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Objective: To investigate markers that predict modes of death in patients with chronic heart failure.
Design: Randomised, double blind, three period, comparative, parallel group study (ATLAS,
assessment of treatment with lisinopril and survival).
Patients: 3164 patients with mild, moderate, or severe chronic heart failure (New York Heart Associ-
ation functional class II–IV).
Interventions: High dose (32.5 or 35 mg) or low dose (2.5 or 5 mg) lisinopril once daily for a median
of 46 months.
Main outcome measures: All cause mortality, cardiovascular mortality, sudden death, and chronic
heart failure death related to prognostic factors using competing risks analysis. Mode of death was
classified by trialists and by an independent end point committee.
Results: Age, male sex, pre-existing ischaemic heart disease, increasing heart rate, creatinine concen-
tration, and certain drugs taken at randomisation were markers of increased risk of all cause mortality
and cardiovascular death. There were risk markers for sudden death that were different from the risk
markers for death from chronic heart failure. Low systolic blood pressure at baseline, raised creatinine,
reduced serum sodium or haemoglobin, and increased heart rate were associated with chronic heart
failure death. Use of β blockers or antiarrhythmic agents (mainly amiodarone) was associated with a
reduced risk of sudden death, whereas long acting nitrates and previous use of angiotensin converting
enzyme inhibitors were markers for increased risk.
Conclusions: The use of competing risks analysis on the data from the ATLAS study has identified vari-
ables associated with certain modes of death in heart failure patients. This approach to analysing out-
comes may make it possible to predict which patients might benefit most from particular therapeutic
interventions.

Chronic heart failure is associated with a poor prognosis.
More than 50% of patients with New York Heart
Association (NYHA) class IV chronic heart failure die

within 12 months, and 50% of all patients with chronic heart
failure die within five years of diagnosis.1 Although the prog-
nosis has improved in recent years, in clinical practice survival
is often worse than seen in trials, with three year survival rates
of 38%,2 and in one recent London study, 62% survival after
one year.3 Adverse prognostic markers in patients with chronic
heart failure include age, severity of heart failure, diabetes
mellitus, left ventricular dysfunction, specific aetiologies of
heart failure, raised creatinine, relatively lower systemic arte-
rial pressure, neurohormonal activation, and the presence of
certain ambient arrhythmias.4 5

There is a difference between the underlying cause of death
(for example, pump failure) and the immediate circumstances
of death or the mode of death (sudden unexpected death,
myocardial infarction related death, etc). Although much is
known about the degree of risk associated with each prognos-
tic factor in chronic heart failure, there is less information on
the relation between the cause of death and the mode of
death. Investigation of the factors associated with different
modes of death could be a first step in developing predictors of
modes of death in heart failure. If physicians are to be able
eventually to use prognostic factors to guide treatment
decisions, it is important to differentiate between factors
causing increased mortality and factors that are simply mark-
ers of a worse prognosis.4 The latter typically are markers of
disease severity rather than therapeutic targets in their own
right. For instance, improving haemodynamic variables—such
as the left ventricular ejection fraction—was expected to have

a beneficial effect on survival. In controlled trials, this has not

been substantiated. Positive inotropes, such as phosphodieste-

rase inhibitors, increased left ventricular ejection fraction but

reduced survival.6

Results of the ATLAS (assessment of treatment with lisino-

pril and survival) clinical trial of the angiotensin converting

enzyme (ACE) inhibitor lisinopril have provided detailed data

on the circumstances of death in patients with chronic heart

failure.7–9 We have been able to identify which deaths were

from cardiovascular causes, and, within that group, which

deaths were classified as sudden unexpected deaths and

which were caused by progressive chronic heart failure.

Competing risks analysis is an established statistical

technique which is appropriate when the intention is to

distinguish between multiple prognostic indicators.10 11 There-

fore, competing risks analysis has been undertaken on the

ATLAS database to identify potential prognostic factors,

including the dose of lisinopril, and to investigate the contrib-

uting hazard or risk of each of these factors for each mode of

death. It was anticipated that some factors would have a link

with particular modes of death, and that patterns of factors

might be recognisable that could be used to predict the likely

mode of cardiovascular death in different patient groups.
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METHODS
Details of the trial design7 and the main results8 of the ATLAS

study have been published.

