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AIM: To investigate the plasma levels of atrial and brain natriuretic pep-
tides (ANP and BNP), cardiac troponin I (cTnl) and C-reactive protein
(CRP) as prognostic factors for survival in patients with sepsis.
METHOD: Evaluation of serum levels of ANP, BNP, cTnl and CRP of
patients on admission to an intensive care unit, two days later, and on the
day of discharge from the intensive care unit or on the day of death.
RESULTS: ANP levels were significantly higher in the nonsurviving
patients (day 1: 70.00+49.54 pg/mL; day 2: 138.85+143.15 pg/mL; and
died/discharged day: 375.70+262.66 pg/mL) than surviving patients (day 1:
23.96+29.93 pg/mL; day 2: 10.06+6.03 pg/mL; died/discharged day:
6.68+100.98 pg/mL, P<0.001). The BNP levels were significantly higher in
the nonsurvivors (day 1: 254.78+308.62 pg/mL; day 2: 383.22+307.19 pg/mL;

and died/discharged day: 696.47+340.33 pg/mL), than survivors (day 1:
13.72+12.95 pg/mL; day 2: 7.20+5.85 pg/mL; died/discharged day:
4.51+4.64 pg/mL, P<0.001). The cTnl levels were significantly higher in
the nonsurviving patients (day 2: 0.16+0.38 pg/L; died/discharged day:
0.78+2.48 pg/L) than surviving patients (day 2: 0.04+0.07 pg/L; died/dis-
charged day: 0.02+0.01 pg/L, P<0.05). The CRP levels were significantly
higher in the nonsurvivors (day 2: 119.3+71.5 mg/L; and died/discharged
day: 145.7+74.7 mg/L) than survivors (day 2: 57.0£29.7 mg/L; died/dis-
charged day: 26.8424.0 mg/L, P<0.05). There were no significant differ-
ences between nonsurvivors and survivors for cTnl and CRP on day 1.
CONCLUSION: With the exception of cTnl and CRP on day 1, all of
the parameters were significantly powerful to determine nonsurvivors on
all days. Among these variables, BNP was the most powerful diagnostic
parameter for the prediction of nonsurvivors on all days.
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Natriuretic peptides play an important role in the regula-
tion of cardiovascular homeostasis and fluid volume.
They promote natriuresis and diuresis, act as vasodilators and
exert antimitogenic effects on cardiovascular tissues (1,2).
Increased plasma levels of natriuretic peptide hormones have
been identified as predictors of cardiac dysfunction and death
in many critical care settings, including congestive heart fail-
ure, myocardial infarction and septic shock (3-7). Two mem-
bers of the natriuretic family, atrial natriuretic peptide (ANDP)
and brain natriuretic peptide (BNP), are secreted by the heart
mainly in response to myocardial stretch induced by volume
load. Patients with septic shock show reversible left ventricular
systolic dysfunction, commonly masked by a concomitant ele-
vation in the cardiac index (8).

The cardiac-specific contractile protein troponin I (cTnl)
has been suggested to be a sensitive marker of minor myocar-
dial cell injury in systemic inflammation, sepsis or septic shock
(9,10). cTnl levels have been shown to be superior to measure-
ments of creatine kinase-MB activity for the detection of
minor myocardial injury (11). Recent studies (12) have shown
that troponin measurements in patients with chest pain in the
emergency room allow risk stratification for poor prognosis, such
as acute myocardial infarction and death. However, several stud-
ies have raised the question of the unexpectedly high percentage
of elevated troponin levels in intensive care unit (ICU) patients
without underlying coronary syndromes (9,13).

A number of inflammatory cells and mediators involved in
the inflammatory response have been assessed for their role as
potential markers of the presence and severity of the inflamma-
tory response and organ failure (14,15). Serum levels of C-reactive
protein (CRP), an acute-phase protein synthesized by the liver
following stimulus by various cytokines such as tumour necrosis
factor-alpha and interleukin-6, markedly increase within hours
after the onset of infection or inflammation (16). Numerous
studies (17-19) have demonstrated increased CRP levels in
patients with sepsis, but the relation to multiple organ dysfunc-
tion and failure has not been well evaluated.

The prognostic utility of ANP, BNP, ¢Tnl and CRP in a
heterogeneous population of critically ill patients admitted to
the ICU, including those admitted with sepsis, has not previ-
ously been investigated. The aim of the present study was to
test whether ANP, BNP, ¢Tnl and CRP measured around the
time of ICU admission would predict mortality, and be particu-
larly useful in predicting outcome in patients with sepsis
because of the high incidence of myocardial dysfunction in
these patients.

