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Aims Bundle branch block (BBB) early during acute myocardial infarction (AMI) is often considered high
risk for mortality. Little is known about how different BBB types influence prognosis.
Methods and results The HERO-2 trial recruited 17 073 patients with ischaemic symptoms lasting
.30 min and either ST elevation with or without right bundle branch block (RBBB) or presumed-new
left bundle branch block (LBBB). Electrocardiograms were performed before and 60 min after the
start of fibrinolytic therapy. Using patients with normal intraventricular conduction as a reference,
odds ratios (ORs) for 30-day mortality were calculated for different BBB types (LBBB, RBBB with anterior
AMI, and RBBB with inferior AMI) present at randomization and/or 60 min, with adjustment for recruit-
ment region, pre-infarction characteristics, time to randomization, hemodynamics, and Killip class. At
randomization, the 873 patients (5.11%) with BBB had worse baseline characteristics than patients
without BBB. In patients presenting with LBBB (n ¼ 300), the ORs for 30-day mortality were 1.90
(95% CI 1.39–2.59) before and 0.68 (0.48–0.99) after adjustment for other prognosticators. In patients
presenting with RBBB (n ¼ 415) and anterior AMI, the ORs were 3.52 (2.82–4.38) before and 2.48
(1.93–3.19) after adjustment. In patients presenting with RBBB and inferior AMI (n ¼ 158), the ORs
were 1.74 (1.06–2.86) before and 1.22 (0.71–2.08) after adjustment. Within 60 min, 143 patients
(0.92%) developed new BBB. The adjusted ORs for 30-day mortality were 2.97 (1.16–7.57) in the
25 patients with new LBBB, 3.84 (2.38–6.22) in the 100 with new RBBB and anterior AMI, and 2.23
(0.54–9.21) in the 18 with new RBBB and inferior AMI.
Conclusion RBBB accompanying anterior AMI at presentation and new BBB (including LBBB) early after
fibrinolytic therapy are independent predictors of high 30-day mortality. These electrocardiographic
features should be considered in risk stratification to identify high-risk patients.
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Introduction

In the Fibrinolytic Therapy Trialists’ meta-analysis, patients
with bundle branch block (BBB) at randomization had a
35-day mortality rate of 23.6% without and 18.7% with fibri-
nolytic therapy.1 The trials included in the meta-analysis
made no distinction between right bundle branch block
(RBBB) and left bundle branch block (LBBB) and did not
specify whether the BBB was new or old.1

Different types of BBB occurring during the initial hours
of acute myocardial infarction (AMI) may have different

prognostic implications that are independent of other prog-
nostic factors. Development of new BBB despite prompt
fibrinolytic therapy may signify an extensive and ongoing
AMI.2 Some types of BBB may reflect larger infarct terri-
tories, indicating that these patients might benefit from
more aggressive reperfusion therapy.
Current risk score algorithms, such as the thrombolysis

in myocardial infarction (TIMI)3 and Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Occluded
Coronary Arteries (GUSTO)4 risk scores, do not take RBBB
into account, and only the TIMI score includes LBBB as a
risk factor.
In the Hirulog and Early Reperfusion or Occlusion (HERO)-2

trial,5 which compared bivalirudin with unfractionated
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heparin in patients receiving fibrinolytic therapy for AMI,
electrocardiograms (ECGs) were recorded at randomization
and at 60 min after commencing fibrinolytic therapy. There
was no difference in 30-day mortality between the two
treatment groups. We evaluated the prognostic value of
the three different types of BBB (LBBB, RBBB with anterior
AMI, and RBBB with inferior AMI) present at these two
timepoints.

Methods

The primary findings of the HERO-2 trial have been published
elsewhere.5 Patients presenting with ischaemic chest pain lasting
.30 min, ST elevation, or presumed-new LBBB within 6 h of
symptom onset were given streptokinase and aspirin and random-
ized to receive either bivalirudin or unfractionated heparin. The
primary endpoint was 30-day mortality.
This analysis was predefined prior to data lock in the HERO-2 trial.

