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BSTRACT

 

Background

 

Brain (B-type) natriuretic peptide is a
neurohormone synthesized predominantly in ventric-
ular myocardium. Although the circulating level of
this neurohormone has been shown to provide inde-
pendent prognostic information in patients with trans-
mural myocardial infarction, few data are available
for patients with acute coronary syndromes in the
absence of ST-segment elevation.

 

Methods

 

We measured B-type natriuretic peptide
in plasma specimens obtained a mean (±SD) of 40±
20 hours after the onset of ischemic symptoms in
2525 patients from the Orbofiban in Patients with
Unstable Coronary Syndromes–Thrombolysis in My-
ocardial Infarction 16 study.

 

Results

 

The base-line level of B-type natriuretic
peptide was correlated with the risk of death, heart
failure, and myocardial infarction at 30 days and 10
months. The unadjusted rate of death increased in a
stepwise fashion among patients in increasing quar-
tiles of base-line B-type natriuretic peptide levels (P<
0.001). This association remained significant in sub-
groups of patients who had myocardial infarction
with ST-segment elevation (P=0.02), patients who
had myocardial infarction without ST-segment eleva-
tion (P<0.001), and patients who had unstable angi-
na (P<0.001). After adjustment for independent pre-
dictors of the long-term risk of death, the odds ratios
for death at 10 months in the second, third, and fourth
quartiles of B-type natriuretic peptide were 3.8 (95
percent confidence interval, 1.1 to 13.3), 4.0 (95 percent
confidence interval, 1.2 to 13.7), and 5.8 (95 percent
confidence interval, 1.7 to 19.7). The level of B-type
natriuretic peptide was also associated with the risk
of new or recurrent myocardial infarction (P=0.01)
and new or worsening heart failure (P<0.001) at 10
months.

 

Conclusions

 

A single measurement of B-type na-
triuretic peptide, obtained in the first few days after
the onset of ischemic symptoms, provides predictive
information for use in risk stratification across the
spectrum of acute coronary syndromes. Cardiac neu-
rohormonal activation may be a unifying feature
among patients at high risk for death after acute cor-
onary syndromes. (N Engl J Med 2001;345:1014-21.)
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RAIN (B-type) natriuretic peptide is a 32-
amino-acid neurohormone synthesized in
ventricular myocardium and released into the
circulation in response to ventricular dilata-

tion and pressure overload.

 

1-3

 

 The actions of this pep-
tide, like those of atrial (A-type) natriuretic peptide,
include natriuresis, vasodilatation, inhibition of the re-
nin–angiotensin–aldosterone axis, and inhibition of
sympathetic nerve activity.

 

4

 

 The plasma level of B-type
natriuretic peptide is elevated in patients with con-
gestive heart failure and increases in proportion to
the degree of left ventricular dysfunction and the se-
verity of symptoms of heart failure.

 

2,5

 

 After acute my-
ocardial infarction, levels of B-type natriuretic peptide
rise rapidly during the first 24 hours and then tend
to stabilize.

 

6-9

 

 Measurement of the level of B-type na-
triuretic peptide between one and four days after a
transmural infarction provides prognostic information
that is independent of the left ventricular ejection frac-
tion and other important base-line variables.

 

8,10-14

 

Studies evaluating the prognostic implications of
B-type natriuretic peptide have been limited to pa-
tients with myocardial infarction with ST-segment
elevation, and few data are available on patients who
have acute coronary syndromes in the absence of ST-
segment elevation. Patients with acute coronary syn-
dromes are a heterogeneous group, with differences
in pathophysiology, clinical presentation, and the risk
of adverse events. We sought to evaluate the prognos-
tic implications of cardiac neurohormonal activation,
as reflected by the plasma level of B-type natriuretic
peptide, across the entire spectrum of acute coro-
nary syndromes.

 

METHODS

 

Study Population

 

The Oral Glycoprotein IIb/IIIa Inhibition with Orbofiban in
Patients with Unstable Coronary Syndromes–Thrombolysis in My-
ocardial Infarction 16 trial was a randomized, multicenter trial com-
paring an oral platelet glycoprotein IIb/IIIa receptor inhibitor, or-

B
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bofiban, with placebo in 10,288 patients with acute coronary
syndromes. The study protocol was approved by the institutional
review board of each participating hospital, and all patients pro-
vided written informed consent. Patients were included if they pre-
sented within 72 hours after the onset of ischemic discomfort and
met one or more of the following criteria: electrocardiographic
changes (ST-segment depression or elevation of at least 0.5 mm,
T-wave inversion of at least 3 mm in at least three leads, or left
bundle-branch block), elevated levels of cardiac markers, a history
of coronary disease, or an age of at least 65 years in patients with
diabetes or vascular disease.

