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Background

Methods and
results

Keywords

While prior work has suggested that a high-grade atrioventricular block (HAVB) in the setting of an acute coronary syn-
drome (ACS) is associated with in-hospital death, limited information is available on the incidence of, and death associated
with, HAVB in ACS patients receiving contemporary management.

The incidence of HAVB was determined within The Global Registry of Acute Coronary Events (GRACE). The clinical
characteristics, in-hospital therapies, and outcomes were compared between patients with and without HAVB.
Factors associated with death in patients with HAVB were determined. A total of 59 229 patients with ACS between
1999 and 2007 were identified; 2.9% of patients had HAVB at any point during the index hospitalization; 22.7% of
whom died in hospital [adjusted odds ratio (OR) = 4.2, 95% confidence interval (Cl), 3.6—4.9, P < 0.001]. The associ-
ation between HAVB and in-hospital death varied with type of ACS [OR: ST-segment elevation myocardial infarction
(STEMI) = 3.0; non-STEMI = 6.4; unstable angina = 8.2, P for interaction < 0.001]. High-grade atrioventricular block
presentat the time of presentation to hospital (vs. occurringin-hospital) and early (< 12 h) percutaneous coronary inter-
vention or fibrinolysis (vs.>>12 h or no intervention) were associated with improved in-hospital survival, whereas tem-
porary pacemaker insertion was not. Patients with HAVB surviving to discharge had similar adjusted survival at 6 months
compared with those without HAVB. A reduction in the rate of, but not in-hospital mortality associated with, HAVB was
noted over the study period.

Acute coronary syndromes e Atrioventricular block e Avrtificial pacemaker e Percutaneous coronary intervention

Introduction

High-grade atrioventricular block (HAVB), defined as the presence of
Mobitz type Il second-degree or third-degree AV block, is a worri-
some finding in patients with acute coronary syndromes (ACS).
Prior studies have reported the incidence of HAVB in ACS
between 3 and 14% with an associated three- to five-fold increased

risk of in-hospital death.'~"? These reports have been limited by
the small numbers of patients studied, typically in ST segment myo-
cardial infarction (STEMI) patients, and predominantly in patients
receiving care in, or prior to, the 1990s." 12 Furthermore, the asso-
ciations between clinical factors including in-hospital therapies
received, and the risk of death within this group of patients is not
well described. To address these limitations, we analysed data from
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a global population of ACS patients to determine: (i) the incidence of
HAVB complicating ACS, (ii) the risk of death, and (jii) factors asso-
ciated with death in patients with HAVB.

Methods

The design of the Global Registry of Acute Coronary Events (GRACE)
study has previously been reported.’ In brief, this prospective multi-
national registry enrolled patients with ACS at 126 hospitals in 14 coun-
tries between 1999 and 2007. Eligible patients were > 18 years of age with
a presumptive diagnosis of ACS and >1 of the following findings: abnor-
mal cardiac biomarkers, electrocardiography (ECG) changes consistent
with ACS, or prior coronary artery disease. Patients were excluded if
the ACS was precipitated by non-cardiovascular co-morbidities including
trauma, gastrointestinal bleeding, or an operation or procedure. Local
hospital ethics review board approval was obtained at each site and,
where necessary, informed consent obtained from participating patients.

Standardized case report forms were completed by local study
co-ordinators or physicians to document patient demographics, clinical
history, presenting features, medication use (before and during hospital-
ization), in-hospital management (medical and invasive therapies), and
in-hospital clinical events. Follow-up was also performed at 6 months
to ascertain vital status and identify new clinical events.

ST-segment elevation myocardial infarction was defined as >1 mm
ST-segment elevation in two contiguous leads or new left bundle
branch block, accompanied by > 1 positive cardiac biomarker confirming
cardiac necrosis. Non-STEMI was diagnosed when >1 positive cardiac
biomarker confirming cardiac necrosis was present without new
ST-segment elevation. Unstable angina pectoris (UA) was diagnosed
when cardiac biomarkers were within normal limits. The diagnosis of
ACS was confirmed at the time of discharge.

