAVB. Consistent with these previ-
ous reports, our study in the era of primary PCl revealed that CAVB in
nonanterior STEMI patients was also not independently associated with
short-term, nor long-term mortality.

In contrast, anterior STEMI patients with CAVB had a higher mor-
tality even in the era of primary PCl. Hreybe et al. previously showed
that patients with anterior or lateral AMI were more likely to die prior
to hospital discharge compared to those with an inferior or posterior
AMI (11% vs 8%).” In the present study, the mortality among the
CAVB group was substantially higher in anterior STEMI than in non-
anterior STEMI (82% vs 30%, p < .05). In anterior STEMI, CAVB
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patients died four times more than those without CAVB within the
follow-up period (82% vs 20%). This finding corresponds to the previ-
ous studies demonstrating that the negative prognostic impact of
high-degree AVB differs according to the location of infarct area,
although much clearer in anterior STEMI.*7121622 Eyrthermore, we
found an association between anterior STEMI complicating CAVB and
poor prognosis at 30-day follow-up (46% vs 7%, p < .05). In contrast,
nonanterior STEMI patients with CAVB treated with primary PCl had
a similar in-hospital and 30-day mortality compared with nonanterior
STEMI patients without CAVB.

In the present study, time from onset to reperfusion was shorter
in STEMI patients with CAVB compared with those without CAVB.
AMI patients with CAVB may have additional symptoms such as dizzi-
ness or syncope primarily due to bradycardia, and they will be often
referred to hospital immediately because of their poor conditions. This
may be supported by our data showing that direct transfer to emer-
gency room by the emergency services without going through primary
care physicians was significantly more frequent in STEMI patients
with CAVB than in those without.

44 |
Patients

Possible mechanism of CAVB in STEMI

CAVB can occur in STEMI patients with either inferior or anterior
infarction, though more common in inferior STEMI patients. The
mechanism of conduction disturbance in STEMI patients is different
according to the location of infarction. As expected, CAVB was more
frequent in nonanterior STEMI. This is due to hypoperfusion of the
AV nodal artery that is mainly supplied by RCA and rarely from
LCX.>2%27 This is also due to occlusion of RCA that secondarily
increases acetylcholine release from the inferoposterior myocardium
leading to an increasing parasympathetic tonus.?* Otherwise, CAVB is
thought to be provoked by local release of potassium, adenosine, or a
mixture of all the mentioned mechanisms.’

The conduction tissue of the AV node is usually resistant to per-
manent damage from ischemia due to the high intracellular contents
of glycogen, the complex arterial blood supply such as from the septal
perforators of LAD, and the capability of nutrient and oxygen absorp-
tion supplied from adjacent venous sinusoids.283° Narrow QRS com-
plex junctional escape rhythms with a rate exceeding 40 bpm occur
commonly, and pacing is not generally necessary in inferior STEMI
patients because it is often transient. Meanwhile, in anterior STEMI
patients, CAVB can occur suddenly and typically have unstable escape
rhythms with wide QRS complexes and rates below 40 bpm (ventricu-
lar asystole may occur quite suddenly).3* CAVB generally develops as
a result of extensive septal necrosis involving the His bundle or bun-
dle branches traveling within the interventricular septum mainly sup-
plied by LAD.®?32 LAD also supplies the distal bundle branches and
anterior STEMI must be very extensive to cause ischemia or necrosis
of all these bundle branches. Although anterior STEMI causing CAVB
rarely occur, extensive damage to the His bundle and the conduction

system below the level of the His bundle caused by occlusion of LAD

may explain the worse outcomes.®® Consistent with the previous
studies showing the close association between CAVB and worse
outcomes,>1012.16-18.21 yntarior STEMI patients with CAVB had lower
LVEF and higher peak-CPK levels supporting extensive infarct size in
the present study. Indeed, they experienced a higher incidence of car-
diogenic shock and decompensated heart failure during hospitaliza-
tion. Taken together, extensive conduction disturbance and
myocardial damage in anterior STEMI patients with CAVB may be

related to the worse outcomes.

45 | Study limitations

Our study has several limitations. Firstly, we designed and per-
formed this study in a single center. Secondly, we were unable to
determine the precise onset or duration of CAVB and recovery
timing from CAVB due to the retrospective nature of the study.
Thus, we could not distinguish effects attributable to transient ver-
sus sustained CAVB during hospitalization. Thirdly, since CAVB was
diagnosed based on ECG reports after contact of the patients with
the emergency medical services, we may have missed transient
CAVB before their contact. This may lead to an underestimate of the
incidence of CAVB. Fourthly, ECG was not continuously monitored
during all periods of hospitalization. Therefore, we might not have
captured all CAVB episodes particularly in patients with asymptom-
atic transient CAVB. Furthermore, information on bundle branch or
bifascicular block, and the duration of CAVB was lacking. Finally,
because of consciousness disorder or severe condition in some
patients, we could not interview all patients about previous medical
therapy including beta-blocker that was associated with develop-
ment of bradycardia.

5 | CONCLUSION

Although CAVB is a rare complication in anterior STEMI patients, it
remains a poor prognostic complication even in the primary PCI era.
Therefore, anterior STEMI patients with CAVB may require a more
careful monitoring. Further studies are needed to determine the

impact of CAVB and optimal treatment in these patients.
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