 

15

 

 Patients received 150 to 162 mg of
aspirin daily and were randomly assigned to receive 50 mg of or-
bofiban twice daily; 50 mg of orbofiban twice daily for one month,
followed by 30 mg of orbofiban twice daily; or placebo. The study
was terminated prematurely because of an increase in mortality in
the group assigned to receive 50 mg twice daily initially and then
30 mg twice daily.

 

15

 

 The present substudy included all 2525 pa-
tients who were assigned to the group given 50 mg of orbofiban
twice daily and who provided a base-line plasma specimen suit-
able for analysis. The data were collected and retained by the
study investigators, who also performed the analyses.

 

Blood Sampling

 

At the time of enrollment, blood specimens were collected in
citrate-treated tubes and centrifuged for at least 12 minutes. The
plasma component was frozen and shipped on dry ice to Children’s
Hospital (Boston), where samples were stored at ¡70°C. In 925
patients, C-reactive protein was measured with use of a high-sen-
sitivity assay (N Latex CRP assay, Dade Behring, Newark, Del.) and
fibrinogen was measured with use of a commercial assay on a BN
II analyzer (Dade Behring). After the trial was completed, all avail-
able plasma specimens from the group given 50 mg of orbofiban
twice daily were shipped to Biosite Diagnostics (San Diego, Calif.),
where they were thawed and analyzed.

 

Biochemical Analyses

 

Sequential sandwich immunoassays for the quantification of
B-type natriuretic peptide and troponin I were performed in 384-
well microtiter plates with use of an automated system (Tecan Gen-
esis robotic sample processor 200/8, Durham, N.C.). The amount
of analyte was quantified on the basis of the level of binding of
alkaline phosphatase–conjugated antibody. The analytic sensitiv-
ity of the B-type natriuretic peptide and troponin I immunoassays
were approximately 5 pg per milliliter and 50 pg per milliliter, re-
spectively.

 

End Points

 

The end points of death from any cause and nonfatal myocar-
dial infarction were evaluated at 30 days and the end of the fol-
low-up period (10 months). Myocardial infarction was defined ac-
cording to previously reported criteria,

 

16

 

 and all cases of suspected
infarction were adjudicated by a clinical-events committee. Informa-
tion on the end point of new or worsening heart failure or car-
diogenic shock was collected from the case-record forms.

 

Statistical Analysis

 

Patients were divided into quartiles on the basis of their B-type
natriuretic peptide level at the time of enrollment. The mean val-
ues and proportions of base-line variables were compared among
quartiles with the use of linear regression for continuous variables
and log-linear analysis for categorical variables. The correlation
between B-type natriuretic peptide levels and other continuous
base-line variables was assessed with the use of Pearson’s product-
moment correlation coefficient. B-type natriuretic peptide levels
were not adjusted for age.

To evaluate its association with clinical outcomes, B-type natri-
uretic peptide was considered as both a continuous and a categor-
ical variable. The level of B-type natriuretic peptide was compared
between patients who met a study end point and those who did
not with use of the Wilcoxon rank-sum test. Cox regression analy-

sis was used to evaluate the association between the quartile of
B-type natriuretic peptide and the risk of adverse outcomes for the
first 30 days after randomization and at 10 months. Stratified
analyses were performed among patients with various troponin I
levels, as well as those with and those without a clinical diagnosis
of heart failure. Analyses were performed in subgroups defined ac-
cording to the index diagnosis. The quartile ranges were recalcu-
lated for each of these subgroups.

For the end point of death from any cause through the end of
follow-up (10 months), we constructed a logistic-regression model
using forward stepwise selection. Clinical variables for which data
were available from more than 75 percent of patients were entered
into the model if they had a univariate P value of less than 0.1;
variables were removed if they had a multivariate P value greater
than or equal to 0.1. Base-line levels of troponin I and B-type na-
triuretic peptide were then added to the completed model. The
final model included only the 2280 patients for whom data were
available for all variables. Finally, we performed analyses using the
B-type natriuretic peptide threshold of 80 pg per milliliter that
has been established for the diagnosis of congestive heart failure.

