Evolution of B-type natriuretic peptide in evaluation of intensive

care unit shock*

ongestive heart failure (CHF)

is a major and increasing

cause of death and disability

in United States. Its preva-
lence is attributable to the drastic in-
crease in cardiovascular risk factors such
as obesity and diabetes and improved sur-
vival rate after acute myocardial infarc-
tion (and subsequent development of
CHF). CHF has a prevalence of 4.9 mil-
lion and an incidence of 550,000 cases
per year. The extremely high readmission
rates for CHF patients account for signif-
icant resource use (1-4).

Until recently, owing to the subjectiv-
ity of methods used to distinguish heart
failure from pulmonary conditions, de-
termining the cause of dyspnea has been
difficult especially in the urgent care set-
ting. In 2002, the Breathing Not Properly
as well as other studies demonstrated
that B-type natriuretic peptide (BNP) not
only significantly increases diagnostic ac-
curacy (Fig. 1) (5-7) but also correlates
with long-term morbidity and mortality
in patients with chronic heart failure pre-
senting to the emergency department (8).

Since elevations of BNP are related to
presence and severity of CHF, it is no
surprise that it is a powerful marker for
prognosis and risk stratification in the
setting of heart failure. In a recent study
of 78 patients referred to a heart failure
clinic, BNP showed a significant correla-
tion to the heart failure survival score (9).
In addition, changes in plasma BNP con-
centrations were significantly related to
changes in limitations of physical activi-
ties and were a powerful predictor of
functional status deterioration. Hence,
BNP concentrations may be able to accu-
rately objectify New York Heart Associa-
tion classification (6). Harrison et al. (8)

*See also p. 1643.
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followed 325 patients for 6 months after
an index visit to the emergency depart-
ment for dyspnea. Higher BNP concen-
trations were associated with a progres-
sively worse prognosis. The relative risk
of 6-month CHF admission or death in
patients with BNP concentrations >230
pg/mL was 24 times the risk of concen-
trations less than this. Cheng et al. (10)
followed the course of 72 patients admit-
ted with decompensated CHF with daily
BNP concentrations and their relation-
ship to 30-day readmission rates or death.
Patients who were most likely to have a
cardiac event had higher BNP concentra-
tions both at the time of admission and at
discharge. Only 16% of patients with a
decrease in BNP concentrations during
hospitalization had a subsequent cardiac
event, whereas 52% of those with in-
creasing BNP concentrations during
treatment had either readmission or car-
diac death. Patients whose discharge BNP
concentrations fell below 430 pg/mL had
a reasonable likelihood of not being read-
mitted within the following 30 days.
These data were supported by a recent
study by Bettencourt et al. (11), who
found that failure of BNP concentrations
to decrease over the hospitalization pe-
riod predicted death/rehospitalization
and that discharge concentrations <250
pg/mL predicted event-free survival. In
another study by Berger et al. (12), 452
high-risk cardiovascular patients with
ejection fraction <35% were followed for
3 yrs. In this study, BNP with a cut-point
of 130 pg/mL was the only independent
predictor of sudden cardiac death in a
multivariate analysis with standard vari-
ables like ejection fraction, New York
Heart Association class, or antiarrhyth-
mic medication. Recently, Wang et al.
(13), the investigators from the Framing-
ham Offspring Study, showed that the
utility of BNP concentrations >20 pg/mL
were associated with an increase by
>60% in the long-term (5 yrs) risk of
death even in asymptomatic middle-aged
persons (Fig. 2).

In another important article, published
in this issue of Critical Care Medicine,
Dr. Tung and colleagues (14) demon-
strate that BNP concentrations in in-
tensive care unit shock might provide
powerful information for use in mortal-
ity prediction. Median BNP concentra-
tions were higher in those who died
than those who survived (943 pg/mL vs.
378 pg/mL, p < .001). Also, using mul-
tivariate analysis, they showed that BNP
concentration in the highest log-
quartile was the strongest predictor of
mortality (odds ratio = 4.50). Even
though they showed no correlation be-
tween a single BNP value and pulmo-
nary artery occlusion pressure in inter-
patient analysis (which could be
explained by variation of individual pa-
tients, age, gender, ethnicity, baseline
and dry BNP concentration, and to
some extent by renal function), it is
clear that a BNP <350 pg/mL had a very
high negative predictive value (95%)
for the diagnosis of cardiogenic shock.
This study support the study published
in 2001 by Kazanagra et al. (15), involv-
ing 20 patients with decompensated
New York Heart Association class ITI-IV
CHF undergoing tailored therapy,
which showed a significant correlation
between percent change in occlusion
pressure from baseline per hour and the
percent change of BNP from baseline
per hour (Fig. 3). In this study, the
authors also showed that the patients
who died had higher final BNP concen-
trations (1078 = 123 pg/mL vs. 701 =
107 pg/mL). The authors concluded
that although BNP concentrations will
not obviate the need for invasive hemo-
dynamic monitoring, these concentra-
tions may be a useful adjunct in tailor-
ing therapy to these patients and may
improve the in-hospital management of
patients admitted with decompensated
CHF. Even though Dr. Tung and col-
leagues (14) could not differentiate car-
diogenic from noncardiogenic shock
using BNP, BNP concentrations have
been a useful surrogate of occlusion
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Figure 1. Sensitivity vs. specificity for heart failure by B-type natriuretic peptide concentrations. Data
from the Breathing Not Properly Multinational Study; adapted with permission (6).
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Figure 2. Shows the secretion of B-type natriuretic peptide (BNP; 132 amino acids) in response to wall
stress and then its sequential breakdown to a 76-amino acid N-terminal fragment and a 32-amino acid

