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Utility of brain natriuretic
peptide as prognostic marker
in community-acquired
pneumonia and chronic
obstructive pulmonary disease
exacerbation patients
presenting to the emergency
department
Utilità del peptide natriuretico cerebrale quale marker
prognostico in pazienti affetti da polmonite acquisita in
comunità e riacutizzazione di broncopneumopatia cronica
ostruttiva in pronto soccorso

Christian Leli
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n INTRODUCTION

B
rain natriuretic peptide (BNP) is a neuro-
hormone secreted by the heart in response
to myocardial stretch caused by volume

overload. It has been demonstrated to be a a
neurohumoral marker for left ventricular dys-
function and a potent prognostic marker in con-
gestive heart failure patients [1].
Community acquired pneumonia (CAP) is a
widespread disease, particularly in the elderly
population, frequently associated with sys-
temic inflammatory response syndrome (SIRS),
condition often evolving into septic shock, with
high morbidity and mortality [2-5]. Brain natri-
uretic peptide levels have been found signifi-
cantly elevated in sepsis, and in septic shock
patients [2, 3]. Myocardial dysfunction with re-
duced ejection fraction and biventricular dilata-
tion is frequent in severe sepsis and septic
shock and represents a neurohormonal stimula-
tion to synthesis of BNP because of increased
ventricular mechanical load. Brain natriuretic
peptide plasma concentration is therefore a re-
liable marker for identification of sepsis-in-
duced myocardial depression [2].
In patients affected by an infectious disease, but

without sepsis or shock, study results are still
controversial, and there are few studies evalu-
ating the potential diagnostic and prognostic
utility of BNP in CAP with SIRS and COPD ex-
acerbation patients in a setting such as the
Emergency Department (ED).
The aim of this study was to evaluate the utili-
ty of BNP in CAP with SIRS and COPD exacer-
bation patients, in an ED of a small general hos-
pital with clinical examination, laboratory and
chest x-ray as main diagnostic tools.

n PATIENTS AND METHODS

Patients
The population studied was composed by 56
Caucasian patients, 28 males and 28 females,
admitted to ED from May 2010 to April 2011 be-
cause of shortness of breath. Patients of both
genders, diagnosed as having CAP with SIRS,
COPD exacerbation and acute bronchitis, were
included in the study.
Exclusion criteria were history of heart failure,
clinical, radiological, or echocardiographic evi-
dence of heart failure, history of renal failure,
cirrhosis of liver, hypertensive heart disease,
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pregnancy, pulmonary hypertension, pul-
monary embolism, cystic fibrosis, active pul-
monary tuberculosis, hospital-acquired pneu-
monia, immunodepression.
The subjects were divided into three groups:
CAP with SIRS, COPD exacerbation, and acute
bronchitis. The latter used as controls because
of no known association with cardiac disfunc-
tion and as for asthma, BNP values in those pa-
tients are always within the range of normal [3].
All the CAP patients had a CURB-65 score ≥2
[3]. All the CAP patients and 6 COPD patients
were hospitalized in Internal Medicine ward af-
ter evaluation in ED. None of the acute bron-
chitis patients was hospitalized.
Primary outcome was to evaluate the difference
of mean BNP levels among groups; secondary
outcome was to find a possible relation between
BNP levels and the length of hospital stay.

Definition of COPD
Chronic obstructive pulmonary disease is de-
fined as a preventable and treatable disease
characterized by airflow limitation that is not
fully reversible. The airflow limitation is usual-
ly progressive and associated with an abnormal
inflammatory response of the lung to noxious
particles and gases. Chronic obstructive pul-
monary disease exacerbations are caused or
triggered by a variety of factors, including
viruses and bacteria and characterized by
cough, wheeze, increased dyspnea, sputum
volume, and sputum purulence [4].