 

17

 

RESULTS

 

The study population consisted of 2525 patients:
825 were enrolled after a myocardial infarction with
ST-segment elevation, 565 after a myocardial infarc-
tion without ST-segment elevation, and 1133 after an
episode of unstable angina. In two patients, the index
diagnosis was not specified. The B-type natriuretic
peptide level ranged from 5 to 1456 pg per milliliter,
with a mean (±SD) of 114±126 pg per milliliter, a me-
dian of 81 pg per milliliter, and 25th and 75th percen-
tile values of 44 and 138 pg per milliliter, respectively.
The mean time from the onset of ischemic symptoms
to enrollment was 40±20 hours (median, 40).

 

Association with Base-Line Clinical Variables

 

In univariate analyses, higher base-line levels of
B-type natriuretic peptide were associated with older
age, female sex, white race, and a history of hyper-
tension, heart failure, and vascular disease; the level
of B-type natriuretic peptide was inversely associated
with a history of hypercholesterolemia and current
smoking (Table 1). Patients with higher B-type na-
triuretic peptide levels were more likely than those
with lower levels to present in Killip class II, III, or
IV and to have electrocardiographic changes at base
line, elevated levels of creatine kinase MB, and renal
insufficiency (Table 1). There was no consistent rela-
tion between the level of B-type natriuretic peptide
and the time from the onset of ischemic symptoms:
the median levels were 72, 87, and 81 pg per milli-
liter for patients presenting less than 24 hours, 24 to
48 hours, and more than 48 hours after the onset of
symptoms, respectively.

Although statistically significant, the associations be-
tween levels of B-type natriuretic peptide and C-reac-
tive protein levels (r=0.2, P<0.001), fibrinogen levels
(r=0.18, P<0.001), peak levels of the MB isoform
of creatine kinase (r=0.09, P<0.001), and the ejec-
tion fraction (r=0.23, P<0.001) were only moder-
ately strong. Patients with higher B-type natriuretic
peptide levels had a greater number of coronary ar-
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teries with stenosis of at least 50 percent (P<0.001)
and a greater likelihood of a positive stress test (P<
0.01) than patients with lower levels (data not shown).

 

Clinical Outcomes

 

The base-line level of B-type natriuretic peptide
was higher among patients who died than among
those who were alive at 30 days (median, 153 vs. 80
pg per milliliter; P<0.001) and at 10 months (me-
dian, 143 vs. 79 pg per milliliter; P<0.001). These
differences remained significant in subgroups of pa-
tients who had myocardial infarction with ST-seg-
ment elevation (P=0.002 at 30 days and P=0.008
at 10 months), patients who had myocardial infarction
in the absence of ST-segment elevation (P<0.001 at
both 30 days and 10 months), and patients who had
unstable angina (P=0.002 at 30 days and P<0.001
at 10 months). The level of B-type natriuretic pep-
tide was higher among patients who had new or re-
current myocardial infarction within 30 days (P=
0.02) or 10 months (P=0.01) than among patients
who were free of infarction. Finally, the level of B-type
natriuretic peptide was higher among patients who

had new or worsening heart failure within 30 days
(P<0.001) or 10 months (P<0.001) than among
those in whom heart failure did not develop.

The unadjusted mortality rate increased in a step-
wise fashion across increasing quartiles of base-line
B-type natriuretic peptide levels (P<0.001) (Fig. 1).
This association remained significant in subgroups
of patients who had myocardial infarction with ST-
segment elevation, patients who had myocardial in-
farction in the absence of ST-segment elevation, and
patients who had unstable angina (Fig. 2). In addition,
the association between the level of B-type natriuretic
peptide and the 10-month mortality rate remained
graded and significant both among 327 patients with
a history of heart failure or a finding of Killip class
II, III, or IV at presentation (P=0.007) and among
2165 patients without such findings (P<0.001).
When stratification was based on the level of troponin
I at the time of enrollment, increasing levels of B-type
natriuretic peptide remained associated with a higher
10-month mortality rate, among both 882 patients
with a troponin I level of 0.1 ng per milliliter or less
(P=0.01) and 1630 patients with a troponin I level

 

*Plus–minus values are means ±SD.

