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Abstract

Objective: Mechanical ventilation is an important treatment for critically ill patients. Physicians generally perform a
spontaneous breathing trial (SBT) to determine whether the patients can be weaned from mechanical ventilation, but
almost 7% of the patients who pass the SBT still require respiratory support. Cardiac dysfunction is an important cause
of weaning failure. The use of brain natriuretic peptide or N-terminal pro-BNP is a simple method to assess cardiac
function. We performed a systematic review of investigations of brain natriuretic peptide or N-terminal pro-BNP as
predictors of weaning from mechanical ventilation.

Data sources: PubMed (1950 to December 2020), Cochrane, and Embase (1974 to December 2020), and some Chinese
databases for additional articles (China Biology Medicine (CBM), China Science and Technology Journal Database (CST)),
and Wanfang Data and China National Knowledge Infrastructure (CNKI)).

Study selection: We systematically searched observation studies investigating the predictive value of brain natriuretic
peptide or N-terminal pro-brain natriuretic peptide in weaning outcome of patients with mechanical ventilation.

Data extraction: Two independent reviewers extracted data. The differences are resolved through consultation.
Data synthesis: We included 18 articles with 1416 patients and extracted six index tests with pooled sensitivity and
specificity for each index test. For the BNP change rate predicting weaning success, the pooled sensitivity was 89%
(83%—94%) and the pooled specificity was 82% (72%—89%) with the highest pooled AUC of 0.9511.

Conclusions: The brain natriuretic peptide change rate is a reliable predictor of weaning outcome from mechanical
ventilation.
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Introduction

Mechanical ventilation, a method of supporting critical
patients, exerts important effects on global oxygen delivery

and reduces the work of breathing.> When the respiratory
muscles are unable to maintain normal pulmonary ventila-
tion in the face of respiratory dysfunction, mechanical venti-
lation generally acts as a bridge to recovery.> However,
mechanical ventilation can have life-threatening complica-
tions, such as ventilator associated pneumonia (VAP).
According to the International Nosocomial Infection Control
Consortium (INICC), the overall rate of VAP is 13.6per
1000 ventilator days, the mortality associated with VAP
ranges from 24% to 76%.* The incidence of respiratory mus-
cle weakness and gastrointestinal bleeding increases with the
duration of respiratory support.>~” These complications have
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been associated with the failure to liberate from ventilator,
and increased intensive care unit mortality.*® Thus, it should
be discontinued at the earliest possible time.'® The process of
discontinuing mechanical ventilation, termed weaning, is
one of the most challenging problems in intensive care.
Weaning accounts for a considerable proportion of the work-
load of staff in an intensive care.!! However, premature
weaning may also be harmful and cause extubation failure or
hymoxaemia.®!? Thus, a simple, reasonable index to evalu-
ate liberation from ventilator is an important issue which
ICU doctors require.

The purpose of the weaning procedure is to minimize
the duration of mechanical ventilation without incurring a
substantial risk of failure.">* Common weaning methods
include pressure support ventilation,'*!> synchronized
intermittent mandatory ventilation,'® and a spontaneous
breathing trial (SBT).!” The SBT is the most definitive
index for forecasting weaning success, '® but the extubation
failure rate remains great (15%-20%) in patients who have
successfully completed SBTs.!” Among many studies of
“weaning procedures,” the pathophysiology of disengag-
ing failure is complex,?*?! and include impaired respira-
tory mechanics,??> respiratory muscle dysfunction,?
cardiac dysfunction,®*** cognitive dysfunction,?® and
endocrine and metabolic disorders,?” but the comparative
weight of the various implicated factors is not fully eluci-
dated. For many reasons, cardiovascular dysfunction has
been documented as a significant mechanism.?*?! During
weaning, positive pressure ventilation withdrawal will
appear as subclinical heart dysfunction. In critical patients,
however, it is tough to determine cardiovascular dysfunc-
tion in weaning with the conventional techniques, includ-
ing echocardiography, cardiac scintiscan, and pulmonary
artery catheterization. They are operator-dependent, have
a lack of sensitivity, are inaccessible at the bedside, or are
invasive."”

Currently, B-type natriuretic peptide (BNP) and
N-terminal prohormone BNP (NT-proBNP) are reliable
biomarkers for determining cardiac failure.?®* BNP is co-
secreted with the biologically inactive NT-proBNP, and
they are produced by ventricles in reaction to myocardial
stretch.

