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B-type natriuretic peptide (BNP) is a 32-
amino acid polypeptide secreted by the cardiac
ventricles in response to volume and pressure
overload. BNP exhibits vasodilatory and natri-
uretic effects and counterbalances the deleterious
effects of the renin-angiotensin-system in heart
failure [1]. BNP as marker of left ventricular (LV)
wall stretch and consecutive neurohumoral activa-
tion has emerged as a widely used tool in the diag-
nosis and exclusion of congestive heart failure
(CHF) [1, 2]. Less is known about natriuretic pep-
tides in sepsis and acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS). Elevated
A-type natriuretic peptide (formerly atrial natri-

uretic peptide, ANP) levels have been found in pa-
tients with sepsis [3] and ALI/ARDS [4, 5] and
have been associated with sepsis-induced myocar-
dial depression [3] and severity of ARDS [4],
whereas only one study demonstrated elevated
BNP levels in patients with ARDS [5]. These BNP
values were moderately high and have been shown
to correlate with pulmonary and systemic vascular
resistance, but not with the partial pressure of ar-
terial oxygen (paO2) or the ratio of the partial pres-
sure of arterial oxygen to the fraction of inspired
oxygen (paO2/FiO2) [5]. We report very high BNP
levels in a young patient with ARDS. 

Background: B-type natriuretic peptide (BNP)
has been proven to be a biochemical marker of
severity of congestive heart failure. We are aware
of only few papers reporting the association of
BNP elevation and pulmonary hypertension (pri-
mary, thromboembolic, or as a consequence of
chronic obstructive pulmonary disease). Less is
known about BNP in patients with acute respira-
tory distress syndrome (ARDS). 

Case description and results: We present the case
of a previously healthy 27-year-old man with para-
pneumonic ARDS and an extraordinarily in-
creased BNP level. The ventricular systolic ejec-
tion fraction assessed echocardiographically was
normal with no evidence of left ventricular dias-
tolic dysfunction. However, a peak BNP level of
>1300 pg/mL (normal <100 pg/mL) was recorded.

Repeated BNP values were obtained on nine sep-
arate days over a period of 3 weeks of mechanical
ventilation. With the respiratory improvement
following the inhalation of nitric oxide BNP lev-
els decreased to 113 pg/mL. The possible patho-
physiological mechanisms of BNP release are dis-
cussed.

Conclusion: There is evidence for BNP eleva-
tion in the absence left ventricular dysfunction.
This case is an example of impressively high BNP
levels associated with ARDS, probably attributa-
ble to right ventricular overload due to increased
pulmonary vascular resistance. 
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Summary

Introduction

Case report

A 27-year-old previously healthy man without car-
diovascular risk factors was admitted to our intensive care
unit because of acute respiratory decompensation. Chest

x-ray showed bilateral pulmonary infiltrates and left-sided
pleural effusion. Intravenous antibiotic treatment with
clarithromycin 500 mg q12h, amoxicillin-clavulanate 



2.2 g q8h and doxycycline 100 mg q12h was instituted. 
A bronchial secretion specimen revealed b-haemolytic
group B streptococci, susceptible to all the currently used
antibiotics. Pleurocentesis was consistent with parapneu-
monic effusion. Within hours the chest x-ray showed ex-
tensive bilateral alveolar opacities, and the patient had to
be intubated and mechanically ventilated (figure 1). After
48 hours of intubation (in the subsequent text “day” refers
to the “day of intubation”) the maximal fraction of inspired
oxygen (FiO2 1.0) was necessary and respiratory acidosis
occurred. The antibiotic regimen was replaced by clari-
thromycin 500 mg q12h and piperacillin-tazobactam 4.5
g q8h. Transthoracic echocardiography revealed a normal
sized, non-hypertrophic left ventricle (left ventricular
muscle mass index 64 g/m2) the ejection fraction being
70%. The transmitral inflow pattern was normal (ratio of
early peak flow velocity to atrial peak flow velocity (E/A
ratio) 1.5, deceleration time 200 ms). The right ventricle
was not dilated, and right ventricular (RV) ejection frac-

tion was normal. No tricuspid regurgitation could be de-
tected. There was a small pericardial effusion (day 2). The
following criteria for ARDS were fulfilled: 1) acute onset,
2) bilateral infiltrates on chest radiography, 3) absence of
clinical or echocardiographic evidence of left atrial hyper-
tension, and 4) paO2/FiO2 of 200 or less [6]. Laboratory
analyses showed normal cardiac troponin I levels, but a
markedly elevated BNP level (1110 pg/mL, Biosite Diag-
nostics, San Diego, California), which was even higher
(>1300 pg/mL) the following day. 