ECGs were interpreted at the enrolling centre and not centrally adjudi-
cated. High-grade atrioventricular block was defined in the GRACE as the
presence of either Mobitz Il second-degree AV block or third-degree AV
block. High-grade atrioventricular block was categorized as occurring at
presentation if HAVB was present on the index ECG and presumed to
be of new onset. High-grade atrioventricular block was categorized as oc-
curring in-hospital if HAVB was noted only on subsequent ECGs and not
the index ECG. Patients with HAVB on both the index and subsequent
in-hospital ECGs were categorized as HAVB at presentation.

Patients with ACS were categorized into one of two groups: those with
HAVB and those without HAVB at any time during the ACS. Demograph-
ic, clinical features, and the use of in-hospital therapies were reported for
each group. Continuous variables were reported as medians with 25th
and 75th percentiles and categorical variables as percentages. Compari-
sons of the continuous and categorical variables were made with the
Mann—Whitney U and X tests, respectively.

Multiple logistic regression analysis adjusting for the GRACE risk score,
avalidated predictor of in-hospital mortality"*'> and the region in which
the ACS occurred [(i) Europe; (i) USA; (iii) Argentina/Brazil; (iv) Austra-
lia/New Zealand/Canada] was performed to assess the adjusted odds
ratio (OR) and 95% confidence interval (Cl) of in-hospital death asso-
ciated with HAVB at any time during the admission for ACS. To assess
the impact of the type of ACS, we repeated this analysis for each of
STEMI, non-STEMI, and UA. Similar analyses were employed for
6-month outcomes.

Patients with HAVB were further evaluated according to the time
HAVB was first noted (at presentation or in-hospital), and their vital
status at hospital discharge. Univariate and multiple logistic regression
analyses were performed to estimate the odds associated with various
clinical factors and in-hospital death within this group of patients.

Linear temporal trend in rates was assessed by the Mantel—Cochran—
Haenszel test. An alpha level of 0.05 was used in all significance testing.

Allanalysis was conducted using the SAS software package, version 9.2
(SAS Institute, Cary, NC, USA).

Results

A total of 59 229 patients with ACS hospitalized between 1999 and
2007 were included: 37% with STEMI, 33% with non-STEMI, and
30% with UA. Overall HAVB was present in 2.9% of the cohort;
the incidence of HAVB with STEMI, non-STEMI, and UA was 5.0,
1.9, and 1.5%, respectively (P < 0.001) (Figure 1). High-grade atrio-
ventricular block occurred at the time of presentation in 46% of
patients, whereas 54% developed this complication during the
index hospitalization.

Patients with HAVB presented with higher-risk features as evi-
denced by the higher GRACE risk score at the time of ACS presen-
tation (Table 7). Cardiac catheterization was performed less
frequently in patients with HAVB (58.2 vs. 62.7%) (Table 2).
In-hospital complications such as heart failure (30.6 vs. 12.8%),
shock (23.3 vs. 3.5%), and ventricular arrhythmias (14.0 vs. 2.7%)
were more common in patients with HAVB. Of note, temporary
pacemaker insertion was utilized in 35.0% of patients with HAVB
compared with 1.5% without HAVB. The indication for temporary
pacemaker insertion was not available in the GRACE.