ECGs were performed at randomization and at 60 min after
commencing fibrinolytic therapy. All ECGs were sent to the core
electrocardiographic laboratory at Green Lane Hospital (Auckland,
New Zealand) for analysis. A team of eight experienced electro-
cardiographic technicians screened the ECGs of all trial patients
to identify those with any widening of the QRS complexes on any
of the paired ECGs. Those ECGs were then reviewed by a cardiolo-
gist (CKW) to identify the current cohort who had BBB at either of
the two timepoints. Inter-observer variability and intra-observer
variability were not evaluated.

Definitions of LBBB and RBBB

LBBB was defined as the QRS duration of �0.12 s in the presence
of sinus or supraventricular rhythm; a QS or rS complex in lead V1
or an R-wave peak time of �0.06 s (often with a notched R-wave)
in lead I, AVL, V5, or V6 associated with the absence of a Q-wave
in the same lead.6 RBBB was defined as a prolonged QRS duration
of �0.12 s or an rsr’, rsR’, or rSR’ pattern in lead V1 or V2. If this
was not present, the R-wave in lead V1 had to be notched with a
prolonged R-wave peak time of .0.05 s in lead V1 and a normal
peak time in leads V5 and V6. Leads V6 and I had to show a QRS
complex with a wide S-wave (S duration .R duration or .0.04 s).7

In the ECGs showing an RBBB pattern, ST-segment changes were
measured at the J-point. AMI was classified as anterior if there
was �2 mm of ST elevation in two contiguous leads between V1
and V3. AMI was classified as inferior if there was �1 mm of ST
elevation in two contiguous leads between II, III, and AVF. Isolated
ST elevation of �1 mm in two contiguous lateral leads between V4
and V6, I, and AVL was classified as anterior AMI. Patients with
both anterior and inferior ST elevation were classified as having
anterior AMI. Cases of RBBB (n ¼ 21) that did not fulfil any of
these criteria were classified as anterior or inferior AMI depending
on the location of the lead with the greatest ST elevation.

Assessment of clinical prognostic factors and peak
enzyme levels

GUSTO risk scores were calculated to quantify the overall effect of
various risk factors for 30-day mortality. This score is based on rated
contributions from the interaction between age and Killip class,
heart rate, systolic blood pressure, previous AMI, and AMI location.4

The peak enzyme level was expressed as multiples of the upper limit
of normal (ULN) based on the creatine kinase myocardial band
(CK-MB) level or the creatine kinase (CK) level, if the CK-MB level
was unknown.

Statistical analysis

Data are presented as proportions or median values with interquar-
tile ranges (IQRs) as appropriate. Comparisons between groups were

done using x2 tests for categorical variables and the Mann–Whitney
U test for continuous variables. Comparisons were two-sided.
P-values of ,0.05 were considered significant. No adjustment was
made for multiple comparisons.

Using patients with normal intraventricular conduction at both
randomization and 60 min as a reference, the ORs for 24-h and
30-day mortality were calculated in patients with LBBB and RBBB
at randomization. Data from patients with RBBB were analysed
further according to the location of the AMI (anterior or inferior)
and compared with data from patients who had normal conduction
with AMI in the same location. The ORs were similarly calculated
for new LBBB and new RBBB developing within 60 min after pre-
sentation with normal intraventricular conduction.

To determine whether different types of BBB had independent
prognostic value, we calculated the OR for 30-day mortality in
each BBB subgroup and performed multivariable logistic regression
analysis to adjust stepwise for the different factors that might influ-
ence mortality. Randomization to bivalirudin or heparin did not
influence 30-day mortality5 and was not a predictor in any multi-
variable modelling of the association between BBB and 30-day
mortality.