Removal of mechanical ventilation has physiological
repercussions that reveal subclinical diastolic dysfunction
and/or fluid overburden. The trimming in intrathoracic
pressures increases central blood measurement,'® and
intensifies left ventricular transmural ejection tension.
Irregularities of diastolic function are often in extremely ill
patients®! and may have a part in patients being unable to
wean from ventilator. Thus, BNP or NT-proBNP values
may be implemented in determining cardiac dysfunction
while weaning from ventilator, and may distinguish the
completion of weaning from failure.'%2

BNP and NT-pro BNP were used as an evaluation index
of weaning from ventilator due to cardiac dysfunction, but

currently reports vary.!%1%3348 A diagnostic test method
meta-analysis is a useful tool to increase power by pooling
all the published data together. In this study, we completed
a diagnostic test method meta-analysis to clarify whether
BNP or NT-proBNP is linked to the assessment of SBT.

Methods
PICO statement

P-patient: Adult patients were under mechanical ventila-
tion for more than 24 h;

I-index test: BNP or NT-pro BNP was measured in all
included patients;

C-complement: SBT was given to all included patients
who were deemed ready to be liberated from mechanical
ventilation; and

0-outcome: Efficacy of the BNP or NT-pro BNP to pre-
dict weaning outcome. Search techniques and selection
criteria

This systematic review and meta-analysis has been dis-
closed in conformance with the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA).

We searched pertinent evaluations published PubMed
(1950 to December 2020), Cochrane, and Embase (1974 to
December 2020), and some Chinese databases for addi-
tional articles (CBM, CSTJ, Wanfang Data, and CNKI)
without any language limitations. The search strategy is
shown in attachmentl.

Search of other resources. We also did a manual search for
all retrieved articles and review reports published in
English.

Study selection and data extraction

We selected publications that reported the sensitivity and
specificity of the BNP or NT-pro BNP predicted weaning
outcome. Figure 1 displays the search progress.

We created an Excel spreadsheet and collected data
from the articles, including: author, year of publication,
country of study, sample size, sensitivity, and specificity.
Numbers of true positive, true negative, false positive, and
false negative values were extracted through calculations
based on sensitivity, specificity, the total number of extu-
bation successes, and extubation failures.

Assessment of risk of bias of study publications

The included studies were assessed for quality using the
QUADAS-2 tool,* which consists of four key domains
that judge bias and applicability of the reviewed studies.
Based on the answers to questions from each domain, the
risk of bias was judged as unclear, low, or high. A funnel
plot generated by Stata 16.0 (STATA Corp, College Station,
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Figure |. Study flow diagram 2663 articles were retrieved.
Finally, 18 articles were included according to pre-set inclusion
criteria.

72 potentially relevant publications ‘

TX, USA) was used to assess publication bias, and funnel
plot symmetry was assessed with Egger’s test.

The evaluation of each component for the risk of bias is
detailed below: “Patient selection” domain:

Was a consecutive sample of patients enrolled? Did the study
avoid inappropriate exclusions? “Index test” domain: If a
threshold was used, was it pre-specified?

“Reference standard” domain:

Is the reference standard likely to correctly classify the target
condition?

Were thex reference standard results interpreted without
knowledge of the results of the index tests?

“Flow and timing” domain:

Was there an appropriate interval between the index test and
the reference standard? Did all of the patients receive the
same reference standard?

Were all of the patients included in the analysis?

Data analysis

We used meta-disc v 1.4 (Universidad Complutense,
Madrid, Spain) to perform a meta-analysis in order to
determine the pooled sensitivity and specificity for each
diagnostic method as a predictor of weaning outcome. We
used hypothesis testing to analyze the heterogeneity for
each diagnostic method, Chi-square p-values, and /2 index,
which is automatically calculated by meta-disc software.
We interpreted the inconsistence index to be less than 50%
acceptable.

To investigate a threshold effect, we plotted summary
receiver operating curves (SROCs) for each diagnostic
method and we also calculated the Spearman correlation
coefficient between sensitivity and specificity. If the posi-
tive Spearman correlation coefficient was >0.6, we con-
sidered it to be of threshold effect.

Results

Research screening

We identified 18 studies and 1416 patients to report the
predict value of brain natriuretic peptide or N-terminal
pro-BNP for weaning outcome for patients who under-
went mechanical ventilation. We extracted six index tests
and pooled sensitivity and specificity of each index test.
The characteristics of the 18 publications that met the
inclusion criteria for meta-analysis are presented in Table
1. The overall quality of the included studies is shown in
Figure 2 and Table 2. The source of risk in the index test
arose from the threshold that was not pre-specified.
However, all included studies met the review questions,
so the applicability judgments were of low concern. The
results of the sensitivity, specificity and small ROC of
each test are shown in Figure 4.

