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Prognostic significance of N-terminal pro-atrial
natriuretic factor (1-98) in acute myocardial
infarction: comparison with atrial natriuretic
factor (99-126) and clinical evaluation

Torbj0rn Omland, Vernon V S Bonarjee, Dennis W T Nilsen, Johan A Sundsfjord,
Rolv Terje Lie, Gaetan Thibault, Kenneth Dickstein

Abstract
Objective-To evaluate the prognostic
significance of plasma N-terminal pro-
atrial natriuretic factor (1-98) concentra-
tions measured in the subacute phase
after acute myocardial infarction, and
to compare the predictive value of
measurement of N-terminal pro-atrial
natriuretic factor (1-98) with the
measurement of atrial natriuretic factor
(99-126) and with clinical assessment of
the degree ofheart failure.
Design-Prospective observational.
Setting-Norwegian central hospital.
Patients-139 patients (mean (SD) age
66-9 (1141) years, 71P2% males) with acute
myocardial infarction. Patients in car-
diogenic shock or with severe heart fail-
ure (New York Heart Association class
IV) were excluded.
Main outcome measure-Cardiovascular
death within 12 months.
Results-During the follow up period
15 patients died. In a univariate Cox
proportional hazards model N-terminal
pro-atrial natriuretic factor (1-98) was
significantly related to mortality (p =
0.0003). In a multivariate model the
prognostic value of N-terminal pro-atrial
natriuretic factor (1-98) was better than
that of atrial natriuretic factor (99-126)
and clinical assessment of heart failure
(N-terminal pro-atrial natriuretic factor
(1-98), p = 0 0003; atrial natriuretic fac-
tor (99-126), p = 0-4513; heart failure,
p = 0*0719). The odds ratio estimate of
patients in whom plasma concentrations
of N-terminal pro-atrial natriuretic fac-
tor (1-98) were greater than 2000 pmolIl
was 25 (95% confidence interval 2-8-225.0)
compared with patients with plasma con-
centrations less than 1000 pmolll.
Conclusions-These results suggest that
determination ofplasma N-terminal pro-
atrial natriuretic factor (1-98) in the sub-
acute phase of myocardial infarction
may provide clinically relevant prognos-
tic information that is superior to that
obtained from atrial natriuretic factor
(99-126) measurements and clinical eval-
uation.

(Br Heart _r 1993;70:409-414)

Atrial natriuretic factor is derived from a 126
amino acid prohormone synthesised and
stored in secretory granules in the atrial car-
diocytes.' Until now research has focused
mainly on the physiological and pathophysio-
logical role of the atrial natriuretic factor
(99-126) in cardiovascular and renal homoe-
ostasis: only recently has the N-terminal frag-
ment of the prohormone of atrial natriuretic
factor been identified as a peptide in human
plasma,23 circulating predominantly as a sin-
gle, high molecular weight form (pro-atrial
natriuretic factor (1-98)).4 Though the role of
N-terminal pro-atrial natriuretic factor (1-98)
in cardiovascular homoeostasis has not yet
been clearly defined, raised plasma concen-
trations have been detected during exercise56
and in patients with essential hypertension,'
myocardial infarction,8 and cardiac and renal
failure.2 6 79
Many data indicate that atrial natriuretic

factor (99-126) is a marker of cardiac func-
tion. Significant correlations between plasma
concentrations of the peptide and haemo-
dynamic indices have been demonstrated in
chronic heart failure'1"3 and in myocardial
infarction.'415 Recently it has also become evi-
dent that measurement of atrial natriuretic
factor (99-126) may provide valuable prog-
nostic information in chronic heart failure'6 17

as well as in acute myocardial infarction. 18

The prognostic significance of N-terminal
pro-atrial natriuretic factor (1-98), however,
remains to be established.