Definition of CAP and SIRS
CAP was diagnosed by the presence of one or
several of the following recently acquired respi-
ratory signs or symptoms, cough, sputum pro-
duction, dyspnea, temperature >38.0°C, auscul-
tatory findings of abnormal breath sounds and
rales, white blood cell count >10.000 or <4000
cells/mm3 and an infiltrate on chest radiograph
[5]. That condition, when associated with tem-
perature <36°C; heart rate >90 beats per minute;
respiratory rate >20 breaths per minute or Pa-
CO2 <32 mmHg; white blood cell count >12,000
cells /mm3, can be defined as CAP with SIRS [6].

Definition of acute bronchitis
Acute bronchitis was diagnosed by the finding
of sputum production, dyspnea, wheezing,
chest pain, fever, hoarseness, malaise, rhonchi,
and prolonged expiration, no history of COPD
and absence of consolidation on chest radi-
ograph [7].

Clinical and biochemical investigations
Laboratory, hemodynamic, and physical para-
meters were determined at the admission in
ED. Hemodynamic measures recorded includ-
ed heart rate, systolic and diastolic arterial pres-
sure, body temperature, respiratory rate. Arter-
ial blood gas (ABG) was performed. Red blood
cell count, hemoglobin, hematocrit, platelet
count, white blood cell count, liver and renal
function, electrolytes, myoglobin, cardiac tro-
ponin I, D-dimer, high-sensitivity C-reactive
protein (Hs-CRP), erythrocyte sedimentation
rate (ESR), were also recorded.

BNP level measurement
Blood was collected into tubes containing potas-
sium EDTA (1 mg/ml blood), and immediately
brought to the laboratory for BNP assay with the
Triage® BNP Test (Biosite Diagnostics Inc., San
Diego, CA, U.S.A.). Triage® BNP Test is a fluo-
rescence immunoassay kit for the quantitative
determination of BNP in whole-blood and plas-
ma specimens by detecting a fluorescent signal
that reflects the amount of BNP in the sample by
means of murine BNP monoclonal antibodies
and BNP polyclonal antibodies labeled with a
fluorescent dye and immobilized on the solid
phase [8]. Working range of the BNP assay of
our laboratory was 5.0 to 5,000 pg/mL.

Statistical analysis
SPSS statistical package, release 13.0 (SPSS Inc.
Chicago, Ill) was used for all statistical analy-
ses. Continuous variables were tested to detect
substantial deviations from normality by com-
puting the Kolmogorov-Smirnov Z-score. Log-
arithmic transformation was used for those
variables that showed a non-normal distribu-
tion. Oneway ANOVA test and Tukey’s
posthoc test were used for multiple compar-
isons. Pearson’s or Spearman’s correlation coef-
ficients, as appropriate, examined the degree of
association between variables. Stepwise multi-
variate linear regression analysis was used to
test the independent relation of several vari-
ables to length of hospital stay. P<0.05 was con-
sidered statistically significant. Data are mean
(SD) for continuous variables, and count (%) for
categorical variables.

n RESULTS

Characteristics of the population studied
The population was composed by 56 subjects,
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of mean age 73 years. Half of the population
was composed by males. The ABG data were
consistent with a trend to hypercapnic hypox-
emia (mean arterial pCO2: 46.5±18 mmHg;
mean arterial pO2: 62.3±11.8 mmHg). The mean
BNP values were within the reference range
(77.9±72.2 pg/mL). None but few patients were

fasting at the moment of blood draw. The mean
values of creatinine, within reference range
(1.17±0.9 mg/dL), show a substantial pre-
served renal function. The elevated mean val-
ues of inflammation markers, (Hs-CRP: 5.2±7.1
mg/dL, ESR: 55.4±31.9 mm 1°h, D-dimer: 524.4
±428.4 ng/mL) highlight a general condition of

Table 1 - Demographic, clinical and laboratory characteristics of the three patients’groups.