PATIENTS AND METHODS
Patients
The study was approved by the Committee for Ethics in
Human Research. Informed consent was obtained from the
next of kin of each patient. All patients admitted to the
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medical/surgical ICU from December 2003 to November 2005
for a diagnosis of sepsis were prospectively screened for inclu-
sion. To be included in the study, patients had to meet at least
two of the following criteria for sepsis, defined by the American
College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference Committee (20): temperature greater
than 38°C or lower than 36°C; heart rate greater than
90 beats/min; respiratory rate greater than 20 breaths/min or
PaCQ0, less than 32 mmHg; and leukocyte count greater than
12x10%/L or less than 4x10%/L. Although all patients who were
admitted to the ICU and met the above criteria were eligible
for enrollment, those with burns, under coronary care or with
trauma were excluded. Other exclusions were patients who
developed sepsis during their stay in the ICU, and thus did not
have sepsis on admission; an immunosuppressed state (treat-
ment with steroids, bone marrow or organ transplant recipi-
ents); leukopenia (white blood cell count less than 1x10°/L) or
neutropenia (polymorphonuclear granulocyte count less than
0.5%10%/L); hematological malignancy; AIDS; a medical condi-
tion considered to be irreversible or lethal within 24 h after
admission; and pre-existing conditions known to increase ANP
and BNP plasma levels (chronic heart disease, chronic systemic
hypertension, myocardial hypertrophy, chronic supraventricular
arrhythmia, acute cor pulmonale, chronic obstructive lung dis-
ease associated with chronic cor pulmonale; and patients with
chronic renal failure [serum creatinine greater than
180 umol/L]).

All patients had arterial catheters and central venous cath-
eters via the subclavian artery or vein in place, and, if required,
were mechanically ventilated in volume- or pressure-controlled
modes during continuous sedation with midazolam and
fentanyl. All patients received routine resuscitation therapy for
sepsis, including fluid administration with crystalloids and col-
loids. After blood and various biological specimens were col-
lected for microbiological analysis, all patients initially received
broad-spectrum antibiotics consisting of a combination of an
aminoglycoside with either a fourth-generation cephalosporin
or ciprofloxacin. Antibiotic treatment was adjusted based on
culture results.

Adequate initial resuscitation was given to all patients
with sepsis-induced tissue hypoperfusion in accordance with
the protocol of Rivers et al (21). Patients were considered
vasopressor-dependent if vasopressors were required to main-
tain the mean arterial pressure at levels greater than
65 mmHg to 70 mmHg. The vasopressor agents and corres-
ponding dose ranges were noradrenaline (3 pg/min to
40 pg/min), adrenaline (2 pg/min to 100 pg/min), or dopa-
mine (6 pg/kg/min to 30 pg/kg/min). The need for red blood
cell (RBC) transfusion was determined by the patient’s phys-
ician. The following transfusion guideline was established
for the study: no RBC transfusion if the hematocrit concen-
tration was 24% or greater, unless there was a specific clin-
ical indication (active bleeding, ischemia, or other); RBC
transfusion for a hematocrit concentration below 24% was at
the physician’s discretion.

Clinical and functional investigations

The present prospective study was designed to evaluate the
predictive value of ANP, BNP, ¢Tnl and CRP levels on the
mortality and morbidity of sepsis. ANP (normal values 35 pg/mL
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to 50 pg/mL), BNP (normal values less than 100 pg/mL), cTnl
(normal values less than 0.01 pg/L) and CRP (normal values
0 mg/L to 10 mg/L) levels were collected on admission (ie, dur-
ing the first 24 h), on day 2, and on the day of discharge from
the ICU or on the day of death. Patients were followed until
day 28 or death. Vital signs, clinical status and severity of dis-
ease parameters (Acute Physiology and Chronic Health
Evaluation [APACHE] II score) (22) were assessed daily. The
APACHE 1I score was calculated by means of maximal daily
deviations of 12 physiological variables from normal, with cor-
rections for age and various chronic illnesses. Duration of
mechanical ventilation was recorded. Survival was defined as
being alive at ICU discharge.

