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Suspected myocardial infarction and left bundle
branch block: electrocardiographic indicators of
acute ischaemia
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Abstract
Objectives-To examine the use ofthrom-
bolytic treatment in patients with sus-
pected acute myocardial infarction (AMI)
and left bundle branch block (LBBB). To
evaluate electrocardiographic criteria for
the identification of AMI in the presence
ofLBBB, and examine the implications of
using these criteria in the clinical setting.
Methods-A retrospective study over two
years, based in two Sheffield teaching hos-
pitals. Patients presenting with LBBB and
suspected AMI were studied by analysis of
an AMI database. The proportion of
patients with LBBB and AMI receiving
thrombolysis, and the in-hospital delay
before the start oftreatment, were used as
indicators of current performance.
Three predictive criteria were applied

to the electrocardiograms (ECGs) retro-
spectively, and their ability to identify
acute ischaemic change assessed. The
implications of using the predictive cri-
teria in the clinical setting were explored.
Result-Twenty three per cent (5122) of
patients with LBBB and AMI did not
receive thrombolysis, in the absence of
documented contraindications. The mean
in-hospital treatment delay for throm-
bolysed patients was 154 minutes. Forty
eight per cent (16/33) of those throm-
bolysed did not have a final clinical
diagnosis ofAMI. In the majority of cases
(8/12), the decision not to administer
thrombolysis was based on a single ECG
recording.
The presence of any of the predictive

electrocardiographic criteria was associ-
ated with a diagnosis ofAMI, with a sensi-
tivity of 0.79 (95% confidence interval 0.63
to 0.95), specificity 1, positive predictive
value 1, and negative predictive value 0.79.
The K scores between four independent
observers showed either substantial or
near perfect agreement.
Conclusion-Currently, thrombolytic
treatment is under-utilised in patients
with LBBB and AMI, and those who are
thrombolysed endure lengthy delays be-
fore treatment. Patients with any of the
predictive criteria should be throm-

Table 1 Electrocardiographic predictors ofAMI,from Sgarbossa et af'

Feature Score

ST segment elevation ¢ 1 mm that is concordant with the QRS complex 5
ST segment depression > 1 mm in lead VI, V2, or V3 3
ST segment elevation ¢ 5 mm that is discordant with the QRS complex 2

bolysed immediately. When the diagnosis
is in doubt, serial ECGs may demonstrate
evolving ischaemic change.
(JAccid EmergMed 1999;16:331-335)

Keywords: bundle branch block; thrombolytic treat-
ment; acute myocardial infarction

The electrocardiographic features of acute
myocardial infarction are notoriously difficult
to identify in the presence of left bundle branch
block (LBBB), as the ST segment/T wave
abnormalities in LBBB mimic the changes of
acute ischaemia. Over the years many electro-
cardiographic criteria have been proposed to
aid the identification of acute ischaemia in
LBBB,'-' but most have proved insensitive and
none have gained widespread acceptance.
The prognosis for acute myocardial infarc-

tion (AMI) with LBBB is worse than for AMI
with normal ventricular conduction."' Throm-
bolysis has been shown to significantly reduce
the mortality rate in patients with LBBB,>"
and the greatest benefits are seen in those
treated early.8 12 It is recommended that
patients with LBBB and symptoms consistent
with AMI are managed in the same way as
patients with ST segment elevation, on the
basis that the LBBB is "presumably new","3
and this policy is well supported in the
literature.'4 '5 Nevertheless, there is evidence
that thrombolysis is under-utilised in patients
with LBBB.'6
While the benefits of early thrombolysis are

considerable,8 12 its potential complications are
also well recognised. The most feared compli-
cation of thrombolysis is stroke, and the risk is
highest in elderly patients, and those treated
with tissue plasminogen activator."'' It has
been shown that about 50% of patients who
present with chest pain and LBBB are not
infarcting,' and this figure may be as high as
70%.'9 It would be ideal to avoid exposing
these non-infarcting patients to the risks of
thrombolytic drugs.