Study design and treatments
ATLAS was an international multicentre trial of lisinopril in

patients with chronic heart failure. A short open label tolerabil-

ity period was followed by a double blind dose titration period

and a double blind treatment maintenance period. In all, 3164

patients with mild, moderate, or severe chronic heart failure

(NYHA class II–IV) were randomised to once daily treatment

with either high dose (32.5 or 35 mg) or low dose (2.5 or 5 mg)

lisinopril (Zestril; AstraZeneca, Macclesfield, UK). The trial was

conducted between October 1992 and September 1997. The fol-

low up period was 39–58 months, with a median of 46 months.

With the exception of other ACE inhibitors, concomitant drug

treatment was permitted throughout the active treatment

period. The primary trial end point was all cause mortality.

Although several secondary end points were prespecified, the

major secondary end point was combined all cause mortality

and all cause hospital admission. Mode of death and reasons for

hospital admission were documented by the investigator, and

the mode and cause of death were adjudicated by the end point

committee.

Study population
The demographics and baseline patient characteristics for the

ATLAS trial are summarised in table 1. The treatment groups

were well balanced for the variables used in the competing

risks analysis. Most patients had moderately severe congestive

heart failure, with 77% in NYHA class III. The mean ejection

fraction was 22.6%. Approximately 89% of the patients had

previously received treatment with an ACE inhibitor.

Methods of end point committee
Deaths during the trial were adjudicated by a two member end

point committee. Relevant information was collected on end

point event forms and supporting documentation was sent

simultaneously to the two end point committee members

without details of the randomised treatment (fig 1). The sup-

porting documentation included copies of case record forms,

necropsy reports, death certificates, hospital notes, and 12 lead

ECG recordings. If the committee members disagreed about

the mode of death, the case was discussed at a meeting and

further information could be requested from the investigator.

If agreement was still not reached, the death was recorded as

unclassifiable.
Deaths were classified as either cardiovascular or non-

cardiovascular. Cardiovascular deaths were subdivided into

sudden unexpected death, heart failure death, myocardial inf-

arction related death, and other cardiovascular deaths (which

included pulmonary embolism, peripheral thromboembolism,

stroke, deaths related to a vascular procedure, or major cardio-

vascular event not otherwise specified). Sudden death

included observed arrhythmic deaths and sudden deaths not

attributable to intractable myocardial infarction or any other

identifiable cause. These deaths were also recorded as

“witnessed” or “unwitnessed”. Patients with sudden loss of

Table 1 Demographic characteristics and mean levels of covariates used in the analysis of patients in the ATLAS trial
by high dose (32.5 or 35 mg) and low dose (2.5 or 5 mg) lisinopril

Demographic characteristics and mean levels of covariates High dose lisinopril (n=1568) Low dose lisinopril (n=1596)

Age (years) (mean (SD)) 63.6 (10.5) 63.6 (10.3)
Age >70 years 513 (32.7) 475 (29.8)
Male sex 1251 (79.8) 1265 (79.3)
Race

White 1417 (90.4) 1451 (90.9)
Afro-Caribbean 99 (6.3) 105 (6.6)
Other* 52 (3.3) 40 (2.5)

Aetiology of chronic heart failure†
Ischaemic heart disease 999 (63.7) 1036 (64.9)
Hypertension 301 (19.2) 332 (20.8)
Idiopathic dilated cardiomyopathy 453 (28.9) 437 (27.4)
Valvar disease 96 (6.1) 88 (5.5)
Aetiology unknown/not specified 43 (2.7) 43 (2.7)
Other cause 77 (4.9) 66 (4.1)

NYHA class
II 262 (16.7) 231 (14.5)
III 1194 (76.1) 1252 (78.4)
IV 112 (7.1) 113 (7.1)

LVEF (%) (mean (SD)) 22.6 (5.7) 22.6 (5.6)
Weight (kg) (mean (SD)) 78.9 (16.0) 78.9 (16.7)
Previous ACE inhibitor

Yes 1390 (88.6) 1420 (89.0)
Previous myocardial infarction

Yes 864 (55.1) 887 (55.6)
Severe or unstable angina pectoris

Yes 226 (14.4) 250 (15.7)
Atrial fibrillation

Yes 286 (18.2) 276 (17.3)
Duration of heart failure (years) (mean (SD)) 3.4 (3.5) 3.4 (3.5)
Heart rate (beats/min) (mean (SD)) 80 (14)a 80 (15)b