Consequently, the main objectives of the
present study were to evaluate the prognostic
information obtained by the determination of
N-terminal pro-atrial natriuretic factor (1-98)
in acute myocardial infarction and to
compare the predictive value of N-terminal
pro-atrial natriuretic factor (1-98) with that
of atrial natriuretic factor (99-126). Further-
more, we used a multivariate Cox propor-
tional hazards model to establish whether
plasma N-terminal pro-atrial natriuretic fac-
tor (1-98) and atrial natriuretic factor
(99-126) concentrations measured soon after
infarction provide additional prognostic infor-
mation to that obtained by in-hospital clinical
assessment of cardiac impairment. Blood
samples for analysis of N-terminal pro-atrial
natriuretic factor (1-98) were collected from
139 patients with acute myocardial infarction
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who were followed for one year for survival
analysis.

Patients and methods
STUDY DESIGN
The randomised placebo controlled double
blind Cooperative New Enalapril Scandi-
navian Survival Study (CONSENSUS II)
studied the effect on mortality of enalapril
administered within 24 hours after the onset
of symptoms in patients with acute myocar-
dial infarction.'9 Our substudy was designed
to evaluate the prognostic value of N-terminal
pro-atrial natriuretic factor (1-98) concentra-
tion in acute myocardial infarction.
The diagnosis of myocardial infarction was

based on the combination of chest pain last-
ing >20 minutes and standard electrocardio-
graphic criteria compatible with infarction or
enzymatic evidence of myocardial necrosis.
Exclusion criteria included supine systolic
blood pressure <100 mm Hg or diastolic
blood pressure <60 mm Hg, cardiogenic
shock or the need for pressor support,
haemodynamically significant valvar stenosis,
or severe congestive heart failure (New York
Heart Association class IV).

Throughout their hospital stay patients
were regularly examined and their clinical sta-
tus recorded. Clinical heart failure was
defined as pulmonary congestion warranting
treatment with diuretics.

Venous blood for atrial natriuretic factor
determination was collected at 8 am on day 3
after the onset of symptoms. The follow up
period was 360 days.

PATIENTS
One hundred and thirty nine patients with
acute myocardial infarction included in the
CONSENSUS II trial (99 men and 40
women) participated in this substudy. The
average (SD) age was 66 9 (11 1) years. Prior
medical history included 33 patients with pre-
vious myocardial infarction (24%), 51 with
angina pectoris (37%), six with congestive
heart failure (4%), 25 with hypertension
(18%), and 13 with diabetes mellitus (9%).

In-hospital treatment included throm-
bolytic therapy with streptokinase in 64
patients (46%), 68 patients received fi
adrenoceptor blocking drugs (49%) while 67
patients required diuretics (48%), 108 mor-
phine (78%), and 116 intravenous glyceryl
trinitrate (83%).
New pathological Q waves developed in 69

patients (50%). Electrocardiographic criteria
indicated an anterior (including lateral)
infarction in 65 patients (47%). There were
no significant differences in demographic or
clinical data between the enalapril group and
the placebo group.

BLOOD SAMPLING PROCEDURES AND
RADIOIMMUNOASSAY
Blood samples were drawn by direct
venepuncture after at least 30 minutes'
supine rest. For atrial natriuretic factor
analyses samples were collected into chilled

silicone coated tubes containing ethylene-
diaminetetraacetic acid and aprotinin (500
kallikrein inactivator units/ml blood). Test
tubes were immediately placed on ice and
centrifuged within 30 minutes for 10 minutes
at 3000 revolutions per minute at 4°C.
Plasma samples were stored at -70°C until
analysis. N-terminal pro-atrial natriuretic fac-
tor (1-98) was measured by a specific
radioimmunoassay without prior extraction as
described previously.2 We measured plasma
atrial natriuretic factor (99-126) by radioim-
munoassay after extraction on a C 18 octa-
decyl silica microcolumn with a kit from
Amersham International, England, as
described in a previous report.20