Results of the routine blood analyses (ie, complete blood
count, and serum chemistry including ANP, BNP, ¢Tnl and
CRP) were known and recorded. ANP, BNP and cTnl levels
were measured at the same times. Venous blood was collected
into a 10 mL sterile plain tube (without anticoagulant) before
administration of any medications and stored at —20°C. Before
assay, all samples were thawed to room temperature and mixed
by gentle swirling or inversion. ANP and BNP plasma levels
were assayed using an immunoradiometric assay (Shionora-
BNP, Cishio International, France). Two direct specific mono-
clonal antibodies against human ANP and BNP were used. One
recognizes the carboxy-terminal sequence, and the other detects
the ring structure of human ANP and BNP. Analytical perform-
ances of the ANP and BNP using Shionoria-BNP have been
evaluated in the authors’ laboratory. The intra-assay coefficient
of variation was between 15% and 9% for low and high concen-
trations, respectively. The lowest detectable limits of ANP and
BNP were 1.02 pg/mL and 0.51 pg/mL, respectively.

Determination of plasma levels of cTnl was performed using
the IMMUNO-1 immuno-enzymatic assay (Diasporin SPA,
Italy). The lowest detectable limit of cTnl was 0.009 pg/L.
Determination of plasma levels of CRP was performed using
nephelometry (IMMAGE Systems, Beckman Coulter Inc,
USA). The lowest detectable limit of CRP was 6.9 mg/L.

Statistical analysis

Normality distribution of the variables was tested using the
one-sample Kolmogorov-Smirmov test. Demographic charac-
teristics were compared using Student’s t test or the Mann-
Whitney U test between groups, depending on distribution.
Categorical variables were analyzed using the %2 test.

Area under the curve (AUC) of the receiver operating
characteristic (ROC) curve was used to assess the predictive
power of ANP, BNP, cTnl, CRP and APACHE II levels for non-
survivors. A plot of true-positive rate against false-positive rate
was made, and the AUC was measured. The sensitivity and
specificity rates of the variables for death were estimated by cut-
off points. The AUC is a measure of the overall discriminatory
power of the prognostic variable. A value of 1.0 indicates perfect
discrimination, a value of 0.5 equals random prediction and a
value of lower than 0.5 indicates no discriminative power.

Statistica 7.0 statistical software (StatSoft Inc, USA) was
used for statistical analysis. P<0.05 was considered to be statis-
tically significant.

RESULTS
Among the 77 patients admitted for sepsis during the study
period, 40 were included in the present study. Thirty-seven
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TABLE 1

Comparisons of ANP, BNP, cTnl and CRP levels, and
APACHE Il scores between survivors and nonsurvivors by
days in ICU

Characteristic Survivors Nonsurvivors P
Age, years 60.9+16.8 65.4+18.0 >0.05
ICU days 18.7£3.7 19.4+£18.0 >0.05
Ventilation, days 14.9+3.2 18.7+17.1 >0.05
ANP, pg/mL

Day 1 23.96+29.93 70.00+49.54 <0.001

Day 2 10.06+6.03 138.85+143.15 <0.001

Last day 6.68+100.98 375.70+262.66 <0.001
BNP, pg/mL

Day 1 13.72+12.95 254.78+308.62 <0.001

Day 2 7.2045.85 383.22+307.19 <0.001

Last day 4.51+4.64 696.47+340.33 <0.001
cTnl, pg/L

Day 1 0.24+0.56 0.19+0.48 >0.05

Day 2 0.04+0.07 0.16+0.38 <0.05

Last day 0.02+0.01 0.78+2.48 <0.05
CRP, mg/L

Day 1 103+105 102.4+71.1 >0.05

Day 2 57.0£29.7 119.3+71.5 <0.05

Last day 26.8+24.0 145.7£74.7 <0.05
APACHE Il

Day 1 19.4+3.57 23.3+4.67 >0.05

Day 2 16.35+3.36 25.8+5.18 <0.001

Last day 12.90+2.75 35.7+6.23 <0.001

All data reported as mean + SD. ANP Atrial natriuretic peptide; APACHE 1l
Acute Physiology and Chronic Health Evaluation Il; BNP Brain natriuretic
peptide; cTnl Cardiac troponin I; CRP C-reactive protein; ICU Intensive care
unit

patients were excluded because of pre-existing cardiac disease
(n=18), cor pulmonale (n=4), renal failure (n=10) and pul-
monary embolism (n=5). Patient characteristics are presented
in Table 1. All 40 patients included in the study were mechan-
ically ventilated. Patients were divided into two groups: those
who were alive at time of ICU discharge (survivors; n=20) and
those who died (nonsurvivors; n=20); the two groups did not
differ in terms of underlying etiology of severe sepsis. The pri-
mary sites of infection were the lungs (85%) and the urinary
tract (15%). The majority (65%) of patients who died suffered
from multiple organ failure, defined as failure of two or more
vital organs.