†For each variable, the percentages reflect the total number of patients for whom data were available. In some instances, this number was less than the
total number of patients in the quartile.
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(137.9–1456.6 pg/ml)
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No. of patients 631 632 632 630

Age — yr 57±10 59±11 61±12 66±11 <0.001

Male sex — no. (%) 474 (75) 465 (74) 472 (75) 405 (64) <0.001

White race — no. (%) 575 (91) 592 (94) 605 (96) 603 (96) <0.001

Medical history — no. (%)
Hypertension
Congestive heart failure
Coronary artery disease
Peripheral vascular disease
Cerebrovascular disease
Diabetes
Hypercholesterolemia

246 (39)
26 (4)

329 (52)
33 (5)
24 (4)

138 (22)
199 (32)

254 (40)
28 (4)

312 (49)
43 (7)
32 (5)

133 (21)
191 (30)

263 (42)
26 (4)

294 (47)
48 (8)
39 (6)

132 (21)
173 (27)

298 (47)
56 (9)

327 (52)
57 (9)
60 (10)

152 (24)
149 (24)

0.003
<0.001

0.7
0.008

<0.001
0.4

<0.001

Smoking status — no. (%)
Current smoker
Never smoked
Former smoker

233 (37)
193 (31)
204 (32)

263 (42)
161 (26)
205 (33)

236 (37)
185 (29)
209 (33)

189 (30)
254 (40)
186 (30)

<0.001

Index diagnosis — no. (%)
Myocardial infarction with ST-segment elevation
Myocardial infarction without ST-segment elevation
Unstable angina

141 (22)
87 (14)

402 (64)

189 (30)
137 (22)
306 (48)

231 (37)
159 (25)
241 (38)

264 (42)
182 (29)
184 (29)

<0.001

Physical findings
Systolic blood pressure — mm Hg
Killip class II, III, or IV — no. (%)

130±20
31 (5)

129±19
36 (6)

128±22
56 (9)

129±21
109 (18)

0.3
<0.001

Results of diagnostic tests — no. (%)
Creatinine clearance «90 ml/min
Creatine kinase MB >upper limit of normal
ST-segment depression »0.5 mm

146 (24)
212 (58)
270 (43)

185 (31)
308 (72)
297 (47)

229 (38)
349 (79)
311 (49)

350 (58)
388 (86)
356 (57)

<0.001
<0.001
<0.001
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of more than 0.1 ng per milliliter (P<0.001). Simi-
lar results were obtained when stratification was based
on troponin I thresholds of 0.4 and 1.5 ng per milli-
liter (P<0.001 for each comparison of patients above
and patients at or below each threshold). The asso-
ciation between B-type natriuretic peptide and mor-
tality at 10 months was significant for both men (P<
0.001) and women (P=0.01).

In a logistic-regression model in which we adjust-
ed for other independent predictors of the long-
term risk of death, including age, troponin I levels,
and presence or absence of heart failure, renal insuf-
ficiency, and ST-segment deviation, increasing levels
of B-type natriuretic peptide remained associated with
an increased risk of death at 10 months (Fig. 3). The
adjusted odds ratios for death at 10 months in the
second, third, and fourth quartiles of B-type natriu-
retic peptide were 3.8 (95 percent confidence interval,
1.1 to 13.3), 4.0 (95 percent confidence interval, 1.2
to 13.7), and 5.8 (95 percent confidence interval,
1.7 to 19.7), respectively (Fig. 3). When age was en-
tered into the model as a continuous variable, the re-
sults were unchanged.

 

Evaluation of a B-Type Natriuretic Peptide Threshold 
of 80 pg per Milliliter

 

Patients with a B-type natriuretic peptide level of
more than 80 pg per milliliter were significantly more
likely to die, have a new or recurrent myocardial in-
farction, or have new or progressive heart failure than
those with a level of 80 pg per milliliter or less (Fig.
4). After adjustment for other independent predic-
tors of the long-term risk of death, a B-type natriu-
retic peptide level of more than 80 pg per milliliter
remained significantly associated with an increased
10-month mortality rate (P=0.04).

 

DISCUSSION

 

We have demonstrated in a large, contemporary co-
hort of patients that a single measurement of B-type
natriuretic peptide, obtained a median of 40 hours
after the onset of ischemic symptoms, provides pow-
erful information for use in risk stratification across
the entire spectrum of acute coronary syndromes.
Despite heterogeneity in pathophysiology, clinical
presentation, and risk among patients who had my-
ocardial infarction with ST-segment elevation, patients

 

Figure 1.