The analysis was initially adjusted for the recruitment region
(Russia, Eastern Europe, Western countries, Latin America, and
Asia). Next, adjustments were made for pre-infarction character-
istics including age, gender, previous AMI, previous coronary or
vascular disease (including percutaneous coronary intervention,
coronary artery bypass grafting, previous angina, stroke, and transi-
ent ischaemic attack), diabetes mellitus, and smoking. Further
adjustment was made for the time to randomization. Finally, the
models were adjusted for pulse rate, systolic blood pressure and
Killip class. Mortality at 24 h was assessed as a secondary endpoint.8

Results

HERO-2 recruited 17 073 patients (Figure 1). BBB was
present at randomization in 873 patients (5.11%) including
300 (1.76%) with LBBB and 573 (3.36%) with RBBB (415
with anterior AMI and 158 with inferior AMI). Of the 15 483
patients who had normal intraventricular conduction at ran-
domization, 143 (0.92%) developed new BBB within 60 min
after commencement of fibrinolytic therapy including new
LBBB in 25 (0.16%) and new RBBB in 118 (0.76%; 100 with
anterior AMI and 18 with inferior AMI). The remaining
15 340 patients had normal intraventricular conduction at
both timepoints.

Among patients who had BBB at either of the two time-
points, the proportion of patients whose BBB developed
newly within 60 min was higher among patients with RBBB
accompanying anterior AMI (19.4%) than among those with
RBBB accompanying inferior AMI (10.2%, P ¼ 0.005) and
those with LBBB (7.7%, P, 0.001).

The 30-day mortality rates in the different BBB groups
ranged from 11.4% in patients presenting with RBBB accom-
panying inferior AMI to .30% in those developing new LBBB
within 60 min and in those presenting with or developing
new RBBB accompanying anterior AMI (Tables 1–3). Approxi-
mately 40% of deaths occurred within 24 h.

Patients with LBBB

Baseline characteristics were worse in the 300 patients with
LBBB at randomization and in the 25 patients developing
new LBBB within 60 min than in the 15 340 patients with
normal intraventricular conduction at both timepoints
(Table 1). The GUSTO risk scores were 61 (IQR 50–70) in
patients with normal conduction, 74 (IQR 63–84) in those
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with LBBB at randomization (P , 0.001), and 70 (IQR 63–78)
in those developing new LBBB within 60 min (P, 0.001).
The peak CK or CK-MB levels were higher in patients

developing new LBBB within 60 min (10.8 times the ULN,
IQR 6.3–21.3, P ¼ 0.03) than in those with normal con-
duction (7.5 times the ULN, IQR 3.4-14.1), but lower in
those with LBBB at randomization (4.1 times the ULN, IQR
2.0–9.1, P, 0.001).
The 30-day mortality rates ranged from 9.1% in patients

with normal conduction to 16% in those with LBBB at ran-
domization (P , 0.001) and 32% in those developing new
LBBB within 60 min (P, 0.001).

Patients with RBBB accompanying anterior AMI

The 415 patients with RBBB accompanying anterior AMI
at randomization had worse baseline characteristics than
the 7310 patients with anterior MI and normal intraventri-
cular conduction at both randomization and 60 min. The
100 patients who developed new RBBB within 60 min had
similar baseline characteristics to those of patients with
anterior AMI who did not develop RBBB (Table 2). The
GUSTO risk scores were 65 (IQR 53–74) in patients with
normal conduction, 72 (IQR 61–81) in those with RBBB at
randomization (P, 0.001), and 66.5 (IQR 57–76) in those
developing new RBBB within 60 min (P ¼ 0.22).
The peak CK or CK-MB levels were higher in patients with

RBBB at randomization (12.1 times the ULN, IQR 4.4–23.8,
P, 0.001) and in those developing new RBBB within
60 min (16.6 times the ULN, IQR 8.9–24.0, P, 0.001) than
in those with normal conduction (7.6 times the ULN, IQR
3.1–14.9).
Similarly, the 30-day mortality rates were higher in

patients with RBBB at randomization (31.6%, P, 0.001)
and in those developing new RBBB within 60 min (33%,
P, 0.001) than in those with normal conduction (11.6%).