active hormone.
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Figure 3. The correlation of treatment induced change in pulmonary artery occlusion pressure (PAW)
with change in B-type natriuretic peptide (BNP) from baseline. Adapted with permission (15).

pressure and are useful in differentiat-
ing heart failure from lung disease, and
BNP may be useful not only in exclud-
ing cardiogenic shock but also in dif-
ferentiating cardiogenic from noncar-
diogenic pulmonary edema. In a study
by Berman et al. (16), BNP concentra-
tions were obtained in 35 patients with
acute respiratory distress syndrome
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(ARDS) and from 42 patients hospital-
ized for severe dyspnea with a diagnosis
of CHF. The median BNP concentration
in patients with CHF of 773 pg/mL was
significantly higher than patients with
ARDS (123 pg/mL, p < .001, Fig. 4).
The area under the receiver operator
characteristic curve using BNP to dif-
ferentiate CHF from ARDS was 0.90
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Figure 4. B-type natriuretic peptide (BNP) con-
centrations in coronary heart failure (CHF) and
acute respiratory distress (ARDS) syndrome pa-
tients. Adapted with permission (16). *» < .001.

(0.83-0.98, p < .001). At a cut-point of
360 pg/mL, there was 90% sensitivity,
86% specificity, 89% positive predictive
value, and a 94% negative predictive
value (accuracy = 88%) for ARDS vs.
CHF. Thus, BNP may be accurate
enough to differentiate noncardiogenic
from cardiogenic pulmonary edema
such that invasive hemodynamic cath-
eter placement may not always be nec-
essary. Hence, BNP concentrations
>360 pg/mL suggest CHF as the diag-
nosis of pulmonary edema.

There are very few limitations of the
study by Dr. Tung and colleagues (14),
including small sample size and single
point BNP testing, but the utility of mul-
tiple BNP testing in monitoring the he-
modynamic state of patients has been al-
ready addressed by Kazanagra et al. (15).
The merit of this study is in that it shows
that low BNP concentrations, tested by a
single inexpensive point of care assay, can
exclude cardiogenic shock (a high pulmo-
nary artery occlusion pressure or low car-
diac index) in the intensive care unit and
may be useful to avoid pulmonary artery
catheterization and the risks associated
with pulmonary artery placement as well
as the necessity of an intensive care unit
bed. Also, elevated BNP concentrations
may offer superior prognostic informa-
tion to the critical care practitioner to
help identify patients at highest risk for
mortality.

BNP is the first biomarker to prove its
value in a) screening for left ventricular
dysfunction; b) assessing prognosis while
monitoring patients; c) tailoring manage-
ment and titrating therapy (17); d) pro-
viding objectivity in assessing discharge
and admission criteria; e) predicting and
decreasing adverse cardiac events and re-
admissions in heart failure patients (18);
and f) characterization and prognostica-
tion of intensive care unit patients in
shock.
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To conclude, this rapid, inexpensive,
point-of-care test, which is simple to ad-
minister in a variety of clinical settings,
can enable care providers to facilitate and
optimize care of heart failure patients. As
with everything there are limitations to
BNP testing, as it is not a standalone test;
however, when used judiciously, it could
be a powerful tool in the hands of clini-
cians. Emerging clinical data will help
further refine biomarker-guided thera-
peutic and monitoring strategies involv-
ing BNP.
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intensive care unit®

(QODD) questionnaire assesses symp-
toms, patient preferences, and satisfac-
tion with care. Curtis and coworkers
showed that symptom assessment and
treatment, continuity of care, and good
communication within the patient-
family-staff triad were associated with a
better quality of death. In this issue of
Critical Care Medicine, the same group
turned the spotlight onto nurses as a
valuable source of information about the
quality of dying in the ICU (25). Instead
of asking physicians or family members
how they perceived death in the ICU, Dr.
Hodde and colleagues (25) asked nurses.
The authors based this approach on data
showing that nurses are both more crit-
ical about end-of-life care than physicians
and less likely to be distressed by after-
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