Overall, 23% of patients with HAVB died prior to hospital dis-
charge compared with 4.3% without HAVB (P < 0.001). After adjust-
ing for the GRACE risk score and study region, this association
remained statistically significant with an OR of in-hospital death of
4.2 (95% Cl, 3.6—4.9; P < 0.001). The association between HAVB
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Figure | Rates of high-grade atrioventricular block (at presenta-
tion or later in-hospital) and associated in hospital mortality by
acute coronary syndrome type. P < 0.001 for the interaction
between high-grade atrioventricular block with acute coronary syn-
drome type (grey bars) and odds of death with each acute coronary
syndrome type (see text for details).
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Table I Baseline demographic, clinical features at presentation, in-hospital invasive therapies received, and clinical
outcomes for patients with acute coronary syndrome according to the presence or absence of high-grade atrioventricular

block
HAVB (n = 1701) No HAVB (n = 57 528) P-value
Age (years)? 70 (60-79) 66 (56-76) <0.001
Men (%) 1135 (66.6) 38819 (67.3) 0.01
Medical history (%)
Diabetes 496 (29.5) 14 348 (25.1) <0.001
Hypertension 1019 (60.5) 35637 (62.3) 0.14
Dyslipidaemia 641 (38.2) 27 965 (49.0) <0.001
Peripheral vascular disease 176 (10.5) 5265 (9.2) 0.09
Transient ischaemic attack/stroke 155 (9.2) 4736 (8.3) 0.09
Myocardial infarction 441 (26.1) 17182 (30.0) 0.001
Percutaneous coronary intervention 223 (13.2) 10326 (18.0) <0.001
Coronary artery bypass graft surgery 172 (10.2) 7110 (12.4) 0.01
Heart failure 215 (12.8) 5691 (10.0) <0.001
Pre-hospital medication use
Aspirin 526 (31.0) 23050 (40.1) <0.001
{3-Blocker 426 (25.2) 18961 (33.1) <0.001
Statin 265 (15.7) 16221 (284) <0.001
Angiotensin-converting enzyme inhibitor 379 (22.5) 16183 (28.3) <0.001
Angiotensin receptor blocker 79 (4.7) 3546 (6.3) 0.01
Clinical presentation
Systolic blood pressure (mmHg)* 126 (102-150) 140 (120-16) <0.001
Heart rate (b.p.m.)* 66 (50-83) 77 (65-90) <0.001
Killip class
| 1212 (72.8) 47048 (83.6) <0.001
I 268 (16.1) 6621 (11.8)
llhor IV 184 (11.1) 2611 (4.6)
Cardiac arrest 101 (6.0) 1102 (1.9) <0.001
ST-segment deviation 1302 (76.5) 31091 (54.0) <0.001
ST-segment elevation 1075 (63.2) 20872 (36.3) <0.001
ST-segment depression 744 (43.7) 18699 (32.5) <0.001
Q-waves 433 (25.5) 12233 (21.3) <0.001
Left bundle branch block 104 (6.1) 2757 (4.8) 0.02
Positive initial cardiac biomarkers 921 (56.5) 26 669 (47.6) <0.001
Ratio of maximum creatine kinase to upper limit of lab normal in first 24 h 4.8 (1.3-11.5) 1.7 (0.6-5.9) <0.001
Ratio of maximum troponin to upper limit of lab normal in first 24 h 54.5 (10.7-231) 17.3 (2.0-100) <0.001
Global Registry of Acute Coronary Events risk score® 151 (128-178) 128 (104-154) <0.001

*Median (25—75th percentiles).

and in-hospital death varied with type of ACS (P for interaction
< 0.001): 3.0 (95% Cl, 2.5-3.7; P < 0.001) for STEMI, 6.4 (95%
Cl, 4.7-88, P < 0.001) for non-STEMI, and 8.2 (95% Cl, 5.2-13,
P < 0.001) for UA (Figure 1).

Of the patients surviving the initial hospitalization, follow-up at 6
months was obtained for 80%. Patients lost to follow-up had a
similar rate of in-hospital HAVB (2.4 vs. 2.3%, P = 0.51), median
age (66 vs. 66, P=0.65), and GRACE risk score (127 vs. 128,
P =0.04) compared with those where follow-up was complete.
No significant difference in post-discharge mortality between HAVB

and non-HAVB patients was observed at 6 months [7.2 vs. 4.2%;
adjusted OR = 1.06 (95% Cl = 0.80—-1.4)].

