
Intensive Care Med (2007) 33:1183–1186
DOI 10.1007/s00134-007-0627-x BRIEF REPORT

Hafid Ait-Oufella
Pierre-Louis Tharaux
Jean-Luc Baudel
Sophie Vandermeersch
Pascal Meyer
Marc Tonnellier
Jean-Claude Dussaule
Bertrand Guidet
Georges Offenstadt
Eric Maury

Variation in natriuretic peptides and mitral
flow indexes during successful ventilatory
weaning: a preliminary study

Received: 12 June 2006
Accepted: 12 March 2007
Published online: 3 April 2007
© Springer-Verlag 2007

No author has any conflict of interest in this
study.

H. Ait-Oufella · J.-L. Baudel · P. Meyer ·
M. Tonnellier · B. Guidet · G. Offenstadt ·
E. Maury (�)
Hôpital Saint-Antoine, Assistance
Publique-Hôpitaux de Paris, Réanimation
Médicale,
184 rue du Faubourg Saint Antoine, 75571
Paris Cedex 12, France
e-mail: eric.maury@sat.ap-hop-paris.fr
Tel.: +33-1-49282318
Fax: +33-1-49282145

P.-L. Tharaux · S. Vandermeersch ·
J.-C. Dussaule
INSERM U 702, Hôpital Tenon,
4 rue de la Chine, 75020 Paris, France

B. Guidet · G. Offenstadt · E. Maury
Université Pierre et Marie Curie-Paris 6,
UMR S 707, 75012 Paris, France

Abstract Objective: To assess the
cardiac consequences of success-
ful respiratory weaning using the
variations of circulating B-type and
atrial natriuretic peptides (BNP, ANP)
and Doppler mitral flow. Design:
A prospective preliminary obser-
vational study. Setting: A 14-bed
medical ICU in a French univer-
sity hospital. Patients: Thirty-one
patients undergoing a spontaneous
breathing trial on a T-tube. Inter-
ventions: Circulating BNP and ANP
levels and Doppler-derived E/A ratio
and deceleration time of the E wave
were measured before and 1 h after
disconnection. Results: BNP levels
increased from 299 pg/ml (range
56–1079) to 412 pg/ml (147–1324)
(p = 0.02) in patients with systolic
left ventricular dysfunction, de-
creased from 98 pg/ml (25–337)
to 45 pg/ml (38–180) (p = 0.04) in
patients with right ventricular di-
lation and remained unchanged in

patients with neither of these car-
diac abnormalities. Overall ANP
levels increased from 33 pg/ml to
67 pg/ml (p < 0.001) regardless of
ventricular function. The E/A ratio
increased from 0.91 (0.66–3.56) to
1.17 (0.5–4.76), (p = 0.01), after
disconnection, whereas deceler-
ation time of E wave decreased
from 185 ms (120–280) to 160 ms
(70–206) (p = 0.02). Conclusion:
During successful weaning from
mechanical ventilation ANP levels
increase in all patients whereas
changes in BNP levels depend on
underlying cardiac function. Changes
in Doppler mitral flow indexes follow-
ing ventilator disconnection suggest
an increase in left-ventricular filling
pressure.

Keywords Weaning · Mechanical
ventilation · Brain natriuretic pep-
tide · Atrial natriuretic peptide ·
Echocardiography · Mitral Doppler

Introduction
Weaning from mechanical ventilation markedly modifies
cardio-pulmonary interactions [1–3]. It increases venous
return and left-ventricular preload and afterload [1, 3].
This left-ventricular afterload increment increases the
myocardial wall stretch. Brain natriuretic peptide (BNP)
and atrial natriuretic peptide (ANP) are secreted by
myocytes in response to ventricular and atrial wall stretch
respectively [4–7]. Changes in left-ventricular filling
pressure can be assessed by mitral flow, which correlates

to end-diastolic left-ventricular pressure [8]. We sought to
assess the changes in natriuretic peptides and Doppler mi-
tral flow following successful respiratory weaning in ICU
patients.

Patients and methods
This preliminary observational study was conducted from
July 2003 to November 2004 in a 14-bed medical ICU in
a 780-bed hospital. The local institutional review board
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waived the need for written informed consent. All the pa-
tients gave their oral informed consent before entering the
study.

Consecutive patients recovering from respiratory fail-
ure in need of mechanical ventilation were eligible if they
fulfilled weaning criteria [9]. The spontaneous breathing
trials (SBTs) were performed in a semi-recumbent position
with supplemental oxygen and a T-tube device. Patients
were ineligible if they had no arterial catheter, if they had
arrhythmia and if apical four-chamber view or mitral flow
analysis were impossible.