Patients with RBBB accompanying inferior AMI

Baseline characteristics were worse in the 158 patients with
RBBB accompanying inferior AMI at randomization and in
the 18 patients developing new RBBB within 60 min than in
the 8030 patients with normal intraventricular conduction
at both timepoints (Table 3). The GUSTO risk scores were
55 (IQR 46–66) in patients with normal conduction, 65 (IQR
55–74) in those with RBBB at randomization (P , 0.001),
and 61 (IQR 55–76) in those developing new RBBB within
60 min (P ¼ 0.03).
The peak CK or CK-MB levels were 7.4 times the ULN (IQR

3.7–13.4) in patients with normal conduction, 6.3 times
the ULN (IQR 2.8–12.6, P ¼ 0.15) in those with RBBB at ran-
domization, and 11.6 times the ULN (IQR 5.3–14.0, P ¼ 0.47)
in those developing new RBBB within 60 min.
The 30-day mortality rates were 6.9% in patients with

normal conduction, 11.4% in those with RBBB at randomiz-
ation (P ¼ 0.03), and 16.7% in those developing new RBBB
within 60 min (P ¼ 0.12).

Adjusted 30-day mortality

Table 4 shows the ORs for 30-day mortality before and after
each adjustment step, when compared with the reference
groups. In patients with LBBB at randomization, the unad-
justed OR was 1.90 (95% CI 1.39–2.59), decreasing to 1.10
(95% CI 0.79–1.53) after adjustment for pre-infarction
characteristics and to 0.69 (95% CI 0.48–0.99) after further
adjustment for the presenting features of AMI. In contrast,
the OR was significantly increased in patients developing
new LBBB within 60 min, both before (4.68, 95% CI 2.02–
10.87) and after all adjustments (2.97, 95% CI 1.16–7.57)
(Figure 2).
Patients with RBBB accompanying anterior AMI at random-

ization had a significantly increased OR for 30-day mortality
of 3.52 (95% CI 2.82–4.38) before adjustment, 3.24 (95% CI

Figure 1 Flow chart of patients in the HERO-2 trial.
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2.55–4.11) after adjustment for pre-infarction character-
istics, and 2.48 (95% CI 1.93–3.19) after further adjustment
for the presenting features of AMI. In patients who devel-
oped new RBBB within 60 min, the OR was also significantly
increased both before (3.75, 95% CI 2.46–5.73) and after all
adjustments (3.84, 95% CI 2.38–6.22) (Figure 2). Analysis
using 24-h mortality as the endpoint yielded similar results.
In patients with RBBB accompanying inferior AMI at ran-

domization, the ORs for 30-day mortality were 1.74 (95%
CI 1.06–2.86) before adjustment, 1.21 (95% CI 0.72–2.03)
after adjustment for pre-infarction characteristics, and
1.22 (95% CI 0.71–2.08) after further adjustment for the
presenting features of AMI. In patients developing new
RBBB within 60 min, the ORs were 2.71 (95% CI 0.78–9.38)
before and 2.23 (95% CI 0.54–9.21) after all adjustments
(Figure 2).

Discussion

This report describes a prospective series of 1016 patients
with BBB early during AMI, with 30-day mortality rates

ranging from 11.4 to .30%. Patients with any type of BBB
at randomization had worse baseline characteristics than
those with normal intraventricular conduction. However,
only patients with RBBB accompanying anterior AMI at ran-
domization (and not patients with RBBB accompanying
inferior AMI or patients with LBBB at randomization) had a
higher mortality rate after adjustment for baseline charac-
teristics. This finding persisted after further adjustment
for the presenting features of AMI.