On the fifth day treatment with inhaled nitric oxide
(iNO) was instituted (5 to 25 ppm). From the 4th to the
19th day respiratory tidal volumes were between 4.8 and
6.4 mL/kg body weight with a respiratory rate between 
28 to 31 cycles/min, and PEEP was between 5 and 12 cm
H2O. Methylprednisolone in a dosage of 125 mg (2 mg/kg
body weight) q24h was given from day 8 to day 16 and 
was then reduced to 80 mg q 24h. Minimal paO2/FiO2 was
57 mm Hg (day 7), maximal pCO2 was 88 mm Hg (day 8),
minimal pH was 7.21 (day 8), and maximal lactate was 
1.7 mmol/L. 

Table 1 demonstrates BNP levels during mechanical
ventilation. Figure 2 summarises important clinical and
laboratory variables (values assessed and blood samples
taken between 6 and 8 a.m. of each day). Pulmonary re-
covery went parallel with a massive reduction of BNP lev-
els from >1300 pg/mL to 113 pg/mL (days 3 to 14). Apart
from norepinephrine up to a maximal dosage of 20 mcg/
min from day 1 to 4 for sustained hypotension despite
adequate administration of fluids, no additional therapy
with inotropic agents, systemic vasodilators or diuretics
was required to stabilise haemodynamics and to main-
tain diuresis. Mean arterial pressure was not higher than
70 mm Hg during the first week. Creatinine did not ex-
ceed a level of 100 mcmol/L during hospitalisation. After
21 days of mechanical ventilation our patient could be ex-
tubated. Five days later BNP was 23 pg/mL. 
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Figure 1

Chest radiograph
showing extensive
bilateral alveolar
opacities.

Figure 2

Time course of BNP,
oxygenation, and
haemodynamics.
Note that the left-
sided scale (until
1500) concerns BNP
levels, whereas the
right-sided scale
(until 400) concerns
the other three vari-
ables. Treatment with
iNO and methylpred-
nisolone are indi-
cated.
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Pressure or volume overload of both ventricles
due to different underlying conditions induces
BNP release. Left ventricular systolic dysfunction
[1, 2] as well as LV diastolic dysfunction [7] are well
known conditions associated with BNP secretion.
Patients with LV systolic dysfunction have higher
BNP levels than those with isolated LV diastolic
dysfunction in most cases. However, there is a con-
siderable overlap between the two groups [8]. Lev-
els higher than 1000 pg/ml usually are observed in
patients with systolic left ventricular pump failure
[1, 2]. Beyond LV dysfunction, there are reports of
volume and pressure overload of the right ventri-
cle leading to slightly to moderately elevated BNP
levels [9]. BNP levels secreted by the right ven-
tricular (RV) myocardium are said not to exceed
300–600 pg/mL [2] and not to be as high as in cases
of elevated LV end-diastolic pressure [1, 2]. Acute
cor pulmonale as a consequence of increased pul-
monary vascular resistance (PVR) is known to
occur in 60% of patients with ARDS submitted to
conventional mechanical ventilation without air-
way pressure limitation [10] and still in 25% of pa-
tients with ARDS submitted to protective ventila-
tory support [10], which might cause BNP eleva-
tion as it does chronic RV pressure overload [9]. 

In patients with sepsis, biventricular dilatation
and depression of ventricular ejection fraction as a
consequence of not precisely known mediators can
occur [11]. Decreased peripheral resistance results
in reduced LV afterload and therefore sometimes
allows maintaining or even elevating cardiac out-
put despite the presence of depressed LV contrac-
tility. In contrast, PVR in sepsis and ARDS in-
creases and may lead to RV overload and decreased
RV output in the presence of impaired RV con-
tractility [11]. This reversible phenomenon of
sepsis-induced cardiac depression usually lasts for
about 7 to 10 days and is detectable by echocar-
diography [11]. Despite the absence of common
risk factors for the development of LV diastolic
dysfunction including hypertension, older age and
female gender [12] isolated diastolic dysfunction

