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Abstract
Continuous electrocardiography during
the first 24 hours of a stay in a coronary
care unit was used to record ventricular
arrhythmias during treatment with alte-
plase (recombinant tissue plasminogen
activator) or placebo. Recordings were
made on 378 of the 436 patients admitted
to a double blind trial of alteplase or
placebo in one participating centre of the
Anglo-Scandinavian study of early
thrombosis (ASSET), patients being
selected according to the availability of
recorders. Of these, 309 (158 given alte-
plase and 151 placebo) had >5 hours of
analysable data. Most of the arrhyth-
mias were recorded in patients with an
in hospital diagnosis of myocardial
infarction. Ventricular couplets and ven-
ricular tachycardia were significantly
more common in the patients treated
with alteplase. Further, in patients
with myocardial infarction who had
ventricular extrasystoles, couplets, or
ventricular tachycardia type a, the num-
ber of hours in which each arrhythmia
was recorded was significantly higher in
the alteplase group. The various ven-
tricular arrhythmias in the alteplase
group tended to cluster in the first 4-12
hours of the recordings. During the first
24 hours admission there were four
episodes of ventricular fibrillation in the
alteplase group and five in the placebo
group of taped patients. By one month
there had been 18 deaths in these 309
patients (alteplase four, placebo 14).
These bore no relation to any recorded
arrhythmia. Clinical records for the
patients with no or minimal tape data
yielded six further episodes of ven-
tricular fibrillation during the first 24
hours (three in the alteplase group and
three in the placebo group). Of the total
436 patients, 10 of the 218 patients in the
alteplase group -had died by one month
compared with 22 of the 218 patients
treated with placebo.
The use of alteplase increases the

incidence of non-life threatening ven-
tricular arrhythmias. These results,
however, suggest that arrhythmia after
thrombolysis in the pre-hospital phase
may be less of a problem than it is per-
ceived to be.

Coronary thrombolysis is now an accepted
treatment for eligible patients who present
within 6 hours of onset of symptoms of acute
myocardial infarction and the risk-benefit
ratio of such treatment is gradually emerging
from several large clinical trials."A One par-
ticular concern, especially in the pre-hospital
setting, is the likelihood of such treatment
provoking serious ventricular arrhythmias. In
animal studies, for instance, both the
occlusion of a coronary artery and its reper-
fusion are usually accompanied by a burst of
ventricular extrasystoles that occasionally
degenerates into ventricular fibrillation."
Incomplete reperfusion seems to be par-
ticularly provocative.'

In humans ventricular extrasystoles co-
incided with angiographically proven coron-
ary artery reperfusion,9 but in none of the
large clinical trials does there seem to be an
increase in serious ventricular arrhythmias
during hospital stay. The data available dur-
ing the operative hours of thrombolysis (and
presumed reperfusion) are less complete with
most of the human data coming from studies
that used intracoronary or intravenous strep-
tokinase as the thrombolytic agent. Although
ventricular extrasystoles are common and can-
not be prevented by lignocaine, serious events
are not.'01' In the placebo controlled intra-
venous streptokinase in acute myocardial
infarction (ISAM) and Gruppo Italiano per
lo Studio della streptochinasi nell 'infarto
miocardico (GISSI-1) trials, observation
periods of cardiac rhythm were limited and in
neither study did serious ventricular events
seem to be more common in the actively
treated groups.' 12
The extent to which alteplase (recombinant

tissue plasminogen activator) is associated
with ventricular arrhythmias is less clear.
During the Anglo-Scandinavian study of early
thrombosis (ASSET),4 a large double blind
placebo controlled study that used intra-
venous alteplase as the thrombolytic drug, we
monitored ventricular extrasystoles in 378
patients by 24 hour continuous electrocar-
diographic recordings, started at admission to
the coronary care unit. This paper reports the
findings of that study.