Bedside monitoring

Arterial blood gases and plateau pressure were measured
just before disconnection (T0). Heart rate, respiratory rate,
blood pressure, pulsed oximetry and consciousness were
closely monitored during SBTs. In the event of poor toler-
ance, the patient was immediately reconnected to the venti-
lator. Arterial blood gases were measured after 1 h of spon-
taneous breathing (T1).

Given published data relative to the kinetics of circulat-
ing BNP [4, 10], we studied only patients able to tolerate
1 h of spontaneous breathing.

Bedside Doppler echocardiography

Echocardiography was performed at T0 and at T1. It in-
cluded two-dimensional examination, visual assessment of
left-ventricular ejection fraction and right-to-left-ventricle
end-diastolic area ratio in the four-chamber view, as
well as pulsed-wave Doppler analysis of mitral inflow
with measurement of E and A waves, maximal velocities
and the E wave deceleration time (DTE) [7]. During
mechanical ventilation, E and A waves were measured
during the very beginning of insufflation. During SBTs,
measurements were performed at the very beginning of
inspiration. The mean of five consecutive measurements
was calculated.

Patients were considered to have left-ventricular
systolic dysfunction when the visually assessed left-
ventricular ejection fraction was less than 50% and
right-ventricular dilation when the right-to-left-ventricle
end-diastolic area ratio in the four-chamber view was more
than 0.6. Normal heart was defined by absence of both
these criteria and the absence of relevant valvulopathy.
Patients with biventricular dysfunction were excluded
from the study.

BNP and ANP measurement

At T0 and T1, 5 ml of arterial blood was collected in
tubes containing potassium ethylenediamine tetraacetic

acid and was immediately centrifuged (190 g for 10 min
at 4 °C). The plasma was immediately cooled to –20 °C
and stored at –80 °C as soon as possible. Plasma ANP
and BNP were determined in duplicate by means of
radio immunoassays (S-1131 and S-2017, respectively;
Peninsula Laboratories–Bachem, UK), as recommended
by the manufacturer.

Statistical analysis

Results are expressed as medians and ranges. The effect of
weaning was assessed using the Wilcoxon paired test, the
Mann–Whitney test and the Kruskal–Wallis test, as appro-
priate. Correlations were identified using Spearman’s test.
Statistical significance was set at p < 0.05.

Results
Sixty-eight patients were considered for the study. Doppler
mitral evaluation was impossible in 27 patients at T1.
Seven other patients were excluded for biventricular
dysfunction and three for paroxysmal supraventricular
tachycardia during the spontaneous breathing trial, imped-
ing Doppler analysis. The remaining 31 patients [24 men;
mean age 54 years (18–87); SAPS II 46 (22–102); duration
of mechanical ventilation 3 days (1–30)] were investigated
during a total of 33 successful SBTs. Echocardiography
showed left-ventricular dysfunction in 8 patients, right-
ventricular dilation in 9 patients, and neither of these two
abnormalities in 14 patients.

Bedside findings

Median plateau pressure was 20 cmH2O. Systolic
blood pressure increased from 130 mmHg (91–184)
to 140 mmHg (99–199) (p < 0.01). Heart rate was not
modified by disconnection: 90/min (66–117) at T0 and
92/min (54–127) at T1 (p = 0.5). Respiratory rate (cy-
cles/min) increased slightly from 18 (12–27) to 20 (11–31)
(p = 0.05). No significant change in PaO2, PaCO2 and
pH were noticed. All but two patients were extubated
at the end of the trial. These two patients were kept
ventilated because they were considered at high risk of
post-extubation stridor, received intravenous steroids and
were easily extubated 24 h later.

BNP and ANP kinetics

BNP and ANP values at T0 and T1 and according to un-
derlying cardiac function are described in Table 1. At T1,
the overall median BNP value was not different from the
baseline value. However, whereas the median BNP value
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All patients Neither LVD nor RVD LVD RVD

BNP T0 73 (1–1079) 13 (1–74) 299 (56–1079)# 98 (25–337)#¶
BNP T1 47 (6–1324) 22 (6–127) 412 (147–1324)*# 45 (38–180)*#¶

ANP T0 33 (5–737) 10 (5–324) 174 (122–737)# 18 (13–250)#¶
ANP T1 67 (13–965)* 29 (13–800)* 225 (35–965)*# 37 (13–780)*#¶

LVD, left-ventricular dysfunction; RVD, right-ventricular dilation
* p < 0.05 compared with T0 (Wilcoxon paired test)
# p < 0.05 compared with neither LVD nor RVD (Mann–Whitney test)
¶ p < 0.05 compared with LVD and neither LVD nor RVD (Mann–Whitney test)

Table 1 BNP and ANP levels
(pg/ml) before (T0) and 1 h after
(T1) disconnection from the
ventilator