There was no significant difference between the groups in
terms of arterial blood analysis, hemodynamic parameters and
biochemical parameters at admission into the ICU (P>0.05).
Eight patients in the survivors group and nine patients in the
nonsurvivors group received RBC transfusion. Ten patients in
the survivors group and 16 patients in the nonsurvivors group
received noradrenaline or dopamine infusion.

In the survivors and nonsurvivors groups, ventilation dur-
ation was 14.9+3.2 days and 18.7+17.1 days, respectively
(P>0.05). The ICU stay of the survivors was not significantly
different to that of the nonsurvivors (18.7+3.7 days versus
19.4+18.0 days, respectively; P>0.05).

Comparisons of ANP, BNP, ¢Tnl and CRP levels, and
APACHE II scores between survivors and nonsurvivors by days
are shown in Table 1. ANP, BNP and APACHE II values of

nonsurvivors were significantly higher than those of survivors
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Figure 1) Receiver operating characteristic curves showing the asso-
ciation between parameters (atrial natriuretic peptides [ANP], brain
natriuretic peptides [BNP], troponin I, C-reactive protein [CRP],
and Acute Physiology and Chronic Health Evaluation I scores
[APACHE I1I]) and survival outcome on day 1 in the intensive care
unit

on all days (P<0.001 for all comparisons). On the second day
and last day, the cTnl and CRP values were significantly higher
in nonsurvivors than survivors; however, there were no signifi-
cant differences on the first day.

To define an optimal decision threshold for ANP, BNP,
c¢Tnl and CRP levels, and APACHE II scores, ROC curve
analysis was performed. ROC curves are demonstrated in
Figure 1 for day 1, in Figure 2 for day 2 and in Figure 3 for the
last day.

Cut-off values, predictive accuracies and AUCs are shown in
Table 2. Except for ¢Tnl and CRP on day 1, all of the param-
eters were significantly powerful to discriminate non-survivors
on all days; their AUCs ranged from 0.731 to 1. Among the five
variables, BNP was the most powerful diagnostic parameter for
predicting nonsurvivors on all days (AUC=1 on all days).
APACHE II scores showed the same effect (AUC=1) on the
last day.

On the first day, optimal cut-off points for ANP, BNP and
APACHE II levels were greater than 47.6 pg/mL, 32.1 pg/mL
and 23, respectively. At these cut-off points, the sensitivity
rates for correct prediction of nonsurvivors were 70%, 100%
and 45%, respectively, whereas the specificity rates were 90%,
95% and 90%. On the second day, optimal cut-off points for
ANP, BNP, ¢Tnl, CRP and APACHE II levels were higher
than 15.4 pg/mL, 23.9 pg/mL, 0.03 pg/L, 56 mg/L and 20,
respectively. At these cut-off points, the sensitivity rates for
correct prediction of nonsurvivors were 90%, 100%, 65%, 80%
and 90%, respectively, whereas the specificity rates were 95%,
100%, 85%, 65% and 85%. On the last day, the optimal cut-off
points for ANP, BNP, ¢Tnl, CRP and APACHE II levels were
higher 9.8 pg/mL, 20.1 pg/mL, 0.03 pg/L, 66 mg/L and 17,
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Figure 2) Receiver operating characteristic curves showing the asso-
ciation between parameters (atrial natriuretic peptides [ANP], brain
natriuretic peptides [BNP], troponin I, C-reactive protein [CRP],
and Acute Physiology and Chronic Health Evaluation II scores
[APACHE 11]) and survival outcome on day 2 in the intensive care
unit
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Figure 3) Receiver operating characteristic curves showing the asso-
ciation between parameters (atrial natriuretic peptides [ANP], brain
natriuretic peptides [BNP], troponin I, C-reactive protein [CRP],
and Acute Physiology and Chronic Health Evaluation II scores
[APACHE II]) and survival outcome on the last day

respectively. At these cut-off points, the sensitivity rates for
correct prediction of nonsurvivors were 100%, 100%, 85%,
85% and 100%, respectively, whereas the specificity rates were