STATISTICAL ANALYSIS
Results are presented as mean (SEM).
Because the plasma concentrations of the
hormone were not normally distributed these
values were logarithmically transformed. The
prognostic value of our variables was tested in
a Cox proportional hazards regression analy-
sis using the program 2L in BMDP."
Kaplan-Meier estimates of the survival func-
tion were plotted using a cutpoint of 1100
pmol/1.22 We obtained estimates of odds ratios
with confidence intervals from a logistic
model with the program LR in BMDP.23 To
illustrate the predictive value of a discrimi-
nant function for one year survival based on
plasma N-terminal pro-atrial natriuretic fac-
tor (1-98) we also performed discriminant
analysis with the program 7M in BMDP.24
Probabilities for death within one year based
on the estimated discriminant function were
plotted for different values of the plasma vari-
able. Backward and forward multivariate
regression analyses were performed to assess
the effect of other variables on plasma N-
terminal pro-atrial natriuretic factor (1-98)
concentrations. t Tests and X tests with Yates'
correction were used to compare means and
proportions between groups.
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Figure 1 Individual plasma concentrations ofN-terminal
pro-atrial natriureticfactor (1-98) (ANF (1-98)) in
patients with acute myocardial infarction by 1 year
survival (alive, n = 123; dead, n = 15; data from one

patient were censored).
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Figure 2 Relation
between the plasma
concentration ofN-
terminal pro-atrial
natriuretic factor (1-98)
(ANF (1-98)) and atrial
natriuretic factor (99-126)
(ANF (99-126)) after
logarithmic transformation
(In, natural logarithm) in
139 patients with acute
myocardial infarction.
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Results
During the one year follow up period 16
patients died. One of these patients died of a
non-cardiovascular cause on day 94 after
myocardial infarction and was subsequently
censored from the analysis. Figure 1 shows
the distribution of individual plasma concen-
trations of N-terminal pro-atrial natriuretic
factor (1-98) in those who were alive at 1
year and in those who were dead. There were
six deaths in the group of patients originally
randomised to enalapril and nine in the origi-
nal placebo group.
The concentration of N-terminal pro-atrial

natriuretic factor (1-98) on day 3 was 1603
(133) pmol/l (median 1241 pmol/l), while the
mean concentration of plasma atrial natri-

Table 1 Effects ofN-terminal pro-atrial natriuretic factor (1-98), atrial natriuretic
factor (ANF) (99-126), and clinical heartfailure on 1 year mortality according to a Cox
proportional hazards model

Univariate Final model

x2 P Value x2 p Value

ln ANF (99-126) (pmol/l) 12-35 0 0004 0 57 0-4513
ln pro-ANF (1-98) (pmol/l) 13-08 0 0003 13-08 0.0003*
Heart failure 10-83 0 0010 3-24 0-0719
Age (yr) 2-04 0-1536 0 07 0-7888
Heart rate day 3 (beats/min) 0 70 0 4039 0-18 0-6700
SBP day 3 (mm Hg) 0-56 0 4544 0 70 0 4300

*Factor in the model.
SBP, systolic blood pressure.

Table 2 Comparison ofdemographic, clinical, and biochemical variables*grouped
according to a plasma N-terminal pro-atrial natriuretic factor (1-98) cut-offvalue of
110Opmol/l

ProANF (1-98) ProANF (1-98)
<1100 pmolQl >llOOpmolil p Value

Total number 56 83
Deaths 2 13 0-048
Age 60-7 (1-6) 71-2 (09) <0001
Male sex 40 (71%) 59 (71%) NS
Q-wave myocardial infarction 28 (50%) 41 (49%) NS
Anterior myocardial infarction 27 (48%) 38 (46%) NS

Treatment during primary admission to hospital:
fi Adrenoceptor blockers 25 (45%) 43 (51%) NS
Converting enzyme inhibitors 29 (52%) 41 (49%) NS
Diuretics 21 (38%) 46 (55%) NS
Thrombolytics 31 (55%/6) 33 (40%) NS

Biochemical variables:
Serum sodium (mmol/l) 139 (2 5) 139 (1-7) NS
Serum potassium (mmoIl/) 4-1 (0-1) 4-1 (1.1) NS
Peak creatine kinase-MB (IU/1) 122 (16) 145 (14) NS

*Continuous variables presented as mean (SEM).