Blood chemistry/haematology
Sodium (mmol/l) (mean (SD)) 139.4 (3.8)c 139.5 (3.6)d

Potassium (mmol/l) (mean (SD)) 4.5 (0.5)e 4.5 (0.5)f

Creatinine (µmol/l) (mean (SD)) 119.7 (31.9)g 121.3 (33.1)h

Haemoglobin (g/l) (mean (SD)) 143 (15)i 143 (15)j

Values are n (%) unless specified. In the competing risks model the value closest to randomisation was used for all covariates except left ventricular ejection
fraction and age where the baseline value was used.
*Other includes Asian, Hispanic, mixed, oriental.
†Investigators could allocate more than one aetiology to an individual patient.
an=1566; bn=1593; cn=1561; dn=1588; en=1557; fn=1586; gn=1558; hn=1587; in=1553; jn=1586.
ACE, angiotensin converting enzyme; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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consciousness who were resuscitated but later died were
described as having a sudden death. Non-cardiovascular death
and other causes of cardiovascular death, such as pulmonary
embolism and myocardial infarction related death, were not
analysed separately because of the small numbers in each
group.

Death from chronic heart failure included patients with
intractable heart failure for the purposes of this study, even if
the terminal event was an arrhythmia.9

There is a high correlation between out of hospital death
and death classified as sudden cardiac death by end point
committees.12 13 Inpatient deaths represent a more mixed pic-
ture of sudden and progressive heart failure death. Accord-
ingly, out of hospital death was used as an objective surrogate
marker of sudden cardiac death.14 15 The exception to this was

in the small number of cases where a patient with advanced

heart failure chose to remain at home to die; these out of hos-

pital deaths were, in the main, from heart failure and were

classified separately. Transplantation was classified as cardio-

vascular death from chronic heart failure. Transplant details

were declared by the investigator but not classified by the end

point committee.

Confirmatory competing risks analyses were based on two

complementary, objective classifications of death and com-

pared for end point committee designated sudden cardiac

death and out of hospital death.

Measurement and classification of data
The following groups of measurements were used to

characterise patients for the competing risks analysis of mode

Figure 1 Flow diagram showing the
review process of the end point
committee involved in deciding the
mode of death for each patient in the
ATLAS trial.
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of death: patient characteristics (age, sex, history of ischaemic

heart disease), haemodynamics (left ventricular ejection frac-

tion, NYHA class (classes III and IV were combined), systolic

blood pressure, diastolic blood pressure, and heart rate), labo-

ratory variables (serum sodium, potassium, creatinine, and

haemoglobin), and drugs being taken at randomisation (anti-

diabetic agents, aspirin, β blockers, previous ACE inhibitors,

long acting nitrates, short acting nitrates, antiarrhythmic

agents, calcium channel blockers, and anticoagulants/

warfarin). The antiarrhythmic drugs taken (by 9.7% of

patients at randomisation) included amiodarone (93% of

patients receiving antiarrhythmics), aprindine, bretylium

tosilate, disopyramide, flecainide, propafenone, and tocainide.

The data collected were either continuous (age, left

ventricular ejection fraction, blood pressure, clinical chemis-

try) or discrete (sex, history of ischaemia, drugs at random-

isation). Mean levels of the covariates used in the competing

risks analysis are shown in table 1.

Competing risks analysis
Competing risks analysis is an appropriate technique when it

is of interest to distinguish between different modes of death

and treat them separately in a model. Each mode of death is

looked at in turn and all other modes of death are censored in

the Cox proportional hazards model, using multivariate

analysis. This is appropriate because a patient dying from pro-

gressive heart failure, for example, is no longer at risk for any

other mode of death. This type of analysis can distinguish the

effect of baseline covariates both within and between different

modes of death. Multivariate analysis was used to adjust for

prognostic factors, but within a category, factors were not

adjusted owing to the potential correlation (for example,

drugs at randomisation were not adjusted for other drugs at

randomisation).

RESULTS
Classification of cardiovascular deaths
There were 1383 deaths in the study group: 1224 cardiovascular

deaths, 146 non-cardiovascular deaths, and 13 deaths which

could not be classified owing to lack of information. The end

point committee reached the following conclusions on the

mode of cardiovascular deaths: 589 sudden deaths, 445 chronic

heart failure deaths (including 39 transplants), 97 myocardial

infarction related deaths, and 93 other cardiovascular deaths.