All patients Neither LVD nor RVD LVD RVD

E/A ratio T0 0.91 (0.66–3.56) 1.06 (0.73–1.5) 1.9 (0.6–3.5) 0.98 (0.69–1.6)
E/A ratio T1 1.17 (0.50–4.76)* 1.22 (0.91–1.7)* 2.4 (0.83–4.7)*#¶ 1.45 (0.72–1.82)*

DTE T0 185 (120–280) 170 (140–280) 190 (140–260) 160 (120–230)
DTE T1 160 (70–206)* 150 (115–190) 155 (70–170)*# 145 (110–206)

LVD, left-ventricular dysfunction; RVD, right-ventricular dilation
* p < 0.05 compared with T0 (Wilcoxon paired test)
# p < 0.05 compared with neither LVD nor RVD (Mann–Whitney test)
¶ p < 0.05 compared with LVD and neither LVD nor RVD (Mann–Whitney test)

Table 2 E/A ratio and DTE
levels before (T0) and 1 h after
(T1) disconnection from the
ventilator

did not change in patients with a normal ventricular func-
tion, it decreased in patients with right-ventricular dilation
(p < 0.04) and increased in patients with left-ventricular
dysfunction (p < 0.02) (Table 1). ANP increased signifi-
cantly in all patients whatever the cardiac function. ANP
and BNP levels correlated at T0 (rho = 0.72, p = 0.006) but
not at T1 (rho = 0.325, p = 0.08).

Mitral flow

The three investigators performed five measurements in 12
ventilated patients. With regard to E waves, intra-observer
and inter-observer variability was 7 ± 4% and 8 ± 5%
respectively. For A waves, the intra-observer and inter-
observer variability was 8 ± 7% and 8 ± 6% respectively.
The intra-observer and inter-observer variability for DTE
was 9 ± 5% and 7 ± 4% respectively.

The E/A ratio and DTE changes are shown in
Table 2. The E/A ratio increased from 0.91 (0.66–3.56)
to 1.17 (0.50–4.76) (p = 0.01). The DTE was 185 ms
(120–280 ms) at T0, and decreased to 160 ms (70–206 ms)
at T1 (p = 0.02). No relevant mitral insufficiency occurred
at T1.

Discussion
The aim of this preliminary study was to assess non-
invasively the cardiac consequences of successful weaning
from mechanical ventilation.

At T0, patients with ventricular abnormalities had
higher BNP levels than patients without left-ventricular
dysfunction or right-ventricular dilation. Interestingly,
we found that BNP levels were higher in the case of
left-ventricular than in right-ventricular abnormalities.
This is in agreement with previous studies documenting
increased BNP levels in right-ventricular failure but to
a lesser extent than in left-ventricular disease [11, 12].
Among patients with left-ventricular dysfunction, dis-
connection increased BNP levels suggesting a raise in
ventricular wall stretch. The left-ventricular afterload and
preload increase following weaning and could account
for this BNP increase. Conversely, the decrease in BNP
levels observed in patients with right-ventricular dilation
suggests a decrease in right-ventricular constraint. This
could be explained by the documented deleterious effect
of mechanical ventilation on the right ventricle [13, 14].

We observed that ANP level at T0 was higher in pa-
tients with ventricular abnormalities than in patients with
neither left-ventricular dysfunction nor right-ventricular
dilation. Interestingly, ANP levels increased after discon-
nection in every patient, suggesting an increase in the
atrial wall stretch reflecting the augmentation of venous
return.

We observed a correlation between ANP and BNP be-
fore but not after weaning. This discrepancy could be due
to a slower kinetics of BNP. However, recent studies re-
vealed BNP secretion to occur less than 8 min after stim-
ulation [15, 16]. Moreover, the fact that we observed BNP
increase 1 h after disconnection suggests that BNP secre-
tion can be detected at least 1 h after stimulation.
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We observed subtle changes in Doppler mitral indexes
during weaning. The E/A ratio and DTE have been demon-
strated to correlate with left-ventricular filling pressure [8].
The E/A ratio increase and the DTE decrease observed af-
ter disconnection suggests, therefore, an increase in left
filling pressure.

The present study has several limitations. First, the
population studied is small and our results have to be
confirmed in a larger population. Second, the design of
the study focused on patients able to tolerate 1 h of SBT.
Similar investigations among patients failing SBT remain
to be performed. Third, E/A ratio depends on several
parameters such as heart rate and compliance, not only
on left-ventricular filling pressure. Recent indexes have
emerged as accurate indicators of left-ventricular filling
pressure (i.e. E/Ea ratio and color-M mode). However,
these indexes have been validated mostly in non-ventilated
patients; their contribution to the assessment of cardiac
consequences of weaning has still to be confirmed.