..
\~~~~~ = -2

Plasma ANF (1-98)
- 1100 pmol/I (n = 56)

Plasma ANF (1-98)
> 1100 pmol/I (n = 83)

40 80 120 160 200 240 280 320 360

Days
Figure 3 Kaplan-Meier survival plots for patients with
acute myocardial infarction divided into two groups
according to the concentration ofN-terminal pro-atrial
natriuretic factor (1-98) (ANF (1-98)) in plasma.

uretic factor (99-126) on day 3 was 36-1
(2-2) pmol/l. The correlation between plasma
concentrations of N-terminal pro-atrial natri-
uretic factor (1-98) and atrial natriuretic fac-
tor (99-126) (r = 0-81, p < 0O001) was good
(fig 2). Serum creatinine concentrations at
admission correlated significantly with day 3
plasma concentrations of N-terminal pro-
atrial natriuretic factor (1-98) (n = 123,
r = 0-53; p < 0-001). There was no significant
difference in day 3 plasma N-terminal pro-
atrial natriuretic factor concentrations
between the enalapril and the placebo group
(1439 (146) v 1774 (224) pmol/l, p = 0-233).
In a multivariate model, treatment with
diuretics and lack of thrombolytic therapy
during the in-hospital phase were associated
with higher plasma concentrations of N-ter-
minal pro-atrial natriuretic factor (1-98)
(diuretics, p = 0 005; thrombolytic therapy,
p = 0-043; r2 = 0.09). In contrast, treatment
with converting enzyme inhibitors or ,B
adrenoceptor blockers had no evident effect
on concentrations.
The plasma concentration of N-terminal

pro-atrial natriuretic factor (1-98) was signifi-
cantly related to mortality in a univariate Cox
proportional hazards regression model
(p = 0 0003). Atrial natriuretic factor
(99-126) and clinical heart failure were also
significantly related to survival in univariate
analysis (atrial natriuretic factor (99-126),
p = 0 0004; heart failure, p = 0-0010). There
was no significant relation between age
(p = 0<1536), heart rate (p = 0 4039), or sys-
tolic blood pressure (p = 0-4544) and mortal-
ity (table 1). In a multivariate model only
N-terminal pro-atrial natriuretic factor (1-98)
provided independent prognostic information
(table 1).

Furthermore, division of patients into two
groups according to the upper normal limit of
the plasma concentration of pro-atrial natri-
uretic factor (1-98) (1100 pmol/l) showed
that mortality was significantly higher in the
group with raised concentrations of N-termi-
nal pro-atrial natriuretic factor (1-98) (13
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Table 3 One year mortality by the concentration of
N-terminal pro-atrial natriuretic factor (1-98) in plasma

PlasmaANF Odds ratio 95% Confidence
(1-98) (pmolll) Deaths Total estimate interval

0-1000 1 51 1-0
1001-2000 7 67 5-8 (0-7 to 50-0)

>2000 7 21 25-0 (2-8 to 225-0)

Figure 4 Plot of the
probability ofdeath within
1 year as a function of
plasma concentrations of
N-terminal pro-atrial
natriuretic factor (1-98)
(ANF (1-98)).
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patients) than in the patients with values
within the normal range (two patients) (p =

0-026) (fig 3). Table 2 compares the demo-
graphic, clinical, and biochemical variables in
patients with high concentrations of N-termi-
nal pro-atrial natriuretic factor (1-98) and
patients with low concentrations.