There were 729 deaths in hospital, of which 309 were from

chronic heart failure and 149 were sudden, and 607 out of hos-

pital deaths, of which 97 were from chronic heart failure and

439 were sudden. In 47 cases the location of death was not

reported. In-hospital and out of hospital deaths, and sudden

versus chronic heart failure deaths, are shown in table 2.

Interpretation of competing risks analysis table for
mode of death
The results of the competing risks analysis for mode of death

in the ATLAS study are shown in table 3, where hazard ratios

of different prognostic factors for each mode of death are

given. The data can be interpreted both horizontally (to show

the effect of individual indicators on each mode of death) and

vertically (to establish a pattern of indicators that may be

associated with a certain mode of death).

It should be noted that “all cardiovascular mortality” is a

subset of “all cause mortality” and that both “sudden death”

and “chronic heart failure death” are subsets of “all

cardiovascular mortality”. The hazard ratio for a continuous

covariate can be interpreted by calculating the estimated per-

centage change for each unit increase in the covariate. For

hazard ratios > 1, a unit increase in the covariate will increase

the risk of the event. For hazard ratios < 1, a unit increase in

the covariate will decrease the risk of the event. For example,

for systolic blood pressure the hazard ratio is 0.996

for all cause mortality. The percentage change is

(1/−0.996) × 100 = −0.4. Therefore, for each 1 mm Hg in-

crease in systolic blood pressure the hazard of death goes

down by an estimated 0.4%.

Unless stated otherwise, all results mentioned in the text

are significant.

Table 3 shows whether certain hazard ratios were statisti-

cally significant, but does not imply statistical differences

between the various predictive factors. The results illustrate a

group of factors strongly associated with different modes of

death, but make no inference about differences between indi-

vidual factors.

All cause mortality
Increased mortality was related to increasing age, male sex,

the presence of ischaemic heart disease, increasing heart rate,

increasing plasma creatinine, and long acting nitrates or ACE

inhibitors at randomisation. The risk of death from any cause

was lower in patients with a higher ejection fraction, a higher

systolic blood pressure at baseline, and those taking aspirin or

β blockers at randomisation.

Markers associated with an increased risk of sudden
death
The risk of sudden death increased with increasing age, the

presence of ischaemic heart disease, increasing plasma creati-

nine, and in those taking long acting nitrates or ACE

inhibitors at randomisation. There was also a trend towards a

higher risk with male sex but this did not reach significance.

The risk of sudden death was lower in patients with a high

ejection fraction and those taking β blockers or antiarrhyth-

mic agents at randomisation.

Markers associated with an increased risk of death
from heart failure
There was an increased risk of death from chronic heart fail-

ure with increasing age, with the presence of ischaemic heart

disease, and in patients with more severe chronic heart failure

and neurohormonal activation at baseline—for example, in

those patients with decreased left ventricular ejection fraction,

increased NYHA score (not significant), and increased heart

rate. Decreased serum sodium, which may reflect the use of

higher doses of diuretics, increased serum creatinine, and

decreased haemoglobin were associated with increased risk.

The use of antiarrhythmic drugs was related to an increased

risk of chronic heart failure death.

Comparison of markers of increased risk of sudden
death and death from chronic heart failure
Several markers were associated with increased risk of both

sudden and chronic heart failure death—for example, age,

increasing serum creatinine, and the presence of ischaemic

heart disease; however, all reached a greater level of

significance for death from heart failure than for sudden

death.

Increased heart rate was associated with increased risk of

death from chronic heart failure but not of sudden death.

Table 2 Contingency table of end point committee
decisions for classification of mode of death by the
number of patients who died in hospital

End point committee
classification of mode of
death

In-hospital
death

Out of
hospital
death

Not
reported

Sudden unexpected 149 439 1
Chronic heart failure 309 97 39
Other deaths 271 71 7

Mode of death in heart failure 45
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Increased systolic blood pressure, serum sodium, and haemo-

globin were associated with a lower risk of both chronic heart

failure death and sudden death; however, these variables were

significant only for reduced risk of chronic heart failure death.

Drug use at randomisation was associated with different

modes of death. The use of long acting nitrates or ACE inhibi-

tors at randomisation was associated with an increased risk of

sudden death but not of chronic heart failure death. The use of

antiarrhythmic agents was associated with an increased risk

of chronic heart failure death and a reduced risk of sudden

death (amiodarone was used in 93% of cases).