The rate of HAVB in all ACS patients, temporary and permanent
pacemaker implantation, and in-hospital mortality for patients with
ACS (with and without HAVB) was determined for each year of
the study (Figure 2). A significant linear decline was observed in the
rate of HAVB in general (0.02%/year; P for trend < 0.001) including
HAVB occurring at presentation (0.05%/year; P for trend = 0.02)
and HAVB developing in-hospital (0.2%/year; P for trend <0.001),
temporary (0.2%/year; P for trend<<0.001), and permanent
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Table2 In-hospital procedures, clinical outcomes, and discharge medications for patients with acute coronary syndrome
according to the presence or absence of high-grade atrioventricular block

HAVB (n = 1701) No HAVB (n = 57 528) P-value
In-hospital procedures (%)
Cardiac catheterization 981 (58.2) 35808 (62.7) <0.001
Percutaneous coronary intervention 720 (42.7) 22421 (39.3) 0.005
Percutaneous coronary intervention <12 h 390 (24.8) 8213 (15.4) <0.001
Coronary artery bypass graft surgery 81 (4.8) 2929 (5.2) 0.61
Fibrinolytics 413 (24.6) 7264 (12.8) <0.001
Left ventricular ejection fraction assessment 837 (49.2) 27295 (47.4) 0.15
Temporary pacemaker 593 (35.0) 879 (1.5) <0.001
Permanent pacemaker 100 (5.9) 250 (0.04) <0.001
Coronary anatomy: infarct territory® (%)
Left main 20 (233) 743 (2.5) 0.74
Left anterior descending 173 (19.7) 12717 (43.3) <0.001
Circumflex 100 (11.4) 5646 (19.2) <0.001
Right coronary artery 568 (64.7) 9200 (31.3) <0.001
Saphenous vein graft bypass 17 (1.9) 1092 (3.7) 0.005
Coronary anatomy: >50% stenosis® (%)
Left main 77 (4.9) 2597 (4.8) 0.86
Left anterior descending 580 (34.1) 23855 (41.5) <0.001
Circumflex 507 (29.8) 17 569 (30.5) 0.54
Right coronary artery 784 (46.1) 20351 (354) <0.001
Number of vessels with >50% stenosis® (%)
0 43 (4.4) 3053 (8.5) <0.001
1 298 (30.4) 12679 (35.4)
2 318 (32.4) 9943 (27.8)
3 or more 322 (32.8) 10133 (28.3)
Left ventricular ejection fraction®
Left ventricular ejection fraction (%, range) 48 (38-55) 50 (40-60) <0.001
In-hospital clinical events (%)
Myocardial re-infarction 50(5.2) 823 (2.3) <0.001
Congestive heart failure 514 (30.6) 7349 (12.8) <0.001
Cardiogenic shock 393(23.3) 2007 (3.5) <0.001
Cardiac arrest 409 (24.5) 2322 (4.1) <0.001
Sustained ventricular tachycardia 236 (14.0) 1574 (2.7) <0.001
Atrial fibrillation/flutter 313 (18.6) 4235 (74) <0.001
Acute renal failure 227 (13.5) 2095 (3.6) <0.001
Stroke 29 (1.7) 397 (0.7) <0.001
Death 386 (22.7) 2473 (4.3) <0.001
Discharge medications®
Aspirin 1018 (90.3) 44431 (90.9) 0.46
-Blocker 677 (60.4) 38908 (79.9) <0.001
Statin 722 (64.5) 35397 (72.8) <0.001
Angiotensin-converting enzyme inhibitor 723 (64.6) 30819 (63.4) 0.45
Angiotensin receptor blocker 41(3.7) 2653 (5.5) 0.01