Approximately 1% of patients who had ST-elevation AMI
with normal intraventricular conduction at randomization
developed new BBB (most commonly RBBB accompanying
anterior AMI) within 60 min after commencing fibrinolytic
therapy. New BBB was associated with higher 30-day
mortality.

The higher mortality and the higher incidence of RBBB
seen in patients with anterior AMI may be explained by
septal ischaemia from a more proximal left anterior des-
cending artery occlusion (before the large septal branch)
and the course of the right bundle branch traversing the
septum towards the apex. Higher peak enzyme levels were

Table 1 Baseline characteristics and mortality in patients with LBBB vs. normal intraventricular conduction

Normal conduction
at randomization
and 60 min
(n ¼ 15 340)

LBBB at
randomization
(n ¼ 300)

P-value New LBBB
developing
within 60 min
(n ¼ 25)

P-value

Demographics
Age (years)a 61 (51–70) 68.5 (61–75) ,0.001 67 (60–75) 0.006
Age �75 years (%) 12 26 ,0.001 28 0.024
Women (%) 28.2 43 ,0.001 48 0.028

Previous cardiovascular disease and interventions (%)
Angina 46.5 62.7 ,0.001 64 0.079
AMI 14.5 30.7 ,0.001 20 0.395
Percutaneous coronary intervention 1.2 0.3 0.277 4 0.268
Coronary artery bypass grafting 0.7 0 0.285 0 1.0

Cardiovascular risk factors (%)
Smoking history (%)
Never smoked 38.3 51.3 ,0.001 48 0.575
Past smoking 44.8 27.3 40
Current smoking 17 21.3 12

Hypertension 51.3 68.7 ,0.001 64 0.205
Diabetes 13.7 17 0.099 48 ,0.001

Time from symptom onset to randomization (h)a 3.1 (2.2–4.2) 3.4 (2.4–4.2) 0.016 2.6 (1.8–3.4) 0.038
Hemodynamics
Systolic blood pressure (mmHg)a 135 (120–150) 140 (120–160) 0.057 135 (110–155) 0.697
Heart rate (beats/minute)a 76 (65–88) 88 (75–101) ,0.001 74 (62–90) 0.778

Killip Class (%)
I 80.1 54.3 ,0.001 60 0.028
II 16.7 26.7 32
III 2.1 16 8
IV 1.1 3 0

Randomization to bivalirudin (%) 49.9 49.3 0.837 56
GUSTO risk scorea 61 (50–70) 74 (63–84) ,0.001 70 (63–78) 0.001
Peak enzyme level expressed as multiple of ULNa,b 7.5 (3.4–14.1) 4.1 (2.0–9.1) ,0.001 10.8 (6.3–21.3) 0.035
In-hospital revascularization (%)
Percutaneous coronary intervention 5.7 2.7 0.026 12.0 0.167
Coronary artery bypass grafting 0.7 1.3 0.286 8.0 0.015

Mortality (%)
Within 30 days 9.1 16 ,0.001 32 0.001
Within 24 h 3.5 6.7 0.004 8 0.219

aMedian (interquartile range).
bThe peak enzyme level was based on the CK-MB level where available or on the CK level if the CK-MB level was not available.
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observed in these patients. In contrast, the left bundle has a
more varied distribution from a true bifascicular system to a
network of fibres,9 and more extensive ischaemia or necrosis
is required to produce complete LBBB. Thus, new LBBB was
far less likely to develop within 60 min than new RBBB, but
when new LBBB did develop, the mortality rate was as high
as that of patients with RBBB accompanying anterior AMI.
In the current American10 and European guidelines,11 new

or presumed-new LBBB within 12 h after the onset of symp-
toms suggestive of AMI is a Class I indication for fibrinolytic
therapy. New or presumed-new LBBB was an inclusion cri-
terion in the HERO-2 trial. The 300 HERO-2 patients with
LBBB at randomization had worse pre-infarction character-
istics (older age and previous AMI), worse presenting fea-
tures (higher pulse rate and Killip class), and nearly twice
the unadjusted 30-day mortality rate of patients with
normal conduction. However, after adjustment for pre-
infarction characteristics and presenting features, their