Fourth, whereas mitral flow measurement has to be done
at the end of expiration, we measured mitral indexes
at the very beginning of insufflation, when the effect
of positive pressure is the most important. We focused
more on the variation of mitral flow induced by the
shift from positive pressure to spontaneous ventilation
than on the absolute values of mitral flow indexes. Fifth,
our data could be strengthened by the measurement of
other distension indexes such as atrial and ventricular
areas.

Conclusions

Successful weaning from mechanical ventilation is associ-
ated with an ANP level increase, whereas BNP level varia-
tion depends on underlying cardiac abnormalities. Doppler
mitral flow analysis using E/A ratio and DTE suggest an
increase in the left-ventricular filling pressure.

References

1. Lemaire F, Teboul JL, Cinotti L,
Giotto G, Abrouk F, Steg G, Macquin-
Mavier I, Zapol WM (1988) Acute
left ventricular dysfunction during
unsuccessful weaning from mechanical
ventilation. Anesthesiology 69:171–179

2. Jubran A, Mathru M, Dries D, Tobin MJ
(1998) Continuous recordings of mixed
venous oxygen saturation during wean-
ing from mechanical ventilation and the
ramifications thereof. Am J Respir Crit
Care Med 158:1763–176

3. Richard C, Teboul JL, Archambaud F,
Hebert JL, Michaut P, Auzepy P (1994)
Left ventricular function during wean-
ing of patients with chronic obstructive
pulmonary disease. Intensive Care Med
20:181–186

4. Cauliez B, Berthe MC,
Lavoinne A (2005)Le BNP: aspects
physiologiques, biologiques et
cliniques. Ann Biol Clin 63:15–25

5. Dokainish H, Zoghbi WA, Lakkis NM,
Quinones MA, Nagueh SF (2004)
Comparative accuracy of B-type na-
triuretic peptide and tissue Doppler
echocardiography in the diagnosis of
congestive heart failure. Am J Cardiol
93:1130–1135

6. Yoshimura M, Yasue H, Okumura K,
Ogawa H, Jougasaki M, Mukoyama M,
Nakao K, Imura H (1993) Different
secretion patterns of atrial natriuretic
peptide and brain natriuretic peptide in
patients with congestive heart failure.
Circulation 87:464–469

7. Logeart D, Saudubray C, Beyne P,
Thabut G, Ennezat PV, Chavelas C,
Zanker C, Bouvier E, Cohen So-
lal A (2002) Comparative value of
Doppler echocardiography and B-type
natriuretic peptide assay in the etiologic
diagnosis of acute dyspnea. J Am Coll
Cardiol 40:1794–1800

8. Boussuges A, Blanc P, Molenat F,
Burnet H, Habib G, Sainty JM (2002).
Evaluation of left ventricular filling
pressure by transthoracic Doppler
echocardiography in the intensive care
unit. Crit Care Med 30:362–367

9. Richard C, Beydon L, Cantagrel S,
Cuvelier A, Fauroux B, Garo B,
Holzapfel L, Lesieur O, Levraut J,
Maury E, Polet C, Roche N, Roesler J
(2001) Sevrage de la ventilation mé-
canique (à l’exclusion du nouveau-né
et de la salle de réveil). Réanimation
10:699–705

10. Magga J, Vuolteenaho O, Tokola H,
Marttila M, Ruskoaho H (1997)
Involvement of transcriptional and post-
transcriptional mechanisms in cardiac
overload-induced increase of B-type
natriuretic peptide gene expression.
Circ Res 81:694–702

11. Thabut G, Logeart D (2003) Utility of
brain natriuretic peptide to predict right
ventricular dysfunction and clinical out-
come in patients with acute pulmonary
embolism. Circulation 108:94–95

12. Kucher N, Printzen G, Goldhaber SZ
(2003) Prognostic role of brain na-
triuretic peptide in acute pulmonary
embolism. Circulation 107:2545–2547

13. Jardin F (2004) Cyclic changes in
arterial pressure during mechani-
cal ventilation. Intensive Care Med
30:1047–1050

14. Jardin F, Vieillard-Baron A (2003)
Right ventricular function and positive
pressure ventilation in clinical prac-
tice: from hemodynamic subsets to
respirator settings. Intensive Care Med
29:1426–1434

15. Asada J, Tsuji H, Iwasaka T,
Thomas JD, Lauer MS (2004) Useful-
ness of plasma brain natriuretic peptide
levels in predicting dobutamine-induced
myocardial ischemia. Am J Cardiol
93:702–704

16. Sabatine MS. Morrow DA, de
Lemos JA, Omland T, Desai MY,
Tanasijevic M, Hall C, McCabe CH,
Braunwald E (2004) Acute changes in
circulating natriuretic peptide levels in
relation to myocardial ischemia. J Am
Coll Cardiol 44:1988–1995



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