Patients and methods
The protocol, methods, and principal results
of ASSET have already been published.4
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Briefly, patients of either sex, aged 18-75
years inclusive, admitted to the coronary care

units within 5 hours of symptoms of acute
myocardial infarction were screened for
eligibility and then randomised to receive
either intravenous alteplase (100 mg over 3
hours) or placebo. Both groups also received
an initial intravenous bolus of heparin 5000
units followed by an intravenous infusion of
1000 units per hour starting after completion
of the trial infusion and continuing for the
remainder of the patients' first 24 hours stay
in the coronary care unit. During this time no

other routine or prophylactic treatments were

given and it was not the policy to prescribe
antiarrhythmic medication for episodes of
symptomless ventricular extrasystoles.

All patients in ASSET admitted to the
University Hospital, Nottingham, had contin-
uous bedside and central console single chan-
nel electrocardiographic monitoring (Simon-
sen and Weel 8000 series) for the duration of
their stay in the coronary care unit. In addi-
tion, a continuous recording was made during
the first 24 hours on to Oxford Medilog 1

tapes from the central console via a voltage
attenuator, beginning as soon as possible after
clinical evaluation and randomisation. A
recording was attempted whenever a tape
recorder was available. Data were obtained for
378 patients from 436 study admissions.
The 24 hour tapes were then analysed by an

experienced technician who inspected the scan

replays from an Oxford Medilog 1 tape
analyser. Any equivocal episodes were re-read
by one of us (RGW). We recorded the hourly
incidence of the following rhythms: ven-

tricular extrasystoles (VEs), fast and slow ven-

tricular couplets and ventricular tachycardias,
atrial fibrillation/flutter, and supraventricular
tachycardia. Any episode of ventricular
fibrillation, complete heart block, or asystole
was also noted. Ventricular couplets and
tachycardias were coded according to the des-
cription of Campbell and colleagues:13
Fast ventricular couplets Two consecutive
ventricular extrasystoles with RR interval
< 500 ms.
Slow ventricular couplets As above but with
RR interval > 500 ms.
Ventricular tachycardia (a) Three or more
consecutive ventricular extrasystoles with two
successive cycles contained within 1000 ms;
(b) as above but at least one cycle of < 500 ms;
(c) as above but with no cycle shorter than or

equal to 500 ms (VTa, VTb, VTc).
Details of all relevant clinical events and

treatments during the hospital stay and up to
one month were noted as part of ASSET.
Two questions were investigated for each

rhythm disturbance in turn: first, was there a

difference between the treatments in terms of
the number of patients showing the rhythm
disturbance at any time during the course of
the monitoring period? Secondly, among
patients who had shown the arrhythmia was

the frequency of its occurrence associated
with treatment? This second issue was inves-
tigated in three ways. For each patient and
arrhythmia we counted the number of hourly

intervals in which the arrhythmia appeared
(hours seen), the total number of instances of
the arrhythmia over the taping period (total
on tape), and the number of instances of the
arrhythmia during the hour it was most
prevalent (maximum frequency per hour).

Full 24 hour records were not available for
all the taped patients because of adminis-
trative or technical difficulties which often
resulted in all or large parts of the tape being
unreadable. We elected to include in the stat-
istical analysis only those tapes with > 5 hours
worth of recorded data, there being no indica-
tion that any imbalance was induced between
the treatment groups by this selection.
However, instances of ventricular fibrillation,
diagnostic categorisation in hospital, and one
month outcome are known for all study
admissions, including both untaped patients
and those patients in whom taping was unsuc-
cessful.

STATISTICAL ANALYSIS
We used standard methods for the analysis of
frequency data. Distributions of total tape
frequencies and maximum frequency per hour
were often highly positively skewed with the
occasional patient yielding values that were
one or two orders of magnitude greater than
all other cases in the group. Thus for treat-
ment comparisons we used either rank sum
statistics or we examined tables of grouped
data. For the tables of grouped data the gen-
eralised logistic regression models described
by McCullagh,'4 were often appropriate.
Medians are cited as a measure of central
tendency. Distributions of the number of
hours in which a particular arrhythmia was
seen were more symmetrical and thus means
are given for these distributions where
appropriate.