may occur even in young patients with septic shock
[13]. However, regarding the high normal LV ejec-
tion fraction and the normal mitral inflow pattern
neither systolic nor diastolic left ventricular dys-
function may have caused the massive BNP release
in the case presented here. Recently, elevated BNP
levels in patients with septic shock were shown to
be inversely correlated with the cardiac index [14].
Preserved diuresis and haemodynamic stability
without positive inotropic drugs or diuretics as
well as the echocardiographic finding of a high
normal LV ejection fraction let us assume that our
patient was not suffering from low cardiac output.
Additionally, our patient had repeatedly normal
levels of cardiac troponin I, which is an argument
against myocardial damage during hospitalisation
even during the time of BNP elevation. Troponin
I is known as a marker of depressed LV ejection
fraction and a poor prognosis in critically ill pa-
tients without acute coronary syndromes [15].
Norepinephrine is a predominantly a-receptor ag-
onist with systemic and pulmonary vasoconstric-
tor properties [16]. Its use during the first four days
might have caused an increase in LV afterload
causing BNP release. But the fact that mean arte-
rial pressure did not exceed 70 mm Hg in response
to norepinephrine administration with an absence
of signs of impaired cardiac output, speaks against
a massive increase in systemic vascular resistance
leading to maximal BNP release. On the other
hand, we suggest that acute cor pulmonale due to
hypoxic vasoconstriction in ARDS [10, 16] and a
further increase in PVR due to norepinephrine 
infusion [16] might have caused BNP elevation.
Echocardiographic signs of RV overload, eg, RV
dilatation, may be absent, particularly if PEEP is
used and causes relative hypovolaemia by reducing
of venous return [17]. Treatment with iNO can im-
prove oxygenation and reduce PVR in a subgroup
of patient with ARDS (responders) by its local
vasodilatatory effects on preconstricted vessels in
ventilated regions of the lung thereby reducing in-
trapulmonary shunting [16]. We assume that the
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Discussion

Intubation BNP pO2/FiO2 PEEP CVP MAP HR CRP Creatinine Troponin I 
day (pg/mL) (mm Hg) (cm H2O) (cm H2O) (mm Hg) (bpm) (mg/L) (mcmol/L) (mcg/L)

2 1110 97 6 10 58 110 216 72 <0.3

3 >1300 70 10 15 58 95 299 81 <0.3

7 1280 57 10 11 57 90 219 95

8 577 71 12 8 65 95 213 100

9 822 81 12 11 68 85 189 100

10 488 113 12 21 98 80 80 82 <0.3

11 396 98 12 20 90 75 36 73

12 304 114 10 17 98 85 21 66

14 113 156 8 12 93 80 26 63

Table 1

B-type natriuretic
peptide (BNP) levels
on nine different
days while the pa-
tient was intubated
and corresponding
clinical and labora-
tory variables. 
PO2 = partial pressure
of arterial oxygen;
FiO2 = fraction of in-
spired oxygen; PEEP
= positive end-expira-
tory pressure; CVP =
central venous pres-
sure; MAP = mean 
arterial pressure; HR
= heart rate; 
CRP = C-reactive
protein.



very high BNP levels and their rapid decline
mainly reflect RV overload and relief from over-
load respectively. The transient worsening of oxy-
genation on day 15 might correspond to a rebound
effect after iNO therapy had been stopped. Since
echocardiographic signs of RV overload were not
present and pulmonary hypertension could not be
assessed while tricuspid regurgitation was absent,
we can not absolutely exclude BNP release due to
other mechanisms than myocardial overload.
There is evidence that BNP elevation in critically
ill patients occurs at least in part independently of
RV or LV overload, especially in patients with
acute pathologies of the central nervous system,
eg, subarachnoid haemorrhage [18, own observa-
tions]. BNP is cleared from plasma by two distinct
mechanisms: natriuretic peptide receptor C-medi-
ated endocytosis and degradation by membrane-
bound neutral endopeptidase 24.11. The normal
half life is 18–22 minutes [1]. Increased BNP re-
lease due to neurohumoral activation other than
myocyte stretch or impaired BNP clearance may
occur in patients with septic shock and may explain
the plasma levels presented here. Data on the in-
fluence of glucocorticoids on plasma levels of na-
triuretic peptides are based on experimental stud-
ies with controversial findings. Dexamethasone

seems to up-regulate ANP genes in rat ventricular
myocytes [19], but also enhances concentrations of
neutral endopeptidase 24.11 in human vascular
smooth muscle cells [20], which in turn favours
degradation of natriuretic peptides. The effect of
methylprednisolone administration on BNP levels
in our patient therefore remains speculative.

In conclusion, even very high BNP levels in
critically ill patients do not exclusively implicate
left-sided heart failure in all cases, but might re-
flect RV overload due to increased PVR in severe
pulmonary disease or changes in BNP release and
clearance not directly related to myocardial
stretch. The widespread use of BNP testing and
prospective clinical studies with the use of pul-
monary artery catheters probably will further clar-
ify the impact of BNP testing in critically ill pa-
tients.
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