The use of aspirin was associated with a reduced risk of

chronic heart failure death but had no effect on the risk of

sudden death. The use of β blockers was associated with a

reduced risk of sudden death but not of chronic heart failure

death.

Similarities between risk markers
“All cardiovascular mortality” is a combination mainly of sud-

den death and chronic heart failure death, with a small

contribution from “other cardiovascular deaths”. “All cause

mortality” is a combination of “all cardiovascular deaths” with

a small contribution from “non-cardiovascular deaths”. Thus

the factors that will influence both “all cardiovascular deaths”

and “all cause mortality” will predominantly be those

influencing sudden death and chronic heart failure death in

the same direction. These factors included increasing age, his-

tory of previous ischaemic heart disease, decreased left

ventricular ejection fraction, and increased serum creatinine.

Objectivity of end point committee decisions
The classification of in-hospital or out of hospital deaths from

the ATLAS trial shows that most sudden deaths were out of

hospital, whereas deaths from chronic heart failure were usu-

ally in hospital (table 2). Table 3 shows that out of hospital

deaths were associated with similar factors to sudden death.

Prognostic indicators for out of hospital deaths (as classified

by ATLAS clinical report forms) and sudden death (as classi-

fied by the end point committee) correlated in 19 of 22 factors

in the competing risks analysis (table 3). These data suggest

that the end point committee assessment was objective.

DISCUSSION
In the ATLAS study a high dose (32.5 or 35 mg once daily) of

the ACE inhibitor lisinopril, compared with a low dose (2.5 or

5 mg once daily), reduced the combined end points of “all

cause mortality and all cause hospital admissions”

(p = 0.002) as well as “all cause mortality and hospital

admission for heart failure” (p < 0.001).8 The high dose of

lisinopril was well tolerated.8 16 The analysis reported in this

paper has identified factors associated with all cause

mortality, and with death classified as “sudden” or as a result

of progressive heart failure. Although these associations result

from observational rather than randomised evidence, they

provide a useful starting point for the development of

prognostic indices for mode of death. If the mode of death

could be predicted from a single subset of clinical variables,

Table 3 Competing risks analysis hazard ratios and level of significance for hazard ratios of prognostic factors for all
cause mortality, all cardiovascular mortality, sudden death, and chronic heart failure death

Prognostic factor

Hazard ratio

All cause mortality
(H=666, L=717)

All cardiovascular
mortality
(H=583, L=641)

CHF death
(H=203,
L=242)

Sudden death
(H=286,
L=303)

Out of hospital
death
(H=285, L=322)

Lisinopril treatment (high: low) 0.923 0.903 0.827 0.922 0.879

Demographics
Age (years) – continuous 1.025*** 1.022*** 1.029*** 1.012** 1.019***
Sex (male: female) 1.164* 1.156 1.095 1.232 1.349*
Ischaemic heart disease (yes/no) 1.315*** 1.393*** 1.466** 1.251* 1.214

Haemodynamics
LVEF (%) – continuous 0.973*** 0.969*** 0.960*** 0.970*** 0.974***
NYHA (III + IV : II) 1.106 1.110 1.301 1.046 0.982
Systolic BP (mm Hg) – continuous 0.996* 0.995* 0.989** 0.998 0.997
Diastolic BP (mm Hg) – continuous 0.995 0.997 0.989 0.999 1.000
Heart rate (beats/min) – continuous 1.011*** 1.012*** 1.025*** 1.000 1.006

Laboratory values
Sodium (mmol/l) – continuous 0.987 0.987 0.974* 0.994 1.002
Potassium (mmol/l) – continuous 0.923 0.910 1.009 0.865 0.933
Creatinine (µmol/l) – continuous 1.005*** 1.004*** 1.006*** 1.003* 1.004**
Haemoglobin (g/l) – continuous 0.983 0.999 0.927* 1.036 0.983