BNPI

The prediction value of BNP1 for the weaning outcome in
mechanical ventilation was reported in six studies. The
pooled sensitivity and 95% confidence interval for predict-
ing weaning failure was 80% (73%—-87%) and the pooled
specificity was 85% (80%-89%). The I* values were 30%
for specificity and 0% for sensitivity. The pooled area
under curve (AUC) was 0.8940.

BNP2

The prediction value of BNP2 for the weaning outcome in
mechanical ventilation was reported in five studies. The
pooled sensitivity and 95% confidence interval for predict-
ing weaning failure was 80% (72%—-87%) and the pooled
specificity was 85% (81%-89%). The I*> values were
38.2% for specificity and 5.9% for sensitivity. The pooled
AUC was 0.8887.

ABNP

The prediction value of ABNP for weaning outcome in
mechanical ventilation was reported in five studies. The
pooled sensitivity and 95% confidence interval for predict-
ing weaning success was 91% (86%—-94%) and the pooled
specificity was 78% (68%-87%). The I*> values were
76.4% for specificity and 58.5% for sensitivity. The pooled
AUC was 0.9486.
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Table I. Key characteristics of the meta-analyzed reports (n = 18).

Index test  Author Year Country Ref. Cutoff value TP FP FN TN
BNPI Armand 2006 France [10] 275 pg/ml 35 7 6 54
Xu 2013 China [44] 263 pg/ml 10 13 2 41
Xing 2014 China [42] 849.1 pg/ml 26 9 8 80
Zhou 2013 China [46] 204 pg/ml 13 3 3 25
Ma 2016 China [40] 294.79 pg/ml I5 10 3 42
He 2013 China [45] 139 pg/ml 12 4 5 I5
Total 11 46 27 257
BNP2 He 2013 China [45] 157 pg/ml 13 4 4 I5
Xing 2014 China [43] 224.5pg/ml 40 I5 10 93
Ma 2016 China [40] 332.95pg/ml 16 6 2 46
Shereen 2014 Egypt [33] 164 pg/ml 9 6 5 10
Lara 2013 Brazil [37] 299 pg/ml I I I 78
Total 89 42 22 242
ABNP Cheng 2015 China [34] 80 pg/ml 31 12 2 I
Yang 2011 China [38] 123 pg/ml 64 | 6 12
He 2013 China [45] 29 pg/ml 13 | 6 16
Ma 2016 China [40] 69.36 pg/ml 48 2 4 16
Zhang 2012 China [47] 46 pg/ml 44 2 2 10
Total 200 I8 20 65
ABNP% Cheng 2015 China [34] 13.4% 28 4 5 19
Chien 2008 China [19] 20% 65 4 6 26
Sameh 2014 Egypt [35] 20% 23 2 2 13
Shereen 2014 Egypt [33] 14.9% 13 5 3 9
Total 129 I5 16 67
NT- Hu 2010 China [48] 3635.5pg/ml 4l 16 13 90
proBNPI
Li 2016 China [39] 715.5pg/ml 14 7 I 20
Total 55 23 14 110
NT- Gang 2013 China [36] 448 pg/ml 6 7 I I5
proBNP2
Wen 2015 China [41] 1199 pg/ml 26 4 8 79
Total 32 I 9 94

BNPI, BNP levels were measured before the preparation of SBT and the prediction of weaning failure. BNP2, BNP levels were measured at the end

of SBT and the prediction of weaning failure.
ABNP, the change of BNP levels before and after SBT and the prediction of weaning success.

ABNP%, ABNP divided by BNP| and the prediction of weaning success.

NT-proBNPI, NT-pro BNP levels were measured before the preparation of SBT and the prediction of weaning failure. NT-proBNP2, NT-pro BNP
levels were measured at the end of the SBT and the prediction of weaning failure.

TP: true positive; FP: false positive; FN: false negative; TN: true negative.

ABNP%

The prediction value of A BNP% for the weaning outcome in
mechanical ventilation was reported in four studies. The pooled
sensitivity and 95% confidence interval for predicting weaning
success was 89% (83%—94%) and the pooled specificity was
82% (72%-89%). The I* values were 5.9% for specificity and
0% for sensitivity. The pooled AUC was 0.9511.