*If had coronary angiography: performed in 981 with HAVB and 35 808 without HAVB.
PLeft ventricular assessment performed in 837 with HAVB and 27 295 without HAVB.
“Thousand three hundred and fifteen with HAVB discharged alive and 55 638 without HAVB discharged alive.
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Figure 2 Temporal change in the rate of clinical events (death with acute coronary syndrome and high-grade atrioventricular block; death with
acute coronary syndrome without high-grade atrioventricular block; high-grade atrioventricular block with any acute coronary syndrome; tempor-
ary pacemaker use; permanent pacemaker use) in patients with acute coronary syndrome between 2000 and 2007.

pacemaker use (0.06%/year; P for trend <0.001), and in-hospital
mortality in patients with ACS without HAVB (0.2%/year; P for
trend <0.001). A significant linear decline was not observed for
in-hospital mortality associated with HAVB (P for trend = 0.62) re-
gardless of the time HAVB occurred (at presentation; P for
trend = 0.33 vs. in-hospital; P for trend = 0.58).

Patients with HAVB (n = 1701) were further analysed according
to the time onset of HAVB (Supplementary material online, Appen-
dix Table S1). When compared with patients with HAVB at the time of
presentation, patients with HAVB that developed in-hospital had
similar GRACE risk scores (152 vs. 151, P = 0.69), rates of percutan-
eous coronary interventions (PCl) (43 vs. 43%, P = 0.96), but had a
larger number of coronary arteries with >50% stenosis (three or
more coronaries: 21 vs. 16%. P = 0.02), left anterior descending ter-
ritory infarctions (23 vs. 16%, P = 0.01), experienced a higher fre-
quency of in-hospital complications including re-infarction (7.5 vs.
2.9%, P =0.002), cardiogenic shock (29 vs. 17%, P < 0.001), and
had a higher use of permanent pacemakers (7.3 vs. 4.2%, P = 0.01).
In-hospital death was higher in patients with HAVB developing
in-hospital compared with HAVB present at the time of presentation
to the hospital [29 vs. 15%; adjusted OR = 2.9 (95% Cl = 2.1-4.0)].
For patients surviving to hospital discharge, there was no associated
increased risk of death at 6 months (adjusted OR = 0.92, 95%
Cl = 0.54-1.58).

Patients with HAVB were also analysed based on their vital status
at the time of the hospital discharge (Supplementary material
online, Appendix Table $2). Patients with HAVB who died in hospital
were older (74 vs. 69 years, P < 0.001), had higher GRACE risk
scores (180 vs. 145, P < 0.001), experienced more in-hospital

complications including myocardial re-infarction (15 vs. 2.7%, P <
0.001), congestive heart failure (53 vs. 24%, P < 0.001), cardiogenic
shock (67 vs. 11%, P < 0.001), and ventricular arrhythmias (28 vs.
9.8%, P < 0.001). Temporary pacemaker use was higher in HAVB
patients who died in hospital (52 vs. 30%, P < 0.001), whereas per-
manent pacemaker implantation was higher in survivors (7.1 vs. 1.8%,
P < 0.001). After adjusting for all statistically significant variables
present in the univariate analysis, associations between several vari-
ables and in-hospital death remained (Table 3). Specifically, HAVB
at presentation, receipt of fibrinolysis or PCl within 12 h of hospital-
ization,and receipt of a permanent pacemaker were associated with a
higher likelihood of in-hospital survival, whereas a prior history of
heart or renal failure and the use of a temporary pacemaker were
associated with higher risk of in-hospital death.

The positive association between permanent pacemaker implant-
ation and in-hospital survival was further assessed by evaluating the
association between permanent pacemaker implantation and sur-
vival after hospital discharge at 6 months. Patients with HAVB who
survived the initial hospital admission and received a permanent
pacemaker had an elevated odds of death at 6 months (adjusted
OR =24,95% Cl = 1.2-5.1).