Drugs at randomisation
Antidiabetic (yes 611: no 2553) 1.093 1.101 1.180 1.143 1.137
Aspirin (yes 1278: no 1886) 0.825** 0.859* 0.704** 1.031 0.975
β Blockers (yes 353: no 2811) 0.792* 0.769* 0.781 0.714* 0.637**
Long acting nitrates (yes 786: no 2378) 1.241*** 1.289*** 1.165 1.351** 1.283**
Short acting nitrates (yes 726: no 2438) 1.087 1.120 1.171 1.158 1.026
Previous ACE inhibitor (yes 2810: no 354) 1.271** 1.310** 1.369 1.337* 1.176
Antiarrhythmics (yes 306: no 2858)† 1.010 1.018 1.457* 0.703* 0.627**
Calcium channel blockers (yes 369: no 2795) 1.027 0.986 0.875 0.984 1.109
Anticoagulants/warfarin (yes 1126: no 2038) 0.999 1.040 0.978 1.187 1.107

*Represents a significant hazard ratio (1:0) at p < 0.05.
**Represents a significant hazard ratio (1:0) at p < 0.001.
***Represents a significant hazard ratio (1:0) at p < 0.0001.
†Antiarrhythmic drugs were received by 9.7% of patients at randomisation and included amiodarone (93% of patients receiving antiarrhythmics),
aprindine, bretylium tosilate, disopyramide, flecainide, propafenone, and tocainide.
ACE, angiotensin converting enzyme; BP, blood pressure; CHF, chronic heart failure; H, high dose lisinopril; L, low dose lisinopril; LVEF, left ventricular
ejection fraction; NYHA, New York Heart Association.
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then in the future specific treatments could be tested in iden-

tifiable subgroups of patients with heart failure who are at risk

of certain modes of death.
As a proportion of all deaths classified, sudden death made

up 48% of deaths in the ATLAS study, compared with 32–34%
in other studies of ACE inhibitors in chronic heart failure.14

This difference may reflect the classification system used by
the end point committee in the ATLAS study, or differences in
the aetiology of heart failure or the populations studied.16 17

Sudden death is notoriously difficult to define, but is usually
thought of as a death attributable to an opportunistic
arrhythmia.

The mode of death should be distinguished from the cause
of death,14 18 and such an analysis has been conducted in this
study. In some studies the classification of mode of death,
especially sudden death, has been inconsistent and discordant
between observers.19 In the ATLAS study, classification of
mode of death was undertaken by an independent two mem-
ber end point committee which reviewed the data for all
patients and determined the mode of death; this allowed
greater consistency.

The factors associated with cardiovascular death were simi-
lar to those associated with death from all causes (all cause
mortality), because cardiovascular deaths made up the major-
ity of all deaths.

Competing risks analysis shows that the factors associated
with particular modes of death include those indicative of the
extent of damage to heart muscle (left ventricular ejection
fraction) and the body’s metabolic response to diminished
cardiac function (sodium and creatinine concentrations),
heart rate, and certain previous drugs treatments.

Death from chronic heart failure in the ATLAS study was
associated with an overlapping but slightly different subset of
predictive factors compared with sudden death; ischaemic
heart disease was associated with both modes of death. In
general, death associated with progressive chronic heart
failure was linked with the symptoms and features of worsen-
ing heart failure (NYHA classification, tachycardia, reduced
renal function, low ejection fraction), whereas sudden death
was associated with a low ejection fraction and treatment with
long acting nitrates or ACE inhibitors. Antiarrhythmic
treatment (not including β blockers) was associated with a
reduced risk of sudden death but an increased risk of death
from chronic heart failure. In previous studies, antiarrhythmic
agents increased death rates.20 For this reason, flecainide and
encainide were not included in this study protocol, although a
small number of patients received these agents. Amiodarone
reduces mortality from sudden death in chronic heart failure,
and, unlike other agents, does not increase overall mortality.21

There is controversy over the use of aspirin in heart failure.
Aspirin and ACE inhibitors may have opposing effects on
prostaglandins and therefore may interact negatively.22 Aspi-
rin also attenuates the effects of ACE inhibitors in heart
failure.23 24 Some studies on the use of aspirin in heart failure
have shown a deleterious and some a beneficial effect.25–28

In the ATLAS study, aspirin use was associated with a
reduced risk of all cause mortality, cardiovascular mortality,
and death from chronic heart failure, but not a reduced risk of
sudden death. This effect was observed in both the high dose
and the low dose lisinopril groups, and there is no evidence to
suggest that comparisons between the high and low dose
groups were affected by whether the patients were taking
aspirin.