NT-proBNPI

The prediction value of NT-proBNP1 for the weaning
outcome in mechanical ventilation was reported in two

studies. The pooled sensitivity and 95% confidence interval
for predicting weaning failure was 80% (68%—88%) and
the pooled specificity was 83% (75%-89%). The I values
were 38.7% for specificity and 62.3% for sensitivity.

NT-proBNP2

The prediction value of NT-proBNP2 for the weaning out-
come in mechanical ventilation was reported in two stud-
ies. The pooled sensitivity and 95% confidence interval for
predicting weaning failure was 78% (62%—89%) and the
pooled specificity was 90% (82%-95%). The I* values
were 90.8% for specificity and 0% for sensitivity.
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Figure 2. QUADAS-2 results.
The results of the QUADAS-2 evaluation are provided in different color. Deep color stands for low risk, middle color stands for unclear risk and
stands for light color—high risk. Because most of the literature did not report whether consecutively included sample of patients, this part of the risk
of bias is higher. At present, there is no clear weaning indicator, so this part of the risk of bias is also higher.

Table 2. QUADAS-2 results.

Author Year  Patient risk Selection applicability Index test ~ Applicability Reference  Standard applicability Flow and
of bias judgments risk of bias  judgments  risk of bias  judgments timing
Armand 2006 Low Low High Low Low Low Low
Cheng 2015  Unclear Low High Low Unclear Low Low
Chien 2008  Unclear Low High Low Low Low Low
He 2013 Unclear Low High Low Unclear Low Low
Hu 2010 Unclear Low High Low Unclear Low Low
Lara 2013 Unclear Low High Low Unclear Low Low
Li 2016  Unclear Low High Low Unclear Low Low
Ma 2016  Unclear Low High Low Unclear Low Low
Sameh 2014  Low Low High Low Unclear Low Low
Shereen 2014  Unclear Low High Low Unclear Low Low
Wen 2015  Unclear Low High Low Unclear Low Low
Xing 2014  Unclear Low High Low Unclear Low Low
Xing 2014  Unclear Low High Low Unclear Low Low
Xu 2013 Unclear Low High Low Unclear Low Low
Yang 2011 Unclear Low High Low Unclear Low Low
Zhang 2012 Unclear Low High Low Unclear Low Low
Zhou 2013 Unclear Low High Low Unclear Low Low
Gang 2013 Low Low High Low Low Low Low

Investigation of heterogeneity

The Spearman correlation coefficient between the logistic
transformations of the true positive rate (TPR) against the
logit of the false positive rate (FPR) for BNP1, BNP2, A
BNP, A BNP% is 0.145 (p=0.784), —0.900 (p=0.037),
0.900 (»p=0.037), —0.949 (p=0.051).

Only ABNP had a strong positive Spearman rank coef-
ficient, indicating it had a threshold effect. Further, we used
the Moses model to examine the changes in threshold
effect, and found b (1) = —0.247, p=0.451. The threshold
was constant. The I statistics were 58.5% for sensitivity
and 76.4% for specificity. In view of the small number of
articles included, it was not possible to further analyze the
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Figure 3. Funnel plot.

heterogeneity origin of the non-threshold effects. The ROC
was combined using the random effects model.

There are two articles confirming the inclusion criteria
about NT-pro BNP1 and NT-pro BNP2 predicting the
weaning outcome. About NT-pro BNPI, the /* statistics
were 62.3% for sensitivity and 38.7% for specificity.
About NT-pro BNP2, the P statistics were 0% for sensitiv-
ity and 90.8% for specificity. Due to the limitation of the
sample size, we could not explore the source of
heterogeneity.

In addition, the funnel plot and Egger’s test were con-
ducted to access publication bias. Both the funnel plot
(Figure 3) and Egger’s test suggested no evidence of pub-
lication bias (p value=0.3384).

Discussion

We compared the accuracy of BNP1, BNP2, ABNP,
ABNP%, NT-pro BNP1, and NT-pro BNP2 for the diag-
nosis of weaning outcomes from mechanical ventilation.
Based on our knowledge, ours was the initial diagnostic
test method meta-analysis with SROC to investigate the
relationship of BNP and liberation from ventilation. In
general, ABNP had the highest pooled sensitivity of 91%,
NT-pro BNP2 had the highest pooled specificity of 90.8%,
and ABNP% had the highest pooled AUC of 0.9511.
Brain natriuretic peptide or B-type natriuretic peptide
(BNP) was found in the porcine brain in 1988,%° and it
was subsequently confirmed by the ventricular muscle
cells secretion. BNP is initially present as an inactive
precursor form (preBNP) in the ventricular myocyte
membrane particles. When the myocytes are stimulated,
they are cut into signal peptide and proBNP in the ven-
tricular myocytes, and proBNP is released into the blood,
cleaved by the enzyme furin as an inactive amino termi-
nal fragment NT-pro BNP and biologically active car-
boxyl terminal fragment BNP. When the ventricular

volume expands, the pressure load increases, and the
BNP begins to secrete.”!