Discussion

We described the clinical features and outcomes of HAVB in a global
registry of patients with a broad spectrum of ACS. Although the inci-
dence of HAVB in this cohort was lower than previously

d1,3,5,7,9,10

reporte and decreased throughout the study period,

patients with this complication had an associated increased risk
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Table3 Among patients with high-grade
atrioventricular block, adjusted associations for risk
factors with in-hospital death

Risk factor All patients with HAVB

(n = 1300, 266 deaths®)

HAVB at presentation vs. developing 0.35 (0.25-0.50)
in hospital

Percutaneous coronary intervention
<12 h and/or fibrinolytics

Temporary pacemaker

0.51(0.36-0.71)

2.06 (1.49-2.84)
0.20 (0.08-0.50)
149 (0.94-2.35)
1.67 (1.00-2.81)

Permanent pacemaker
History of heart failure
History of renal failure

Results are reported as ORs and 95% Cls.
2With complete covariate information; results are also adjusted for the GRACE risk
score for in-hospital mortality'* and geographic region.

of in-hospital death. Moreover, despite advances in ACS care,
in-hospital mortality associated with this complication did not
decrease over the 9-year period of the registry, confirming the
ongoing ominous nature of this complication. However, patients
with HAVB who survived the initial hospitalization had similar long-
term survival when compared with patients without HAVB.

Mechanism of high-grade atrioventricular
block with acute coronary syndrome

Multiple mechanisms for HAVB have been proposed in the setting of
ACS. Activation of parasympathetic afferent nerves in the inferior—
posterior wall of the left ventricle may result in reflex bradycardia
and AVB (Bezold—Jarisch reflex)."®~"® This phenomenon typically

1819 and is sensitive

appears early, may reflect coronary reperfusion,
to atropine.”'®?° The AV node itself may become ischaemic if its
blood supply is compromised.'® While the AV nodal artery typically
arises from the right coronary artery, collateral blood supply to the
AV node is provided by the septal perforators of the left anterior
descending artery and adjacent venous sinusoids, thereby providing
this structure with some degree of protection.?’ Furthermore, this
structure is resistant to transient ischaemia due to its high intra-
cellular content of glycogen.?? Despite this, prolonged ischaemia
with extensive myocardial necrosis may result in irreversible AV
nodal injury. Finally, extensive myocardial infarction involving the
septum, typically in the setting of an anterior Ml, may result in exten-
sive bilateral bundle branch infarction.?? It s likely that a combination
of these mechanisms is in play during episodes of HAVB with the
dominant mechanism of HAVB dictating the time course, duration,
and clinical consequences associated with this complication. For
example, our finding of a worse prognosis with UA or non-STEMI
compared with STEM|, a finding not previously reported in the lit-
erature, may reflect the fact that patients with UA and non-STEMI
typically have multi-vessel ischaemia with compromised primary
and collateral blood flow to the AV node and the septum resulting
in more severe conduction impairment, whereas STEMI patients

often have compromised, but frequently transient due to rapid
reperfusion, flow to asingle vessel resulting in less severe comprom-
ise to the conduction system.

Associations with in-hospital death in
high-grade atrioventricular block patients

High-grade atrioventricular block developing in-hospital was asso-
ciated with an increased risk of death when compared with HAVB
observed at presentation to the hospital. This finding is not surprising

as early HAVB may be related to increased vagal tone, '~ "? revers-
ible AV nodal ischaemia, or the act of reperfusion itself,17‘18 whereas
224

late HAVB may be associated with more complicated infarctions
as evidence by the higher rate of re-infarction and cardiogenic shock
observed in patients with HAVB developing in-hospital. Our data are
the first to demonstrate a positive association between reperfusion/
early revascularization and survival in patients with HAVB complicat-
ing ACS. We speculate that the potential benefit of fibrinolysis or
early PCl may be related to both the attenuation of the ischaemic
insult to the conduction system, reduction in the risk of re-infarction,
and a reduction in the overall infarct size, the latter of which has
consistently been shown to be associated with improved overall
survival.”®