High dose lisinopril produced a trend to improved survival8

and was associated with a reduced risk for all modes of death
in this analysis (table 3), although significance was not
achieved. These data are supported by safety and tolerability
data, which show that high dose lisinopril was as well
tolerated as low dose lisinopril,16 even in high risk subgroups
such as diabetic patients and the elderly.29

The technique of competing risks analysis has been used
previously in studies of surgical treatment of coronary

disease.11 It has also been used in a small study of bisoprolol in

which a subgroup of patients with advanced heart failure was

shown to gain more benefit from treatment than other

patients.30 This is the first large chronic heart failure study in

which the technique has been used. As with any statistical

technique, the advantages and limitations of the methodology

have to be considered in evaluating the data analysed. In per-

forming the competing risks analysis many subanalyses of the

data were undertaken to evaluate the numerous variables

identified in table 3, increasing the chance of a significant

p value. In this paper we have identified trends as well as sig-

nificant values in recognition of the fact that with many suba-

nalyses, significance is less powerful. In addition, the different

numbers of patients in each group will affect the significance

of the results.

While this analysis provides valuable information on

associations between risk factors and mode of death, the trial

design does not permit any inferences about causal relations

between risk factors and mode of death. However, the statisti-

cal associations allow the description of sets of clinical charac-

teristics linked, causally or otherwise, with given patient out-

comes. The apparent increase in mortality risk with age is

unsurprising, and the association of low systolic blood

pressure and chronic heart failure death confirms previous

reports.3 31 In addition, the association of ischaemic heart dis-

ease with both chronic heart failure death and sudden death

tends to confirm the results of Uretsky and colleagues, in

which unrecognised myocardial infarction was often found to

precede both modes of death.9

The data from this analysis of the ATLAS study have impli-

cations for the choice of treatment of patients with chronic

heart failure and also for the development of new treatments

for this condition. Identification of subgroups of patients

whose mode of death can be predicted may allow improved

medical management, although in the case of sudden death it

may be necessary to subdivide the patients further into those

in whom the cause is primarily electrical and those in whom

vascular disease is the most important factor.17 The wider use

of competing risks analysis is beyond the scope of this paper,

but the analysis reported here may provide the basis for the

development of computer based predictive models to estimate

an individual patient’s risk of a particular mode of death.30

Conclusions
The use of competing risks analysis on the data from the

ATLAS study has identified variables associated with certain

modes of death in patients with heart failure. While there is

quite an overlap in predictive markers, in general death from

progressive heart failure is associated with several markers of

more severe left ventricular dysfunction and neurohormonal

activation, as well as ischaemic heart disease, whereas sudden

death is most closely related to markers of ischaemic heart

disease. This approach to analysing outcomes may in the

future enable us to predict which patients might benefit most

from particular therapeutic interventions.
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The following electronic only articles are published in conjunction
with this issue of Heart.

Catheter ablation of sinoatrial re-entry tachycardia in a 2
month old infant
T Simmers, N Sreeram, F Wittkampf
Successful catheter ablation of sinoatrial re-entry tachycardia in an
infant has not been previously reported. This procedure is described in
a 2 month old boy with tachycardia induced cardiomyopathy.

(Heart 2003;89:e1) www.heartjnl.com/cgi/content/full/89/1/e1

Sisters with atypical Fabry’s disease with complete
atrioventricular block
Y Doi, G Toda, K Yano
A 56 year old woman with severe right heart failure and complete
atrioventricular block was referred to hospital for further

examination. Symptoms and signs suggestive of Fabry’s disease, such
as corneal opacities, acroparaesthesias, hypohidrosis, and angio-
keratoma, were not noted. Echocardiography showed a diffuse
hypertrophic left ventricular wall and paradoxical movement of the
interventricular septum. Cardiac catheterisation showed restrictive-
type ventricular dysfunction. Left ventricular endomyocardial biopsy
showed central vacuolar degeneration of myocytes with inclusion
bodies, which had a concentric lamellar configuration under electron
microscopy. This finding is specific for Fabry’s disease. The patient’s
elder sister had experienced an almost identical clinical course and
histological findings of myocardial cells on necropsy. In conclusion,
two sisters were encountered displaying interesting cases of atypical
Fabry’s disease. Symptoms began with complete atrioventricular
block and histological myocardial findings were specific for Fabry’s
disease.

(Heart 2003;89:e2) www.heartjnl.com/cgi/content/full/89/1/e2
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