 

 Kaplan–Meier Curves Showing the Cumulative Incidence of Death at 10 Months, According
to the Quartile of B-Type Natriuretic Peptide Level at Enrollment.
The range of B-type natriuretic peptide levels was as follows: 5.0 to 43.6 pg per milliliter (quartile 1),
43.7 to 81.2 pg per milliliter (quartile 2), 81.3 to 137.8 pg per milliliter (quartile 3), and 137.9 to 1456.6
pg per milliliter (quartile 4). P<0.001 for the trend among the quartiles.
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who had myocardial infarction in the absence of ST-
segment elevation, and patients who had unstable an-
gina, increasing levels of B-type natriuretic peptide
were predictive of an increased risk of death in each
of these subgroups. This finding suggests that acti-
vation of the cardiac neurohormonal system may be
a unifying feature among patients at high risk for
death after acute coronary syndromes.

The association between B-type natriuretic peptide
and the long-term risk of death was independent of
the presence or absence of clinical evidence of heart
failure, as well as renal function, the troponin I level,
electrocardiographic changes, and other known pre-
dictors of the risk of death in patients with acute cor-
onary syndromes. In addition, a high level of B-type
natriuretic peptide was associated with an increased
risk of nonfatal end points, including new or progres-
sive heart failure and myocardial infarction. Finally, it
appears that the previously defined B-type natriuret-
ic peptide threshold of 80 pg per milliliter, indicative
of neurohormonal activation in patients with heart
failure,

 

17

 

 is also an appropriate threshold among pa-
tients with acute coronary syndromes.

Previous studies have demonstrated that after a
myocardial infarction, a higher plasma level of B-type
natriuretic peptide is associated with a larger infarct
size,

 

6,18

 

 an increased likelihood of ventricular remod-
eling,

 

19

 

 a lower ejection fraction,

 

11,18

 

 and an increased
risk of heart failure and death.

 

8,10-14

 

 These studies
each included fewer than 150 patients and focused
on relatively homogeneous groups of patients who
had myocardial infarction with ST-segment elevation.

 

Figure 2.

 

 Association between the B-Type Natriuretic Peptide Level and the Mortality Rate at 10
Months, According to the Index Diagnosis.
Quartiles were recalibrated for each of the subgroups. Quartile 1 represents the lowest level of B-type
natriuretic peptide, and quartile 4 the highest level. P values are for the trend within each subgroup.
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Figure 3.

 

 Stepwise Logistic-Regression Model Showing the As-
sociation between Selected Base-Line Clinical Variables and
the Odds Ratio for Death at 10 Months.
The cardiac troponin I level and B-type natriuretic peptide quar-
tiles were forced into the final model. Horizontal lines are 95
percent confidence intervals. In addition to the variables shown
in the figure, the final model included presence or absence of
a history of hyperlipidemia, peripheral vascular disease, or heart
failure; presence or absence of prior therapy with diuretics, an-
giotensin-converting–enzyme inhibitors, nitrates, or heparin;
heart rate; blood pressure; and creatinine clearance. MI denotes
myocardial infarction.
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Our study extends these findings to patients with
acute coronary syndromes in the absence of ST-seg-
ment elevation, including those with unstable angi-
na and no evidence of myocardial necrosis.

Unlike traditional cardiac biomarkers used to predict
risk among patients with acute coronary syndromes,
B-type natriuretic peptide has a putative role in the
counterregulatory response to ischemia. Therefore, it
may act as an index of the extent or severity of the
ischemic insult, as well as the degree of underlying im-
pairment in left ventricular function. In an animal
model of transmural infarction, the level of expression
of the B-type natriuretic peptide gene in the left ven-
tricle was tripled within four hours after coronary li-
gation, and tissue levels of B-type natriuretic peptide
were increased in noninfarcted as well as infarcted
regions.

 

20

 

 The level of B-type natriuretic peptide in-
creases rapidly and transiently after exercise testing in
patients with chronic stable angina, and the degree
of elevation is correlated with the size of the ischemic
territory as measured with the use of nuclear single-
photon-emission computed tomography imaging.

 

21

 

Furthermore, the level increases transiently after un-
complicated percutaneous transluminal coronary an-
gioplasty, even in the absence of changes in pulmo-
nary-capillary wedge pressure.