Temporary pacing, an intervention clearly indicated in this popula-
tion,26 was not associated with a reduction in in-hospital death but in
factassociated with atwo-fold increase in the risk of in-hospital death.
While temporary pacemaker placement may be fraught with compli-
cations including ventricular fibrillation, cardiac perforation, and
septicaemia,”’ the increased risk of death observed in this study
likely reflects the fact that HAVB itself may not be responsible for a
patient’s death but rather be a reflection of the severity of the
patient’s ACS. Unlike temporary pacemaker insertion, a positive
association between permanent pacemaker implantation and
in-hospital survival was observed. While a true protective effect of
permanent pacing cannot be excluded, it is quite possible that this
finding may be related to survival bias—that is, patients receiving a
permanent pacemaker would be required to survive to the time of
pacemaker implantation which typically occurs later during hospital-
ization. The suggestion of increased odds of death at 6 months in
patients with HAVB who received a permanent pacemaker com-
pared with patients with HAVB who did not receive a pacemaker sug-
gests that permanent pacemaker implantation may also be a marker
of a higher-risk subgroup of patients with haemodynamically unstable
HAVB and ACS. In this situation, patients with HAVB may survive the
initial hospital admission thereby receiving a permanent pacemaker,
but die shortly thereafter despite correction of the conduction
abnormality due to the underlying severity of the ACS.

Implication

Our data suggest that the HAVB is associated with complicated ACS.
Although pacingis warranted in this situation, this intervention in iso-
lation may not improve survival in this patient population. Our find-
ings suggest that reperfusion/early revascularization and potentially
other interventions aimed at attenuating infarct size and minimizing
additional complications associated with ACS could have an impact
upon the incidence and possibly the outcomes associated with
HAVB. Such interventions should be aggressively pursued as patients
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who survive the initial hospitalization have a long-term survival com-
parable with those with ACS without HAVB. While long-term sur-
vival is not compromised in patients with HAVB surviving the acute
hospital admission, one cannot exclude impaired quality of life in
this subgroup of patients related to the detrimental effects of
in-hospital complications. For example, patients with HAVB had a
higher rate of stroke which may be a significant impact on long-term
quality of life.

Limitations

Limitations of our work must be acknowledged. First, the insertion of
temporary or permanent pacemakers was not randomized in this
observational study. Patient and physician treatment preferences,
availability of cardiac interventions, and other unmeasured confoun-
ders, likely existand may not be accounted forin our analysis. It would
be impossible to remove this bias outside the setting of a randomized
controlled trial, which is likely not feasible. Second, patients not sur-
viving the pre-hospital phase were not included in our registry which
could lead to an under-estimation of the incidence of HAVB and the
observed association between HAVB and death. Additionally, we
assessed the association between in-hospital therapies such as
early (within 12 h) PCl, temporary- and permanent-pacemakerinser-
tion on death; however, our findings may be biased as almost one
quarter of deaths in the GRACE registry occurred within the first
24 h of ACS admission " which could preclude receipt of these inter-
ventions. Third, in-hospital telemetry and frequent ECG monitoring
were not mandated which may have decreased the ability to detect
HAVB. This, as well as the absence of an ECG core lab, may have
resulted in misclassification and potential under-estimation of the
incidence of HAVB. Fourth, we were unable to distinguish HAVB
due to a Mobitz type Il second-degree from a third-degree AV
block in the GRACE thereby preventing us from exploring the differ-
ential impact of each type of AVB on clinical outcomes. Finally, our
analysis was of patients receiving care for ACS between 1999 and
2007, may not reflect current practice patterns. Despite these limita-
tions, ouranalysis ofthe GRACE is unique, as it provides an opportun-
ity to explore associations between HAVB and clinical events across a
wide spectrum of ACS patients globally.

In conclusion, although the incidence of HAVB with ACS is low,
in-hospital mortality with this condition remains high, and likely
reflects the severity of the ACS. Aggressive supportive care in add-
ition to pacing may be necessary to improve the outcome of patients
with this serious complication.

Supplementary material

Supplementary material is available at European Heart Journal online.
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