Logistic regression analysis showed that the
odds ratio of patients with plasma concentra-
tions of N-terminal pro-atrial natriuretic fac-
tor (1-98) > 2000 pmolIl was 25-0 (95%
confidence interval 2-8 to 225-0) compared
with an odds ratio of 1 0 in patients with
plasma concentrations <1000 pmol/l (table
3).

Figure 4 shows the estimated probability of
cardiac death within 1 year as a function of
plasma N-terminal pro-atrial natriuretic fac-
tor (1-98) according to a discriminant analy-
sis model. The discriminant model showed
that the optimal cut-off value for pro-atrial
natriuretic factor (1-98) to divide patients
into a high risk group and a low risk group
was 1648 pmol/l. This cut-off value gave a

sensitivity of 53-3% (false negative rate
47-7%) and a specificity of 79-8% (false posi-
tive rate 20-2%). The corresponding positive
and negative predictive values were 24-2%
and 93-4%, respectively. The arbitrary cut-off
value of 1100 pmolIl gave a sensitivity of
86-7% (false negative rate 13-3%) and a

specificity of 43-5%) (false positive rate

56-5%) for prediction of one year mortality
(positive predictive value 15-7%, negative
predictive value 96-4%).

Discussion
Our data confirm and extend current knowl-
edge of the prognostic significance of atrial
natriuretic factor in cardiac disease. Though

both the presence of clinical heart failure and
the plasma concentration of atrial natriuretic
factor (99-126) were related to mortality in
the univariate analysis, the addition of these
two factors to the multivariate Cox model did
not improve the prognostic information com-
pared with the information provided by N-
terminal pro-atrial natriuretic factor (1-98)
determination alone.

Atrial natriuretic factor (99-126) and mor-
tality were related in patients with chronic
cardiac failure'6 17 and in patients with acute
myocardial infarction.'8 However, the insta-
bility of atrial natriuretic factor (99-126)
(plasma half life <3 minutes)25 and the time-
consuming and cumbersome method of
detection tend to limit the clinical usefulness
of such measurements. In contrast, the
plasma half-life of the N-terminal pro-atrial
natriuretic factor (1-98) fragment is approxi-
mately one hour,26 and incubation of samples
at room temperature for up to 24 hours did
not significantly reduce the plasma concen-
tration.2 Further, direct assay of the N-termi-
nal pro-atrial natriuretic factor (1-98)
fragment without prior extraction is feasible
and simplifies the analysis.2 The significant
relation that we found between subacute
plasma concentrations of N-terminal pro-
atrial natriuretic factor (1-98) and 1-year
mortality after acute myocardial infarction
may thus be clinically important.
The relation between the plasma concen-

tration of N-terminal pro-atrial natriuretic
factor and mortality after acute myocardial
infarction is not likely to be causal. Infusion
studies in healthy individuals,27 in patients
with chronic heart failure28 and myocardial
infarction29 all indicate that atrial natriuretic
factor (99-126) has beneficial, albeit weak,
physiological actions. Furthermore, intra-
venous administration of the endopeptidase
inhibitor candoxatrilat, which inhibits the
degradation of atrial natriuretic factor (99-
126), had beneficial haemodynamic and
natriuretic effects in patients with severe
chronic heart failure.30 Fragments of N-termi-
nal pro-atrial natriuretic factor (1-98) can
also have vasodilatory and natriuretic proper-
ties." 32 Significant correlations between
plasma concentrations of atrial natriuretic
factor (99-126) and various indices of cardiac
function have been reported in several
studies.10-'1 Because atrial distension is the
main stimulus for the release of atrial natri-
uretic factor33 it is not surprising that in
patients with predominant left ventricular
failure there is a close relation between left
ventricular end diastolic pressure and plasma
concentrations of atrial natriuretic factor
(99-126) (r = 088)." Furthermore, because
left ventricular function is a major determi-
nant of survival in patients with previous
myocardial infarction,'4 the association be-
tween concentrations of N-terminal pro-atrial
natriuretic factor (1-98) and mortality can
probably be explained by the ability of the
factor to reflect increases in cardiac filling
pressures secondary to left ventricular dys-
function. Interestingly, concentrations of
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atrial natriuretic factor in the ventricles
increase during the progression of heart fail-
ure.35 Recent data also suggest that acute
myocardial infarction can trigger the synthesis
of atrial natriuretic factor in ventricular
tissue.36 Consequently, left ventricular disten-
sion may be a stimulus for the production of
atrial natriuretic factor in the ventricular
myocyte after myocardial infarction.
The relative prognostic merits of measure-