95%, 100%, 95%, 95% and 100%.
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TABLE 2

Calculated cut-off, sensitivity, specificity, and AUC values
for ANP, BNP, cTnl and CRP levels, and APACHE Il scores
at discharge/death outcome (last day)

Sensitivity ~ Specificity
Cut-off (%) (%) AUC P
ANP >47.6 70 90 0.819 0.001
_ |BNP >32.1 100 95 0.990  <0.001
2 [cTnl <0.03 50 65 0.425 0.417
O lcrp >7.1 75 55 0.551 0.579
APACHE Il >23 45 90 0.731 0.012
ANP >15.4 90 95 0.955  <0.001
~ |BNP >23.9 100 100 1.000  <0.001
2 cTni >0.03 65 85 0.764 0.004
O lcrp >5.6 80 65 0.774 0.003
APACHE Il >20 90 85 0.943  <0.001
ANP >9.8 100 95 0.998  <0.001
> |BNP >20.1 100 100 1.000  <0.001
= [cTni >0.03 85 95 0948  <0.001
S |crp >6.6 85 95 0.958  <0.001
APACHE Il >17 100 100 1.000  <0.001

APACHE Il Acute Physiology and Chronic Health Evaluation; AUC Area under
the curve; ANP Atrial natriuretic peptides, pg/mL; BNP Brain natriuretic pep-
tides, pg/mL; CRP C-reactive protein, mg/L; cTnl Cardiac troponin |, pg/L

DISCUSSION

We investigated the plasma levels of ANP, BNP, c¢Tnl and
CRP, as well as APACHE 1I scores, as a prognostic indicators
for survival in patients with sepsis. ANP, BNP and APACHE II
values of nonsurvivors were significantly higher than survivors
in all days (P<0.001 for all comparisons). On the second day
and last day, cTnl and CRP values were significantly higher in
nonsurvivors than survivors; however, there were no signifi-
cant differences on the first day. Except for ¢Tnl and CRP on
day 1, all of the parameters were significantly powerful to dis-
criminate nonsurvivors on all days. Among the five variables,
BNP was the most powerful diagnostic parameter for the pre-
diction of nonsurvivors on all days. APACHE 1I scores on the
last day had the same power of prediction.

Despite advances in therapy, sepsis causes more than
200,000 deaths per year in the United States, equalling the
number of patients dying from myocardial infarction (23).
Myocardial dysfunction is a common complication in patients
with severe sepsis, and early recognition and aggressive sup-
portive therapy are mandatory because mortality in patients
with septic shock is still high (24). The ambiguity of clinical
findings and unclear risk stratification in sepsis have been
major problems in sepsis intervention trials (25). Within this
context, there is a need for biomarkers to tackle the challenges
of sepsis monitoring and treatment (20).

Other biological markers have been used to detect myocar-
dial dysfunction in sepsis (27). Hartemink et al (28) measured
o-ANP, the C-terminal circulating immunoreactive ANP, in
14 patients with septic shock. They found high o-ANP plasma
levels in patients with high cardiac filling pressures. Mazul-
Sunko et al (29) showed that the N-terminal fragment of ANP
(pro-ANP) was increased in patients with sepsis and was
inversely correlated to myocardial performance. However, nei-
ther a-ANP nor pro-ANP had a prognostic value in these
studies. In 14 patients with septic shock, the mean plasma
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ANP level was fivefold higher than that in healthy subjects
(30). Hartemink et al (28) reported inverse correlations
between ANP and left ventricular stroke work index and right
ventricular stroke work index, and a positive relationship
between ANP and dopamine dose in 14 patients with septic
shock on day 1 in the ICU. In the study by Witthaut et al (31),
ANP values were found to be several-fold higher in patients
with septic shock than in control subjects. There was a good
correlation between ANP and interleukin-6, whereas ANP was
not significantly correlated with any hemodynamic parameter.
In our study, we found that ANP values of nonsurvivors were
significantly higher than survivors on all days (P<0.001 for all
comparisons).