Parameter Estimates

CAP COPD Acute bronchitis p
(n=22) (n=14) (n=20)

Median age (years) 81.5 (±10.4) 74.3 (±10.8) 66.7 (±15.8) 0.005*

Males 5 (36) 13 (59) 10 (50) -

Body temperature (°C) 37.2 (±0.6) 36.9 (±0.9) 36.2 (±0.2) NS

Heart rate (bpm) 98.5 (±17.4) 95.7 (±15.9) 84.4 (±19.9) NS

Respiratory rate (bpm) 23.5 (±5) 28.7 (±2.5) 18.2 (±2.7) NS

Systolic blood pressure (mmHg) 119.5 (±23.9) 141.2 (±26) 141.6 (±20) 0.05*

Diastolic blood pressure (mmHg) 75 (±10.7) 78.7 (±11.9) 81.1 (±11.8) NS

Pulse oximetry (%) 91.4 (±5.9) 89.7 (±11.4) 95.6 (±3.7) NS

pH 7.46 (±0.05) 7.39 (±0.06) 7.42 (±0.02) NS

Arterial PCO2 (mmHg) 41.1 (±11.6) 49.6 (±21.1) 39 (±1.5) NS

Arterial CO2 (mmHg) 52.3 (±8.3) 64.6 (±10.2) 94.4 (±2.6) 0.005*

BNP (pg/mL) 127.2 (±80.6) 75 (±75.9) 45.9 (±38.3) 0.003*

Plasma glucose (mg/dL) 164.4 (±78.4) 139 (±51.2) 150.5 (±94.3) NS

Blood Urea Nitrogen (mg/dL) 63.9 (±48.5) 53.9 (±44.5) 48.6 (±33.1) NS

Creatinine (mg/dL) 1.14 (±0.4) 1.34 (±1.5) 1.01 (±0.3) NS

Serum sodium (mEq/L) 141.1 (±11.7) 138.3 (±4.8) 137.6 (±2.8) NS

Serum potassium (mEq/L) 4.58 (±0.7) 4.42 (±0.5) 4.49 (±0.5) NS

Aspartate transaminase (UI/L) 33.5 (±38) 21.7 (±9.8) 24 (±8.5) NS

Alanine transaminase (UI/L) 39.7 (±41.7) 24.2 (±11.2) 24.3 (±8) NS

Creatine kinase (UI/L) 85.3 (±88.1) 99 (±63.3) 163 (±64.6) NS

Myoglobin (ng/mL) 156.3 (±228.8) 48.2 (±32.3) 37.8 (±12.4) NS

Cardiac troponin I (ng/mL) 0.03 (±0.005) 0.04 (±0.015) 0.01 (±0.002) NS

D-dimer (ng/mL) 790 (±387.3) 620.7 (±534.5) 203.8 (±136.9) 0.022*

HsCRP (mg/dL) 11.4 (±9.5) 3.4 (±3) 2.3 (±5.1) 0.002**

ESR (mm 1°h) 73.2 (±30) 60.1 (±38.9) 55.3 (±31.8) NS

Leukocytes (cells x 103/mm3) 13.6 (±5.7) 10.9 (±5.2) 9 (±2.9) 0.021*

Hemoglobin (g/dL) 13.3 (±1.5) 13.3 (±1.7) 13.7 (±1.3) NS

Hematocrit (%) 41.2 (±4.5) 40.5 (±5.5) 40.7 (±3.5) NS

Platelet count (cells x 103/mm3) 222.5 (±87.6) 244.8 (±99.2) 225.3 (±79.4) NS

Data are mean (SD) for continuous variables, and count (%) for categorical variables; NS: not significant. *Difference between CAP and
acute bronchitis patients; **difference between CAP and both COPD/acute bronchitis patients.
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inflammation, supported also by the number of
leukocytes (10.9±4.9 cells x 103/mm3).

Comparison of the groups
The comparison of the demographic, clinical
and laboratory characteristics, according to the
diagnosis are summarized in Table 1. The CAP
patients had significantly higher mean BNP
values, were older, and had mean lower values
of systolic blood pressure compared to acute
bronchitis patients. CAP patients were signifi-
cantly hypoxemic, compared to acute bronchi-
tis patients and showed mean higher white
blood cell count and mean higher values of D-
dimer. The mean values of Hs-CRP of CAP pa-
tients resulted significantly higher compared to
both COPD patients and acute bronchitis pa-
tients. No statistically significant differences
were found between males and females.