Weaning is the process of which mechanical ventilation
is gradually withdrawn and the patient resumes spontane-
ous breathing. Unsuccessful weaning from mechanical
ventilation is frequently due to cardiovascular dysfunc-
tion. Mechanical ventilation affects the cardiovascular sys-
tem through the expansion of lung volume, increased
alveolar pressure, and changes in intrathoracic pressure.
When the patient receives mechanical ventilation, the
alveoli passively expand and the lung volume increases,
leading alveolar vascular resistance to increase signifi-
cantly. Although alveolar pressure is partly conducted to
interstitial, the total pulmonary vascular resistance
increases and the total blood flow volume of the lungs
decreases. The increasing lung volume compresses the
heart in the mediastinum. Cardiac compliance is reduced
due to this effect. Cardiac output (CO) decreases. Since the
right ventricular is more compliant than the left ventricle,
the right ventricle is impacted greater when pericardial
pressure increases, which results in the interventricular
septum moving to the left ventricle, reducing CO and
blood pressure. As a result of mechanical ventilation, the
intrathoracic pressure and the external environment pres-
sure gradient increases, resulting in returned blood volume
reduction. On the other hand, the central vein by the impact
of pressure further limits the return of blood flow to the
right ventricle. Increased intrathoracic pressure reduces
left ventricular afterload, improving left ventricular func-
tion and increasing CO. When the ventilator is discontin-
ued, it consequently increases cardiac preload and
afterload. If there is the potential for cardiac insufficiency
or it is present at this time, cardiovascular function will be
decompensated.

In 2012, Chowdhury and co-workers®? performed a
meta-analysis that included two studies that evaluated the
changes in cardiac function during an SBT. They con-
cluded that BNP measured at the end of an SBT may pre-
dict re-intubation. However, included studies have been
small and had significant limitations. At present, some
new research on the relationship between BNP or NT-pro
BNP and weaning outcome from mechanical ventilation
has been published. In addition, some new predictors were
reported. So, we performed an updated meta-analysis.

Our meta-analysis confirms the meta-analysis per-
formed by Chowdhury and co-workers. BNP2 can effec-
tively predict weaning failure since the area under the
pooled ROC is 0.8887, which indicates a high diagnostic
efficacy. The studies reported that threshold values were
close to each other, which increases the reliability of the
conclusion.

Armand et al. first measured the BNP1 prediction value
for weaning outcome in mechanical ventilation patients;'’
however, this study did not exclude acute left heart failure
patients and concluded BNP1 is higher in patients with
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weaning failure and correlates to weaning duration. Only
one study (1/6) excluded acute left heart failure patients.
The AUC is 0.8940 for BNP1, the /7 is 30% for specificity,
but heterogeneity is acceptable. Therefore, BNP1 can pre-
dict weaning failure.

Yang et al.’® and Cheng et al.** found the change of
BNP levels before and after SBT are statistically signifi-
cant; however, BNP1 has not been reported to be statisti-
cally significant. This may be because these two articles
excluded patients with acute heart failure or acute myocar-
dial infarction. The AUC is 0.9486 forABNP, the P is
58.5% for sensitivity, and 76.4% for specificity.

Heterogeneity is moderate. The AUC is close to 1, indi-
cating a high diagnostic efficacy, but it has limited clinical
use due to the moderate heterogeneity.

Lamia et al.>® reported NT-pro BNP levels at SBT can
help in the prediction of post-extubation respiratory dis-
tress. The AUC for plasma NT-pro BNP to predict post-
extubation respiratory distress was 0.78 (95% CI
0.67-0.89, p=0.0001). Yu** reported that NT-pro BNP1
and NT-pro BNP2 do not have a correlation with weaning
outcome. At present, because there are a limited amount of
studies about the relationship between NT-pro BNP and
weaning outcome, we cannot further explore the topic.