Because all patients in this study were also
included in the analysis of ASSET the
analysis by allocated treatment group was only
carried out once the ASSET database was
complete and treatment codes had been
released.

Results
PATIENTS
During the course of ASSET 436 patients
admitted to the University Hospital, Notting-
ham were randomised to treatment. Tape
recorders were available for 378 (82%)
patients. Ofthese recordings 309 had > 5 hours
of analysable data (mean 21-7 hours), 11 con-
tained some data, but were short either because
of technical difficulties or early death, and 58
tapes contained no usable data because of
technical problems. A total of 158 of the 309
fully analysable taped patients were treated
with alteplase. The rest (151 ) received placebo.
Nearly all (98%) of patients in both groups
received the complete dose of trial material.
The treatment groups were well matched for
pre-admission demographic details and clinical
details on admission (table 1), time from onset
of symptoms to start of trial infusion and tape
length (table 2), and for in hospital diagnostic
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Table 1 Comparability of treatment groups on admission

All cases ConfirmedMI

Alteplase Placebo Alteplase Placebo

Time (h) from onset of symptoms to start of infusion:
<2 9 9 8 6
2-3 35 39 26 34
3-4 48 45 36 31
> 4 66 58 38 41

Total 158 151 108 112
Male/female 129/29 118/33 91/17 88/24
Age:
(45 16 15 9 12
46-55 44 36 29 18
56-65 63 56 46 47
66-75 35 44 24 35

Previous infarct 36 41 20 28
Angina 70 53 42 35
Hypertension 28 30 18 23
Diabetes 5 6 5 4

Smoker:
No 41 38 32 27
Ex 38 41 26 32
Yes 79 72 50 53

ECG:
Normal 36 27 9 8
Consistent with new MI 71 81 64 79
Other abnormal 51 42 33 24
Missing 0 1 0 1

Treatment with frusemide:
None 116 114 74 80
40 mg 30 22 24 19
80 mg 11 14 9 12
+ vasodilator 1 1 1 1

Other treatment at entry
,B blocker 33 24 16 18

ECG, electrocardiograph; MI, myocardial infarction.

Table 2 Comparability of treatment groups: time intervals

All cases ConfirmedMI

Alteplase (n) Placebo (n) Alteplase (n) Placebo (n)

Time from infusion to start of tape:
+ 30 min 110 104 73 78
30-90min 17 12 11 11
> 90 min 14 13 13 9
Not known 17 22 11 14

Tape hours available for analysis:
6-12 6 9 0 7
13-18 21 18 1 1 8
19-23 38 28 23 19
24 93 96 74 78

MI, myocardial infarction.

Table 3 Hospital diagnosis, 24 hour incidence of ventricular fibrillation and one month
outcome in all 436 patients

Tape available (320) No tape data* (116)

>5 ht < 5 h

Alteplase Placebo Alteplase Placebo Alteplase Placebo

Total 158 151 7 4 53 63
Dead at 1 month 4 14 1 2 5 6
Hospital diagnosis:
MI (dead I month) 110 (4) 112 (14) 5 (1) 3 (2) 39 (4) 39 (5)
IHD 25 21 0 0 12 12 (1)
Others 23 18 2 1 4 (1) 10

VF <24h 4 5 0 0 3 3

*Technical problems or recorder not available.
tGroup chosen for the statistical analysis of arrhythmia incidence.
IHD, ischaemic heart disease; MI, myocardial infarction; VF, ventricular fibrillation.

categorisation and one month outcome (table
3). Table 3 also gives the diagnoses and one
month outcome for the 11 patients with <5
hours analysable data and the 1 16 patients who
had no data because of technical problems or
were not taped because a machine was not
available.