Sgarbossa et al proposed three electrocardio-
graphic criteria to identify acute ischaemia in
the presence ofLBBB (see table 1); each crite-
rion has a weighted score, and an algorithm
indicates the overall probability of AMI rang-
ing between 16% and 100%.2°
These criteria illustrate a characteristic

feature of the electrocardiogram (ECG) in
LBBB: abnormal ventricular depolarisation is
associated with secondary alteration of the
recovery process, with the result that the ST
segment and T waves are discordant with the
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Table 2 Demographic data ofpatients with AMI

ECGs without
LBBB LBBB
(n=50) (n=747)

Mean age (years) 71 66
No eligible for thrombolysis 45 720
No of eligible patients receiving thrombolysis (%) 33 (73) 688 (95.5)
Door to needle time (minutes)
Mean 154 79
Median 121 60
Range 32-449 10-643

main QRS deflection. ST segment elevation in
the same direction as that of the QRS complex
is not expected in uncomplicated LBBB, and
its presence signifies acute ischaemia.'
The purpose ofour study was to examine the

current local management of patients present-
ing with chest pain and LBBB, to evaluate the
predictive electrocardiographic criteria,20 and
to assess their potential effect on patient care.

Methods
We performed a retrospective study over a two
year period based in two Sheffield teaching
hospitals. All patients presenting with ischae-
mic sounding chest pain were identified
prospectively and followed up until discharge,
and those eligible for thrombolytic treatment
were entered on a database.

Patients presenting with suspected AMI and
complete LBBB were studied retrospectively.
Complete LBBB was defined as: (1) QRS
duration of >0.120 seconds in the presence of
a supraventricular rhythm; (2) broad and
notched or slurred R in I and V5 or V6; (3)
absence of Q wave in I and V5 and V6; (4) R
wave peak time >0.060 seconds in V5 or V6.
We noted the following:
* Whether thrombolytic treatment was ad-

ministered.
* If thrombolysis was not administered, any

reason recorded in the case notes.
* The interval between arrival at hospital

and start of thrombolysis, or "door to
needle" time.

* The results of serum creatine kinase
estimations, on days 1, 2, and 3.

All ECGs recorded during admission were
obtained. A diagnosis of AMI was established
on the basis of a peak creatine kinase value of at
least 400 IU/1, or if unavailable, on the results
of postmortem examination. Other serum
markers of myocardial injury were not col-
lected routinely.
The presenting ECGs were reviewed blindly,

and the clinical prediction rule20 was used to
estimate the probability of AMI, each patient
being awarded a score between 0 and 10. The
actual clinical diagnosis was then compared

Table 3 Administration of thrombolysis

No of
AMI* NoAMI patients

Thrombolysis given 17 16 33
Thrombolysis withheld 5 7 12
Thrombolysis contraindicated 2 1 3
Presented >12 hours after onset chest pain 2 0 2

Total 26 24 50

*AMI indicated by serum creatine kinase level >400 IU/l.

A

B

III

III

Figure 1 Serial ECG changes in patients with
biochemical evidence ofAMI. (A) Lead III recorded at
0345 hours; (B) lead III recorded at 0502 hours, with ST
segment elevation of >) mm.

with the clinical prediction rule score. Inter-
observer agreement was tested by calculation
of K scores for four independent observers
(A&E consultants and specialist registrars).

Results
In total, 797 patients were admitted with
suspected AMI and had electrocardiographic
criteria suitable for thrombolysis. LBBB was

present on or shortly after admission in 50
presentations of 49 patients (see table 2). Car-
diac enzyme estimations were available on

49/50 occasions; one patient died shortly after
admission, and the diagnosis was based on

postmortem examination findings. A final
diagnosis ofAMI was made in 52% (26/50) of
cases. Two patients presented more than 12
hours after the onset of chest pain and their
ECGs were excluded from further analysis.

ADMINISTRATION OF THROMBOLYTIC TREATMENT

TO ELIGIBLE PATIENTS

Forty five patients with LBBB were eligible for
thrombolysis, and 73% (33/45) ofthese received
it (see table 3). The mean delay between arrival
at hospital and the start ofthrombolysis was 154
minutes. Five patients with AMI and LBBB did
not receive thrombolysis. Forty eight per cent
(16/33) of thrombolysed patients had no bio-
chemical evidence ofAMI.