Correlation between BNP values, length of ho-
spital stay, and severity of the disease
Figure 1 shows the statistically significant posi-
tive correlation between BNP values of CAP
patients and length of hospital stay (r=0.404;
p=0.05). Mean CURB-65 score values were of
2.9 (±0.8). Brain natriuretic peptide values
showed a significant positive correlation with
CURB-65 score values (r=0.412; p=0.05). On the
other hand, CURB-65 score showed a positive
correlation with length of hospital stay, but not
statistically significant (r=0.284; p=0.128). No
significant correlation was found between BNP

values in COPD or acute bronchitis patients
and length of hospital stay.

Independent predictors of length of hospital stay
in CAP patients
A stepwise multivariate linear regression
analysis was performed including the variables
that showed correlation with length of hospital
stay: BNP (r=0.404; p=0.05), heart rate (r=0.387;
p=0.027), systolic blood pressure (r=-0.322;
p=0.022), pulse oximetry (r=-0.378; p=0.029), D-
dimer (r=0.493; p=0.018), HsCRP (r=0.555;
p=0.011), leukocytes (r=0.638; p=0.002). The on-
ly variable independently associated with
length of hospital stay was leukocytes (�=0.67,
p=0.05) (Table 2).

n DISCUSSION

Several studies demonstrated how BNP levels
rise significantly in patients affected by sepsis
[1, 8]. But in patients affected by an infectious
disease, without sepsis or shock, study results
are still controversial, indeed, if some authors

Table 2 - Independent determinants of length of ho-
spital stay in CAP patients.

Variable Standardized Multiple r P value
regression 
coefficient

Leukocytes 0.670 0.717 0.05

Figura 1 - Correlation between
BNP values and length of hospital
stay in CAP patients.
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found elevated BNP levels in microbial infec-
tions without sepsis, others did not find any
difference between patients having early sepsis
and controls [10, 11].
This study showed that mean BNP values are
significantly higher in CAP patients affected by
SIRS compared to patients affected by acute
bronchitis, and that BNP positively correlate
with the length of hospital stay. Similar results
have been found in other papers [11, 12].
On the other hand, in COPD patients, no statis-
tically significant difference was found about
mean BNP values compared to acute bronchitis
patients, nor correlation with length of hospital
stay. These results seem not to match with Stolz
D. et al., but 67% of their patients had relevant
comorbidities like coronary artery disease, hy-
pertensive heart disease, malignancy and BNP
values correlated with the Intensive Care Unit
(ICU) treatment and duration of hospital stay
for this subgroup, but failed to predict short-
term and long-term mortality rates [13].
In CAP patients of this study, the mean value of
CURB-65 score (2.9, with risk of death at 30
days of 17%) shows how the severity of disease
was moderate, and both CAP and COPD pa-
tients were free of major comorbidities. Indeed,
none of the CAP or COPD patients required
ICU treatment nor died during hospitalization.
Our results are consistent with Roca B. et al.
that found comorbidities as the main contribu-
tors to mortality among patients hospitalized
because of COPD exacerbation [14].
Although in CAP patients BNP values positively
correlated with length of hospital stay, they failed
to predict it. This finding could be explained by
the fact that BNP levels can be found elevated in
conditions like inflammation or infectious dis-
eases, sepsis, advanced age, anemia [2].
In this study, BNP levels, indeed, correlated
with age (r=0.469; p=0.001), pulse oximetry (r=-
0.423; p=0.02), HsCRP (r=0.320; p=0.03), red
blood cell count (r=-0.327; p=0.017), hemoglo-
bin (r=-0.441; p=0.001), hematocrit (r=-0.303;
p=0.027), mean corpuscular hemoglobin con-