ARRHYTHMIAS
Most of the recorded arrhythmias occurred in
patients with an in hospital diagnosis of
myocardial infarction. Isolated ventricular
extrasystoles were very common. They were
seen in 96% ofpatients with myocardial infarc-
tion given alteplase or placebo, in 66% of non-
infarct patients who received alteplase, and in
72% of non-infarct patients who received
placebo. They occurred throughout the moni-
toring period for a mean of 17 hours in patients
with a myocardial infarction and a mean of 10
hours in the non-infarct patients. However,
more complex ventricular arrhythmia was
much less common in the patients without
infarcts (table 4).
When patients without infarcts were

excluded, the incidence of each of fast and slow
couplets, ventricular tachycardia a, b, and c,
and supraventricular tachycardia was sig-
nificantly higher in the alteplase group. In
addition, a higher proportion of alteplase
patients recorded a rate for isolated ventricular
extrasystoles of > 30 per hour for at least one
hour.
Table 5 indicates that the treatment with

alteplase was also associated with a small
increase in the frequency of the occurrence of
most of the arrhythmias considered. Among
patients with myocardial infarction and VEs,
couplets, VTas, or VTcs the number of hours
during which each was seen was significantly
higher in the alteplase group. There was no
significant increase in the maximum frequen-
cies per hour, but the increase in the number of
hours during which an arrhythmia was seen
caused a corresponding increase in the total on
tape.
Hourly analysis of the patient incidence of

the various arrhythmias showed that the
increase in the alteplase group was more con-
siderable during the first 12 hours of the
recordings. Thereafter the incidence in both
groups gradually declined (fig 1A-D).
During the first 24 hours of admission there

were four reports of ventricular fibrillation in
the alteplase group with analysable tapes and
three reports in the group of 53 alteplase
patients with no tape data. There were five
reports of ventricular fibrillation in the placebo
group with analysable tapes and three reports
from the group of 63 placebo patients with no
tape data. The ventricular fibrillation episodes
proved fatal for two patients-one in the
alteplase group and one in the placebo group
(table 3).

CLINICAL CORRELATIONS

By one month there had been 18 deaths (four in
the alteplase group and 14 in the placebo
group) in the analysable patients; all deaths
occurred in patients who had an in hospital
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Table 4 Number ofpatients with arrhythmias: by diagnosis and treatment

MI Non-MI

Alteplase (108) Placebo (112) Alteplase (50) Placebo (39)

VE >30/h 58 44* 9 9
Couplets:

Fast 80 57* 5 2
Slow 76 61* 8 6

VT:
a 68 54* 5 5
b 28 17* 1 1
c 64 46* 2 4

RonT 7 2 1 1
SVT 34 19* 5 3

MI, myocardial infarction; SVT, supraventricular tachycardia; VE, ventricular extrasystoles,
VT, ventricular tachycardia.
*Data not consistent with the hypothesis of equal incidence rates in the two treatment groups,
(p < 0 05). Separate tests for MI and non-MI groups.

diagnosis of acute myocardial infarction.
However, there seemed to be no relation be-
tween the arrhythmias recorded in the first 24
hours and the day on which death eventually
occurred (table 6). Indeed, we explored the
clinical database for possible differences be-
tween those patients who did or did not show
ventricular arrhythmias and between those
who died and those who survived; we could
find no predictive features, such as age, site of
infarct, or smoking habit. The excess incidence
of recorded arrhythmias in the alteplase group
occurred across the board, rather than being
confined to a subset of patients.

Discussion
Early treatment with any of the currently
available thrombolytic regimens has been
shown unequivocally to save lives."q However,
both the GISSI 1 study and the second inter-
national study of infarct survival (ISIS 2)
showed that thrombolysis was accompanied
by a slight excess of deaths in the first 24-48
hours in patients treated with streptokinase.
Although the cause of death is not always easy
to determine, we need to confirm or refute the
involvement of reperfusion arrhythmias, par-
ticularly because concern has been expressed

about the safety of the environment in which
thrombolysis is initiated.'5
This subset of patients from ASSET now

provides specific evidence that the use of
alteplase is accompanied by an increased
incidence of ventricular arrhythmias. Treat-
ment with alteplase seems to increase both the
number of patients who show a range of
arrhythmias and to increase slightly the
frequency of the occurrence of these events.
The most worrying arrhythmia, however, is

ventricular fibrillation, especially if throm-
bolytic treatment is given before admission to
hospital. In a large series from Rotterdam
intracoronary streptokinase was compared
with conventional treatment; a lower incidence
of both early and late ventricular fibrillation
was reported in the thrombolytic group."