 

22,23

 

Several small cross-sectional studies have shown
that the level of B-type natriuretic peptide is higher
among patients with unstable angina than among pa-
tients with stable angina or among healthy con-
trols.

 

24,25

 

 In one of these studies, a finding of an el-
evation in B-type natriuretic peptide correlated with
echocardiographic findings of regional wall-motion
abnormalities, but not with hemodynamic data ob-

tained at the time of simultaneous cardiac catheter-
ization; furthermore, after medical stabilization, wall-
motion abnormalities improved and B-type natriuretic
peptide levels fell significantly.

 

25

 

Taken together, these findings suggest that myo-
cardial ischemia augments the synthesis and release
of B-type natriuretic peptide, even in the absence of
myocardial necrosis or preexisting left ventricular dys-
function. Reversible ischemia may transiently increase
left ventricular wall stress, which may be sufficient to
cause an elevation in B-type natriuretic peptide lev-
els. Our findings further suggest that the prognostic
implications of neurohormonal activation are distinct
from those of myocyte necrosis; even among patients
with unstable angina and those without troponin I
elevation, the degree of elevation in B-type natriu-
retic peptide is of prognostic importance.

We measured B-type natriuretic peptide once, ap-
proximately two days after the index event. It is not
possible from a single measurement to determine
whether neurohormonal activation is reflective of the
acute (index) event or of preexisting left ventricular
dysfunction. However, even after adjustment for var-
iables such as the presence or absence of a history of
hypertension, heart failure, and use of diuretics or an-
giotensin-converting–enzyme inhibitors, the level of
B-type natriuretic peptide remained predictive of the
long-term risk of death. A study in patients hospital-
ized with heart failure suggests that serial measure-
ments of B-type natriuretic peptide may provide more
prognostic information than a single measurement,
since the prognosis was better when levels fell after
therapy than when they remained the same.
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 Future
studies should evaluate the use of serial measurements

 

Figure 4.

 

 The Incidence of Death, New or Progressive Congestive Heart Failure (CHF), and New or Re-
current Myocardial Infarction (MI) at 30 Days and 10 Months among Patients with B-Type Natriuretic
Peptide Levels above or at or below the Prespecified Threshold of 80 pg per Milliliter.
P<0.005 for each comparison.
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of B-type natriuretic peptide in patients with acute
coronary syndromes.

For a cardiac biomarker to be clinically useful, it
must help clinicians select an appropriate therapeutic
regimen. For example, patients who have an elevation
in troponin T or I levels after acute coronary syn-
dromes appear to derive specific benefit from an early,
aggressive strategy that includes potent antiplatelet
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and antithrombotic
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 therapy and early revasculariza-
tion.
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 In addition, patients who have elevated C-reac-
tive protein levels after myocardial infarction appear
to benefit from statin therapy.
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 Patients with elevat-
ed levels of B-type natriuretic peptide after an acute
coronary syndrome are at high risk for death, a new
myocardial infarction, and heart failure and may bene-
fit from intensive antiplatelet and antithrombotic ther-
apies, neurohormonal antagonism with agents such as
beta-blockers and angiotensin-converting–enzyme in-
hibitors, and early revascularization. Equally impor-
tant, patients who have normal levels of B-type natri-
uretic peptide after an acute coronary event appear
to have a particularly low long-term risk of death
and heart failure. In this group of patients, a less in-
tensive management approach may be appropriate,
in order to avoid the cost and risk associated with po-
tentially unnecessary therapies. Future studies should
directly assess the role of B-type natriuretic peptide
in identifying patients who would benefit from var-
ious treatment strategies.

The level of B-type natriuretic peptide, measured
in the first few days after an acute coronary event,
predicts the long-term risk of death and nonfatal car-
diac events across the spectrum of acute coronary syn-
dromes. The prognostic usefulness of B-type natriuret-
ic peptide persists after adjustment for the presence
or absence of clinical evidence of heart failure, as well
as other important predictors of mortality, including
clinical characteristics, renal function, electrocardio-
graphic changes, and troponin I levels. These findings
suggest that B-type natriuretic peptide should be
measured after an acute coronary syndrome in order
to identify patients at high and low risk for adverse
outcomes and that treatment, including the intensity
of surveillance and the use of aggressive pharmaco-
logic and interventional therapy, should be adjusted
accordingly.
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