centration (r=-0.368; p=0.07), leukocytes
(r=0.374; p=0.017). These data suggest how in
this population other factors influence the
severity of the disease, BNP levels, and eventu-
ally the length of hospital stay.
Although the mechanism of sepsis-induced
myocardial dysfunction is still not well under-
stood, the most probable reason of elevated
mean BNP levels in CAP patients with SIRS in
our study is that a hyperdynamic condition, in
an elderly subject, even if free of cardiomyopa-
thy, leads to an hemodynamical stress due to
contractility abnormalities. Therefore many fac-
tors, first of all inflammation, directly influence
the disregulation of BNP production [15].
The lack of statistical significance of CURB-65
score and length of hospital stay is explained by
the relatively small dimension of the sample.
Unfortunately, the limitations of this study are
the small number of patients, caused by the
limited availability of appropriate subjects free
of major diseases, and the lack of a follow-up
after discharge.

n CONCLUSIONS

The results of this study seem to confirm that
patients suffering from CAP with SIRS of medi-
um severity have increased mean BNP levels
compared to acute bronchitis patients, but this
parameter failed to predict the length of hospi-
tal stay. Therefore, in that typology of patients,
for prognostic purposes, BNP does not seem to
add any particular information to the severity
assessment scores already available. Further
studies are required to confirm that results.

Key words: community-acquired pneumonia, B-
type natriuretic peptide, BNP, sepsis, COPD.
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Brain natriuretic peptide (BNP) is a strong prog-
nostic predictor in congestive heart failure pa-
tients. Community-acquired pneumonia (CAP) is
frequently associated with systemic inflammatory

response syndrome (SIRS), evolving into septic
shock, with high mortality. The aim of this study
was to compare BNP mean values in CAP, chronic
obstructive pulmonary disease (COPD) exacerba-

SUMMARY
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L’ormone natriuretico di tipo B (BNP) è un predittore
prognostico indipendente in pazienti con scompenso
cardiaco. La polmonite di origine comunitaria (CAP) è
frequentemente associata alla sindrome da risposta in-
fiammatoria sistemica (SIRS), che può evolvere in
shock settico, con elevata mortalità. Scopo del presente
studio è stato quello di valutare differenze nei valori
medi di BNP in pazienti affetti da CAP, broncopneu-
mopatia cronica ostruttiva (BPCO) riacutizzata, e
bronchite acuta, e loro eventuale correlazione con la du-
rata del ricovero. Il campione era composto da 56 pa-
zienti, 28 uomini e 28 donne, valutati in Pronto Soc-
corso da Maggio 2010 ad Aprile 2011 per dispnea. Nei

pazienti CAP i valori medi di BNP sono risultati si-
gnificativamente più elevati rispetto a quelli affetti da
bronchite acuta (127,2±80,6 vs 45,9±38,3 pg/mL;
p=0,003). Una correlazione positiva significativa è
emersa tra BNP e durata del ricovero (r=0,404;
p=0,05). Una analisi multivariata ha evidenziato i leu-
cociti come unico predittore indipendente della durata
del ricovero (β=0,67; p=0,05). I risultati dello studio
suggeriscono che pazienti affetti da CAP con SIRS
hanno livelli di BNP significativamente superiori ri-
spetto ai pazienti affetti da bronchite, ma che tali valo-
ri non rappresentano un predittore indipendente della
durata del ricovero.

RIASSUNTO

tion, and acute bronchitis patients, and to evaluate
the correlation of BNP values with length of hospi-
tal stay. In all, we analysed 56 patients (28 males
and 28 females) admitted to our Emergency De-
partment from May 2010 to April 2011 because of
dyspnea. The CAP patients had significantly high-
er mean BNP values in comparison to acute bron-
chitis patients (127.2±80.6 vs 45.9±38.3 pg/mL;
p=0.003), and a significantly positive correlation

was found between their BNP values and length of
hospital stay (r=0.404; p=0.05). A stepwise multi-
variate linear regression analysis model showed
white blood cell count as the only independent
predictor of length of hospital stay (r=0.67,
p=0.05). The results suggest that CAP patients
with SIRS have increased mean BNP levels com-
pared to acute bronchitis patients, but this para-
meter failed to predict the length of hospital stay.