Similarly in the intravenous streptokinase in
acute myocardial infarction (ISAM) study
there was a significantly lower incidence of late,
but not early, ventricular fibrillation.'2 In our

study the incidence of ventricular fibrillation
was very low during the taping period and there
was no evidence ofany increase associated with
alteplase. Overall, in the ASSET study the
incidence of ventricular fibrillation in hospital
was 3 7% in the alteplase group and 4-6% in
the placebo treated patients.

It is pertinent to compare the overall pattern
of arrhythmias seen in this study with similar
studies of streptokinase. After analysis of one

minute electrocardiograms taken every hour,
Willems and colleagues reported fewer ven-

tricular extrasystoles in the streptokinase
treated group, which were attributed to the
possibility of smaller infarcts than in placebo
group.'6"' Using intracoronary streptokinase
and continuous Holter tape monitoring, Miller
and colleagues concluded that both ventricular
tachycardia and accelerated idioventricular
rhythm were more common with active treat-
ment but bore no relation to the degree of
reperfusion achieved.8 However, in a subset of
the GISSI 1 patients, only accelerated idio-
ventricular rhythm was reported to be more

common in the treatment group.'9

Table 5 Frequency of arrhythmias in patients with diagnosis of myocardial infarction

Mean hours Median maximum Median total
n seen frequency/h on tape

VEs Alteplase 104 17 8* t t
Placebo 108 15-3 - -

>30 VEs Alteplase 58 5 6 t t
Placebo 44 70 - -

Fast couplets Alteplase 80 4-6* 2 4
Placebo 57 4-3 1 3

Slow couplets Alteplase 76 5-6* 2 7*
Placebo 61 4-3 1 3

RonT Alteplase 7 1 7 2 2
Placebo 2 10 1 1

VTa Alteplase 68 4-4* 2 4*
Placebo 54 3-3 1 2 5

VTb Alteplase 28 19 1 1
Placebo 17 15 1 1

VTc Alteplase 64 4-5 2 6-5
Placebo 46 3-3 2 3

SVT Alteplase 34 21 1 2
Placebo 19 1-8 1 2

*Difference between treatments significant at the 5% level.
tExact number of VEs not counted for many patients but simply recorded as > 30/hr.
See footnote to table 4 for abbreviations.
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Hourly occurrence of ventricular arrhythmias.

Table 6 Daysfrom admission to death and ventricular
tachycardia during first 24 hours

Alteplase Placebo
(deaths 4) Day (deaths 14) Day

VT a 2 VT a, VT a/c, VT b/c 1
VT b 4 VTa/c,nil 2
Nil 19 VT a 3
Nil 26 VT a, nil 6

VTa 7
Nil 11
VT a, nil 15
VTc 18
Nil 25

VT, ventricular tachycardia.

The incidence, time course, and usually
benign nature of the ventricular arrhythmias
appearing after thrombolysis with alteplase are

very similar to that described by Cercek and
colleagues in a study of 45 patients given
intravenous streptokinase.20 Similarly, the pat-
tern described in our placebo group accords
with that reported by Campbell and colleagues
in a small patient population.'3
We therefore conclude that, in the context of

a hospital coronary care unit, the use of al-
teplase provokes little more arrhythmias than
would otherwise be seen in an individual
patient and is no more likely than placebo to

precipitate life threatening arrhythmias.
Further, if the patient ultimately turns out not

to have had an infarct we can be confident that
alteplase at least has no arrhythmogenic ten-

dencies. In these respects the findings for
alteplase resemble those for streptokinase. If
these favourable aspects of thrombolytic treat-
ment obtain in the pre-hospital phase, then
another obstacle to even earlier treatment
would disappear."-"
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