SERLAL ECGS
Twelve patients with LBBB did not receive
thrombolysis; eight of these had only one ECG
recorded on the day of admission. Serial ECGs
were recorded in nine patients with a final
diagnosis of AMI; in five cases the ECGs
demonstrated evolving ischaemic change (see
figs 1-3).

COMPLICATIONS OF THROMBOLYTIC TREATMENT
One patient with AMI suffered a haemorrhagic
stroke after thrombolysis. Minor haemorrhagic
complications occurred in two patients, one of
whom had no biochemical evidence ofAMI.

NEW ONSET LBBB
Three patients developed LBBB shortly after
admission, and consequently all received
thrombolysis. None of these patients had
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Figure 2 SerialECG changes in patients with biochemical evidence ofAMI.
Vl, V2, V3 recorded at 0538 hours; (B) leads VI, V2, V3 recorded at 0736 ho
evolving ST segment elevation.

biochemical evidence of AMI, and o

subsequently exhibited frequent boui
mittent LBBB, interspersed with I

normal conduction.

APPLICATION OF THE CLINICAL PREDIC1
The ECGs of 48 patients were used
clinical prediction rule; the prevalenl
in the test group was 0.5. Blinded t

clinical diagnosis, each patient was a
score indicating their probability of S
the published algorithm.20
Two clear groups emerged (see

patients (24/24) with no biochemica
ofAMI were found to have a clinical j
rule score of 0. Of those with a prc
79% (19/24) of the ECGs had a pred
score of 2 or more.

SENSITIVITY, SPECIFICITY, AND PREDICT

VALUES

In our study, the presence of any of
predictive electrocardiographic cri
associated with a diagnosis of AMI. )
of the predictive criteria on the in
there was still a 27% probability of
Serial ECGs were performed befo
bolysis in five of the patients who
when these were also examined, the r
of an AMI with a persisting score c

17.2%, similar to the figure of 16%
Sgarbossa et al.20

To accurately assess the performance para-
meters of the test we therefore examined serial

V3 ECGs when available, and used a score >0 to
indicate AMI. A score >0 was found to be
diagnostic of AMI with a sensitivity of 0.79
(95% confidence interval 0.63 to 0.95), and
specificity 1, positive predictive value 100%,
and negative predictive value 79%.

INTEROBSERVER AGREEMENT
Four independent observers were asked to
indicate whether any of the predictive ECG
criteria were present. There was either sub-
stantial or near perfect agreement between the
observers as indicated by K scores of 0.65,
0.69, 0.74, 0.77, 0.81, and 0.87.

Discussion
The detection of ischaemic change in the pres-
ence of LBBB is an old problem, but there is

V3 new pressure to find a solution. Thrombolytic
treatment confers a significant mortality reduc-
tion in patients with LBBB and AMI,8" and is
of particular benefit if given early.8 12
The administration of thrombolysis to all

patients with LBBB and suspected AMI can be
justified by the absolute net mortality reduc-
tion seen when this group is treated.8 101
Nevertheless, our study and others' suggest
that half of these patients not infarcting, and it
would be ideal to minimise the exposure of
patients without AMI to the risks of thrombo-
lytic drugs.

CURRENT GUIDELINES
(A) Leads It is recommended that patients with LBBB

and suspected AMI are managed in the same
way as patients with ST segment elevation, on

ne patient the basis that the LBBB is "presumably new"."3
ts of inter- Our evidence and that of other studies'6 22

periods of shows that in practice these guidelines are not
adhered to, and thrombolysis remains under-
utilised in patients with LBBB, both in the

[ION RULE United States and the UK. Doctors adminis-
to test the tering thrombolysis are extremely concerned
ce ofAMI about its potential side effects.2' The underuse
o the final of thrombolysis may reflect a reluctance by
Lllocated a doctors to administer the drug without a confi-
iMI using dent diagnosis of AMI.