Several studies (27,31-34) have addressed the questions
whether BNP is of prognostic value in patients with sepsis.
However, studies on the value of BNP testing in critically ill
patients revealed conflicting results in sepsis patients. In a
study (32) of patients with severe sepsis or septic shock, BNP
levels were markedly higher in patients with impaired systolic
left ventricular function than in those with preserved systolic
left ventricular function at days 1 to 4 during their ICU stay. In
addition, at days 2 and 3, BNP levels were higher in nonsurviv-
ors than in survivors. A prognostic impact of BNP with respect
to mortality was also found by Tung et al (34) in evaluating
BNP levels in 49 ICU patients with shock, mainly of noncar-
diac origin. In contrast, a more recent study (33) analyzing
78 patients who had been admitted consecutively to a general
ICU revealed a trend toward higher BNP levels in survivors
compared with nonsurvivors. When the analysis was restricted
to the patients with sepsis, who had higher BNP levels than
those without sepsis, the same trend was observed. Other stud-
ies (35,36) did not find any prognostic information using BNP
levels in critically ill patients. In addition, Berendes et al (37)
showed that plasma levels of natriuretic peptides were elevated
in patients admitted to the ICU after major surgery, but levels
of natriuretic peptides were not predictive of outcome. In our
study, we investigated ANP, BNP, cTnl, CRP and APACHE II
to determine cut-off values, predictive accuracies and AUCs.
We found that, among the five variables, BNP was the most
powerful predictor of nonsurvival on all days (AUC=1 in all
days).

Recently, several studies (38,39) have raised the question of
an unexpectedly high percentage of elevated troponin levels in
ICU patients without underlying coronary syndromes. The
mechanism and prognostic value of cTnl elevation in sepsis
and systemic inflammatory response syndrome are poorly
understood. Cytokines and endotoxins from Gram-negative
microorganisms may lead to myocardial depression and ventri-
cular dilation (40). In some patients, elevated cTnl levels may
indicate bacterial myocarditis or ischemic damage due to
extremely elevated O, consumption, reduced perfusion pres-
sure and decreased O, delivery to the cardiac muscle (41). A
recent report (42) has shown that tumour necrosis factor-
alpha increases the permeability of endothelial monolayers to
macromolecules and lower molecular weight solutes. It may be
speculated that similar alteration of permeability also occurs at
the level of myocyte cell membranes, thus leading to leakage of
cTnl. Elevated troponin levels have been shown to be related
to the severity of the disease as expressed by global scores such
as APACHE 1I score or simplified acute physiology score 1I
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(43,44), as well as short-term prognosis (42,45); the results of
these studies were very similar in concluding that elevated
troponin levels in patients with sepsis indicate a higher severity
of disease, the presence of myocardial dysfunction and a worse
prognosis. In our study, we found that ¢Tnl was a prognostic
factor for survival in patients with sepsis, except on admission
(ie, during the first 24 h) in ICU.

CRP is predominantly produced and secreted by hepato-
cytes, although other cells including alveolar macrophages may
also synthesize CRP (46). CRP is thought to represent a meas-
ure of cytokine-induced protein synthesis. The relatively short
half-life of approximately 19 h makes it a useful monitor for
follow-up of inflammatory response, infection and antibiotic
treatment. In addition, laboratory tests for CRP are easily
available and less costly than cytokine tests. In patients with
sepsis, Presterl et al (47) demonstrated a correlation among the
plasma levels of CRP, interleukin-6 and tumour necrosis
factor-sR, and the APACHE III and mortality probability
model II scores. Both scoring systems, as well as CRP levels,
were significantly higher in the nonsurvivors compared with
the survivors. In our study, we found CRP to be a prognostic
factor for survival in patients with sepsis, except on admission
(ie, during the first 24 h) in ICU.

The APACHE II score — a complex algorithm — was not
originally developed for individual outcome prediction in
sepsis patients (22). Despite its limitations, outcome predict-
ors such as the extensively evaluated APACHE II score are
helpful in identifying those septic patients who are at high
risk for death and who are more likely to benefit from inter-
vention (48).

CONCLUSIONS

Increased ANP, BNP, cTnl and CRP concentrations may be a
valuable addition to APACHE II scores to predict the risk of
death. Serial measurements of ANP, BNP, cTnl and CRP con-
centrations in critically ill patients may help to identify
patients who may require more aggressive diagnostic and thera-
peutic interventions to avoid complications. Among the five
variables, BNP had the most powerful diagnostic parameter to
predict nonsurvivors on all days. ANP, ¢Tnl, CRP and espe-
cially BNP concentrations may also be helpful in clinical trials,
to identify high-risk patients who would benefit from new
therapeutic interventions.
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