30-day mortality rate was no higher than that of patients
with normal intraventricular conduction12—an interesting
observation which corroborates the findings of a GUSTO-1
substudy in 131 patients with LBBB.13

Of the 300 HERO-2 patients with LBBB at randomization
(1.76% of the total HERO-2 cohort), 80% had enzymatic evi-
dence of AMI. This rate is 10% lower than that of patients
with normal intraventricular conduction,12 which may
partly explain the relatively good outcome of these 300
patients. There can be wide heterogeneity among patients
presenting with LBBB and chest pain, as demonstrated by
community studies in which as few as 13% of patients pre-
senting with LBBB had enzymatic evidence of AMI.14,15

In contrast to the relatively good prognosis of patients
with LBBB at randomization, the 30-day mortality rate of
patients developing LBBB within 60 min after presenting
with normal conduction trebled after similar adjustment
steps. The development of new LBBB in these patients was

Table 2 Baseline characteristics and mortality in patients who had anterior AMI with RBBB versus anterior AMI with normal intraventricular
conduction

Anterior AMI
with normal
conduction at
randomization
and 60 min
(n ¼ 7310)

Anterior AMI
with RBBB at
randomization
(n ¼ 415)

P-value Anterior AMI
with new RBBB
developing within
60 min
(n ¼ 100)

P-value

Demographics
Age (years)a 62 (51–70) 66 (56–73) ,0.001 62 (52–69.5) 0.868
Age �75 years (%) 12.7 19.5 ,0.001 12 0.839
Women (%) 28.7 26 0.247 36 0.107

Previous cardiovascular disease and interventions (%)
Angina 49.9 51.1 0.644 52 0.679
AMI 15.8 16.6 0.632 15 0.839
Percutaneous coronary intervention 1.0 0.7 0.798 1 1.0
Coronary artery bypass grafting 0.5 1.5 0.029 0 1.0

Cardiovascular risk factors (%)
Smoking history (%)
Never smoked 41 43.4 0.003 48 0.368
Past smoking 16.5 21.7 37
Current smoking 42.5 34.9 15

Hypertension 52.6 53.7 0.664 62 0.063
Diabetes 13.4 19 0.001 16 0.442

Time from symptom onset to randomization (h)a 3.2 (2.3–4.3) 3.2 (2.1–4.2) 0.647 2.8 (2.1–3.9) 0.047
Hemodynamics

Systolic blood pressure (mmHg)a 140 (120–150) 130 (110–140) ,0.001 130 (110–140) ,0.001
Heart rate (beats/min)a 80 (70–90) 85 (72–98) ,0.001 80 (68.5–89.5) 0.820

Killip Class (%)
I 76.4 63.1 ,0.001 70 0.172
II 19.7 27.7 22
III 2.9 4.3 6
IV 1 4.8 2

Randomization to bivalirudin (%) 50.5 49.6 0.739 50 0.924
GUSTO risk scorea 65 (53–74) 72 (61–81) ,0.001 66.5 (57–76) 0.220
Peak enzyme level expressed as multiple of ULNa,b 7.6 (3.1–14.9) 12.1 (4.4–23.8) ,0.001 16.6 (8.6–24.0) ,0.001
In-hospital revascularization (%)

Percutaneous coronary intervention 4.8 3.1 0.123 3 0.632
Coronary artery bypass grafting 0.6 0.2 0.729 0 1.0

Mortality (%)
Within 30 days 11.6 31.6 ,0.001 33 ,0.001
Within 24 h 4.6 16.9 ,0.001 18 ,0.001

aMedian (interquartile range).
bThe peak enzyme level was based on the CK-MB level where available or on the CK level if the CK-MB level was not available.
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probably due to extensive ongoing AMI,2 considering that the
patients all had ST-elevation AMI before developing LBBB
and had larger infarcts (as judged by enzymatic criteria)
than patients with LBBB at randomization.