Patients with LBBB have much longer door
fig 4); all to needle times compared with other throm-
1 evidence bolysed patients. This may reflect attempts to
prediction target treatment at those with "presumably
wved AMI, new" LBBB, by searching for old ECGs before
iction rule thrombolysis. However, patients with long-

standing LBBB may present with a new
infarct. Even if an old ECG does not show

WIvE LBBB, the abnormality may have developed at
any time in the intervening period. Some

f the three patients with demonstrably new onset LBBB
iteria was may not be acutely infarcting, but merely
With none exhibiting intermittent LBBB, as in our study.
,itial ECG Thus, basing the decision to thrombolyse on
f an AMI. the appearance of old ECGs has many
Ire throm- practical difficulties.
infarcted; The diagnostic value of dynamic ECG
?robability changes in LBBB has been previously
)f 0 fell to highlighted,2' 24 but it appears that serial
quoted by ECGs are still not performed routinely. We

found that serial ECGs, even though
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Figure 3 Serial ECG changes in patients with
biochemical evidence ofAMI. (A) Leads V2 and V3
recorded at 1454 hours; (B) leads V2 and V3 recorded at
1508 hours, showing ST segment depression.
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Figure 4 Scores based on flow chartfor the prediction of
AMI in the presence ofLBBB.

performed in a minority of cases, demon-
strated evolving ischaemia in a high pro-
portion of infarcting patients.

EFFECT OF CLINICAL PREDICTION RULE ON
MANAGEMENT OF PATIENTS WITH CHEST PAIN
AND LBBB
In this study, the presence of any of the three
predictive electrocardiographic criteria was
diagnostic of AMI. Patients presenting with

any of these criteria should be thrombolysed
immediately; searches for old ECGs are
unnecessary. A knowledge of these criteria
could lead to significant reductions in door to
needle time for some patients.
A patient with an initial ECG score of 0 has

a 27% chance of having an AMI. Serial ECGs
or continuous ST segment monitoring will
identify a significant proportion of the remain-
ing patients who are infarcting,'24 and are
essential whenever the diagnosis is in doubt. It
is likely, however, that a minority of patients
with AMI will not develop the predictive elec-
trocardiographic criteria; the exact proportion
is unknown, since neither the original work20
nor recent attempts at validation'9 have exam-
ined the accuracy of the criteria using a series
of ECGs.

LIMITATIONS OF THIS STUDY
This study has the usual limitations of a retro-
spective study. Since often only one ECG,
rather than a series, was available for testing the
criteria, their sensitivity may have been under-
estimated. Serial creatine kinase values are a
relatively crude indicator of the presence of
AMI; the number of AMIs in the group may
have been underestimated. Though the reasons
for withholding thrombolysis were often un-
clear retrospectively, it seemed reasonable to
assume that if specific contraindications had
been present they would have been docu-
mented in the case notes.

Conclusion
Thrombolytic treatment significantly reduces
mortality in AMI with LBBB, particularly if
given early, and the magnitude of the benefit
justifies the administration of thrombolysis to
all patients with LBBB and suspected AMI.
However, thrombolysis remains under-utilised
in patients with LBBB, and those who do
receive it have long door to needle times. The
under-utilisation of thrombolysis and long
door to needle times may reflect a reluctance to
expose patients to the risks of thrombolytic
drugs without a confident diagnosis ofAMI.
Attempts to validate the electrocardio-

graphic criteria have so far been flawed, and a
prospective study, using serial ECGs when
appropriate, is needed to establish their true
sensitivity. On the strength of current evidence,
the decision to withhold thrombolysis should
not be based solely on the absence of these cri-
teria.
The described criteria can reliably identify

the majority of patients with AMI. The
presence of any of the criteria in a patient with
LBBB and suspected AMI warrants immediate
thrombolysis; searches for old ECGs unneces-
sarily prolong the door to needle time.
Application of the criteria could significantly
reduce in-hospital treatment delays for many
patients. Patients in whom the diagnosis is in
doubt require serial ECGs in case of evolving
ischaemic change.
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