ments of N-terminal pro-atrial natriuretic fac-
tor (1-98) and commonly employed indices
of ventricular performance derived from the
assessment of central haemodynamics or of
cardiac chamber volumes are unknown. Do
neurohumoral variables provide prognostic
information that is additional to the estima-
tion of ventricular volumes based on echocar-
diographic or radionuclide techniques
(perhaps the clinically most versatile diagnos-
tic aids at present)? Certainly the sensitivity
and specificity of N-terminal pro-atrial
natriuretic factor assessment seem to be
comparable to those obtained from the deter-
mination of left ventricular ejection fraction
and heart rate variability, which are both
established prognostic indices in acute
myocardial infarction.37

Previous studies of the prognostic value of
neurohumoral measurements in acute
myocardial infarction have been limited by
small patient samples and selection of
patients. In contrast to the study of
Svanegaard et al'8 who included less than
30% of eligible patients, we studied more
than 60% of patients admitted to our coro-
nary care unit during the six months recruit-
ment period. Furthermore, our sample may
be more representative of the general myocar-
dial infarction population because patients
were included irrespective of concurrent ther-
apy, whereas patients receiving cardiovascular
drugs before blood sampling were excluded
from the Danish study.'8 Though we
excluded patients with severe heart failure
and patients in cardiogenic shock, we believe
that this tends to underestimate rather than
overestimate the relation between atrial natri-
uretic factor and prognosis, because both
groups have markedly increased plasma con-
centrations of atrial natriuretic factor and a
poor prognosis.38 The choice of day 3 after
myocardial infarction as the time for blood
sampling was arbitrary, but it coincides with
peak plasma concentrations of atrial natri-
uretic factor in most previous reports39 40 and
has the advantage of being performed during
daytime and after haemodynamic stabilisation
of the patient.
The patients with plasma concentrations

N-terminal pro-atrial natriuretic factor (1-98)
greater than 1100 pmolIl were significantly
older than those with a value less than 1100
pmol/l. This observation might contribute to
the association between N-terminal pro-atrial
natriuretic factor and mortality. However,
though there was a positive relation between
the plasma concentration of N-terminal
pro-atrial natriuretic factor and age (r = 0.34,
p < 0-001), adjustment for age in the Cox

proportional hazards model did not alter the
relation between N-terminal pro-atrial natri-
uretic factor (1-98) and survival.

In conclusion, these results suggest that the
measurement of plasma concentrations of N-
terminal pro-atrial natriuretic factor (1-98)
may provide a readily obtainable prognostic
index in acute myocardial infarction that is
superior to that obtained from atrial natri-
uretic factor (99-126) measurements and risk
stratification according to the presence of
symptomatic ventricular impairment. The
prognostic value of N-terminal pro-atrial
natriuretic factor (1-98) is emphasised by the
fact that its significance is evident despite the
presence of various factors that can affect
plasma concentrations of the peptide-for
example, concurrent medical treatment, renal
function, and sodium intake. Further,
because the greater stability and subsequent
increase in plasma concentrations simplifies
analysis, assessment of the N-terminal pro-
atrial natriuretic factor (1-98) may prove to
be more versatile than measuring the atrial
natriuretic factor (99-126) fragment.
Whether measurement of plasma N-terminal
pro-atrial natriuretic factor (1-98) is a better
indicator of outcome than echocardiographic
and haemodynamic indices of cardiac perfor-
mance remains to be determined.
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