Clinical implications

The current study demonstrates a means of early identifi-
cation of patient subgroups with particular BBB character-
istics that are independently associated with higher 30-day
mortality. These electrocardiographic features add import-
ant prognostic information that supplements the clinical
parameters commonly used in early risk stratification
algorithms.3,4 Our secondary analysis confirmed that
patients with RBBB accompanying anterior AMI had higher
mortality not only at 30 days but also at 24 h. The mortality
rates we observed were similar to those reported
previously.2,13,16–21

By performing serial early electrocardiographic record-
ings, the current study is unique in comparing LBBB at
presentation with new LBBB developing subsequent to pres-
entation with normal conduction. Although patients pre-
senting with LBBB (which was judged to be new by the
study investigators) had a higher overall mortality rate
than patients with normal intraventricular conduction, this
was mainly because they had worse pre-infarction charac-
teristics including older age.

In-hospital revascularization was relatively uncommon in
HERO-2, as shown in Tables 1–3. Although the Grupo de
Análisis de la Cardiopatı́a Isquémica Aguda trial recently
reported benefits at 1 year from early revascularization
after fibrinolytic therapy for ST-elevation AMI, no benefit
was evident at 30 days.22 Analysis of the contemporary
Global Registry of Acute Coronary Events registry showed
that access to catheterization facilities did not influence
mortality (12.4 vs. 12.4%) or non-fatal AMI rates (3.3% with

Table 3 Baseline characteristics and mortality in patients who had inferior AMI with RBBB vs. inferior AMI with normal intraventricular
conduction

Inferior AMI
with normal
conduction at
randomization
and 60 min
(n ¼ 8030)

Inferior AMI
with RBBB at
randomization
(n ¼ 158)

P-value Inferior AMI
with new RBBB
developing within
60 min
(n ¼ 18)

P-value

Demographics
Age (years)a 60 (51–69) 68 (60–74) ,0.001 65 (59–70) 0.079
Age �75 years (%) 11.4 23.4 ,0.001 11.1 1.0
Women (%) 27.8 21.5 0.080 11.1 0.114

Previous cardiovascular disease and interventions (%)
Angina 43.3 49.4 0.128 33.3 0.394
AMI 13.4 22.8 0.001 11.1 1.0
Percutaneous coronary intervention 1.5 2.5 0.298 0 1.0
Coronary artery bypass grafting 1 4.4 0.001 0 1.0

Cardiovascular risk factors (%)
Smoking history (%)
Never smoked 35.8 34.8 0.389 33.3 0.045
Past smoking 17.4 21.5 27.8
Current smoking 46.9 43.7 38.9

Hypertension 50.1 51.3 0.773 44.4 0.631
Diabetes 14 12.7 0.637 0 0.161

Time from symptom onset to randomization (h)a 3.0 (2.1–4.1) 3.0 (2.1–4.4) 0.690 3.3 (3.0–3.9) 0.465
Hemodynamics
Systolic blood pressure (mmHg)a 130 (120–150) 130 (115–150) 0.445 119.5 (101–130) 0.004
Heart rate (beats/min)a 72 (62–84) 78 (64–90) 0.002 72 (65–80) 0.848

Killip Class (%)
I 83.4 82.3 0.335 83.3 0.323
II 14.1 15.8 11.1
III 1.4 0 0
IV 1.1 1.9 5.6

Randomization to bivalirudin (%) 49.4 49.4 0.986 33.3 0.172
GUSTO risk scorea 55 (46–66) 65 (55–74) ,0.001 61 (55–76) 0.030
Peak enzyme level expressed as multiple of ULNa,b 7.4 (3.7–13.4) 6.3 (2.8–12.6) 0.156 11.6 (5.3–14.0) 0.465
In-hospital revascularisation (%)
Percutaneous coronary intervention 6.5 6.3 0.942 5.6 1.0
Coronary artery bypass grafting 0.9 0.6 1.0 0 1.0