ABNP% had the highest pooled AUC of 0.9511, the I
is 0% for sensitivity, and 5.9% for specificity. It has the
best clinical use value for predict weaning success. When
the change percentage of BNP levels before and after SBT
is elevated, the withdrawal of mechanical ventilation
causes a sharp change in cardiac function.

Grasso et al.>® and Zapata et al.’> have demonstrated the
usefulness of predicting and diagnosing weaning outcome of
cardiac origin. Mekontso-Dessap et al.' reported that a BNP-
guided fluid management strategy had shorter ventilator days
and a higher probability of successful extubation, especially
in patients with left ventricular systolic dysfunction.

Conclusion

Our study found thatABNP% could be used in clinical
wean evaluations and to screen whether the failure of wean
is associated with a cardiogenic factor. Subsequent need
more diagnostic randomized controlled trials to establish
the best use of this diagnostic indicator.
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Attachmentl

We implemented the subsequent search strategy:

PubMed

Natriuretic Peptide, Brain [Mesh]
Peptide, Brain Natriuretic [Title/Abstract]
BNP-32 [Title/Abstract]
BNP 32 [Title/Abstract]
Brain Natriuretic Peptide-32 [Title/Abstract]
Brain Natriuretic Peptide 32 [Title/Abstract]
Natriuretic Peptide-32, Brain [Title/Abstract]
Peptide-32, Brain Natriuretic [Title/Abstract]
Natriuretic Factor-32 [Title/Abstract]

. Natriuretic Factor 32 [Title/Abstract]

. BNP Gene Product [Title/Abstract]

. Type-B Natriuretic Peptide [Title/Abstract]

. Natriuretic Peptide, Type-B [Title/Abstract]

. Type B Natriuretic Peptide [Title/Abstract]

. Natriuretic Peptide Type-B [Title/Abstract]

. Natriuretic Peptide Type B [Title/Abstract]

NI R LD
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17. Nesiritide [Title/Abstract]

18. Brain Natriuretic Peptide [Title/Abstract]
19. B-Type Natriuretic Peptide [Title/Abstract]
20. Natriuretic Peptide, B-Type [Title/Abstract]

21. Ventricular Natriuretic Peptide, B-type [ Title/Abstract]
22. Ventricular Natriuretic Peptide, B type [Title/Abstract]

23. Natrecor [Title/Abstract]

24. lor2or3ordorSor6or7or8or9or10orllorl2
orl3orl4orl5orl6or17orl18orl9or20or2l or

22 0r23

25. Pro-brainnatriuretic peptide (1-76) [Supplementary

Concept]

26. N-terminal pro-BNP [Title/Abstract]

27. ProBNP(1-76) [Title/Abstract]

28. NTproBNP [Title/Abstract]

29. N-BNP peptide [Title/Abstract]

30. NT-BNP [Title/Abstract]

31. Amino-terminal
[Title/Abstract]

32. Aminoterminal pro-B-type natriuretic peptide

[Title/Abstract]
33. NT-proBNP [Title/Abstract]

34. Pro-brain natriuretic peptide (1-76) [Title/Abstract]
35. 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33

or 34
36. Ventilator Weaning [Mesh]
37. Weaning, Ventilator [Title/Abstract]
38. Respirator Weaning [Title/Abstract]
39. Weaning, Respirator [Title/Abstract]
40. Mechanical Ventilator Weaning [Title/ Abstract]
41. Ventilator Weaning, Mechanical [Title/Abstract]
42. Weaning, Mechanical Ventilator [Title/Abstract]
43. 36 or 37 or 38 or 39 or 40 or 41 or 42
44. 24 or 35
45. 43 and 44

Embase

#1 ‘artificial ventilation’/exp

#2 ‘ventilator weaning’:ab, ti

#3 ‘mechanical ventilator weaning’:ab, ti
#4 ‘respirator weaning’:ab, ti

#5#1 OR #2 OR #3 OR #4

#6 ‘brain natriuretic peptide’/exp

#7 ‘nesiritide’:ab, ti

#8 ‘nesiritide citrate’:ab, ti

#9 ‘natrecor’: ab, ti

#10 #6 OR #7 OR #8 OR #9

#11 ‘amino terminal pro brain natriuretic peptide’/exp
#12 ‘NTproBNP:ab, ti

#13 ‘proBNP’: ab, ti

#14'nt pro bnp":ab, ti

#15 'ntprobnp':ab, ti

#16 #11 OR #12 OR #13 OR #14 OR #15
#17 #10 OR #16

#18 #5 AND #17

pro-brain natriuretic peptide