Mortality (%)
Within 30 days 6.9 11.4 0.028 16.7 0.124
Within 24 h 2.5 4.4 0.126 11.1 0.075

aMedian (interquartile range).
bThe peak enzyme level was based on the CK-MB level where available or on the CK level if the CK-MB level was not available.
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access vs. 3.6% without access) at 6 months.23 There is also
controversy about the benefit of rescue intervention,
although in the Middlesbrough Early Revascularization to
Limit Infarction trial of 307 patients with failed fibrinolysis,
there was a trend towards decreased 30-day mortality in
patients who had rescue percutaneous coronary intervention
(9.8 vs. 11%, P ¼ 0.07).24

Our finding that 30-day mortality trebled to .30% in
patients who presented with RBBB accompanying anterior
AMI or who developed new BBB despite fibrinolytic therapy
suggests that such patients may benefit from more aggres-
sive reperfusion therapy. The benefit of emergency revas-
cularization has previously been demonstrated in patients
with cardiogenic shock,25 and future studies should eva-
luate whether this also holds true for very high-risk BBB
patients.

Limitations

As in all clinical trials, a selection bias could have occurred
in HERO-2 resulting in under-representation of very high-risk
patients (including those with RBBB accompanying anterior
AMI) in the trial cohort.

Conclusions

Patients who have RBBB accompanying anterior AMI at pres-
entation or who develop new BBB early after fibrinolytic
therapy independently have higher 30-day mortality than
patients without these conduction abnormalities. Patients
with LBBB at presentation do not have increased mortality
after adjustment for their worse baseline characteristics.
These electrocardiographic features add important

Table 4 Thirtyday mortality in patients with the different types of BBB at randomization or developing newly within 60 min after com-
mencement of fibrinolytic therapy

Unadjusted
OR (95% CI)a

OR (95% CI)
adjusted for
recruitment region
and pre-infarction
characteristicsb

OR (95% CI)
adjusted for
recruitment region,
pre-infarction
characteristicsb and
presenting featuresc

LBBBd

Left BBB at randomization 1.90 (1.39–2.59) 1.10 (0.79–1.53) 0.69 (0.48–0.99)
New LBBB developing within 60 min 4.68 (2.02–10.87) 3.17 (1.27–7.89) 2.97 (1.16–7.57)

Anterior AMI with RBBBe

RBBB at randomization 3.52 (2.82–4.38) 3.24 (2.55–4.11) 2.48 (1.93–3.19)
New RBBB developing within 60 min 3.75 (2.46–5.73) 4.15 (2.61–6.61) 3.84 (2.38–6.22)

Inferior AMI with RBBBf

RBBB at randomization 1.74 (1.06–2.86) 1.21 (0.72–2.03) 1.22 (0.71–2.08)
New RBBB developing within 60 min 2.71 (0.78–9.38) 3.08 (0.85–11.22) 2.23 (0.54–9.21)

aAdjustment for the recruitment region resulted in minimal changes of the ORs for mortality.
bPreinfarction characteristics included age, gender, previous AMI, previous coronary or vascular disease, diabetes mellitus, and smoking. Further adjust-

ment for the time to randomization resulted in minimal changes of the ORs for mortality.
cPresenting features included the time to randomization, systolic blood pressure, pulse rate, and Killip class.
dVs. patients who had any AMI with normal intraventricular conduction.
eVs. patients who had anterior AMI with normal intraventricular conduction.
fVs. patients who had inferior AMI with normal intraventricular conduction.

Figure 2 Adjusted ORs and 95% CI for 30-day mortality in the different categories of BBB present at randomization and the different categories of new BBB
developing within 60 min after commencement of fibrinolytic therapy.
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prognostic information that supplements the clinical par-
ameters commonly used in early risk stratification
algorithms.
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