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ABSTRACT
Introduction: Identification of predictors for successful extubation in an Intensive Care Unity and use of Brain 
Natriuretic Peptides (BNP) in predicting mechanical ventilation weaning and extubation outcome. 
Aims: Evaluation of the effect of variables such as patient´s age, severity score, use of sedation, use of vasoactive 
drugs, hydric balance, blood gas data, days under mechanical ventilation, the occurrence of adverse events and 
plasma BNP levels on the success of extubation.
Method: A prospective cohort study of adult patients admitted to a 12- bed-general ICU, from April 1st 2016 to 
August 10th 2017, under mechanical ventilation for > 24 h, accompanied until discharge or death. Clinical variables 
were analyzed and BNP was assessed before initiation of Spontaneous Breathing Trial (SBT) and then again before 
extubation. Statistical Analysis: a descriptive and comparative data analysis, univariate and logistic regression 
analysis for verification of variables independently related to successful extubation (p < 0.05).
Results: Study of 105 patients, mean age of 53.9 ± 19.8 years, 81% of success in extubation; the overall mortal-
ity rate of 11.4%; variables associated to successful extubation: age, APACHE II, SAPS II, days of hospitalization 
before ICU admittance, days under mechanical ventilation, days of stay in ICU and occurrence of nosocomial infec-
tion (p < 0.05); BNP levels were lower in patients with successful extubation although not statistically significant; 
multivariate analysis showed that patient’s age and days of hospitalization before ICU admittance were each in-
dependently linked to extubation failure; APACHE II score and days of hospitalization before ICU admittance were 
each independently associated to risk of death.
Conclusion: Despite being older and with higher severity scores, patients had a higher success rate in extubation 
than found in similar studies. However, the mortality rate in cases of failed extubation was higher. Data obtained 
was in agreement to studies that suggested that patient´s age, severity score, days of hospitalization before ICU 
admittance, days of stay in ICU, days under MV and infection occurrence were all variables associated as much 
extubation failure as to risk of death. A direct association between BNP levels and successful extubation and the 
usefulness of assessing BNP in the conduction of WMV was not confirmed.
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RESUMO
Introdução: Identificação de fatores preditivos do sucesso da extubação em Unidade de Terapia Intensiva e uso do 
Peptídeo Natriurético Cerebral (BNP) como preditor do sucesso do desmame da ventilação mecânica e extubação.
Objetivo: Avaliação do efeito de variáveis ​​como idade, escores de gravidade, uso de sedação, uso de drogas va-
soativas, balanço hídrico, gasometria, dias sob ventilação mecânica, ocorrência de eventos adversos e níveis plas-
máticos de BNP no sucesso da extubação .
Método: Estudo de coorte prospectivo de pacientes adultos internados em UTI geral com 12 leitos, de 1º de abril 
de 2016 a 10 de agosto de 2017, sob ventilação mecânica (VM) por > 24 horas, acompanhados até a alta ou óbito. 
Variáveis ​​clínicas foram analisadas e o BNP dosado antes do início do Teste de Respiração Espontânea (TRE) e, no-
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vamente, antes da extubação. Análise estatística: análise descritiva e comparativa dos dados, análise univariada e 
regressão logística para verificação de variáveis ​​independentemente relacionadas ao sucesso da extubação (p <0,05).
Resultados: Avaliados 105 pacientes, idade média 53,9 ± 19,8 anos, sucesso na extubação de 81%; taxa de 
mortalidade geral de 11,4%; variáveis ​​associadas ao sucesso da extubação: idade, APACHE II, SAPS II, dias de 
internação antes da admissão na UTI, dias em ventilação mecânica, dias de permanência na UTI e ocorrência de 
infecção hospitalar (p <0,05); os níveis de BNP foram mais baixos em pacientes com sucesso da extubação, embora 
não estatisticamente significativos; a análise multivariada mostrou que as variáveis, idade e dias de internação, 
antes da admissão na UTI, estavam, independentemente, ligadas ao fracasso da extubação; as variáveis APACHE II 
e dias de internação antes da admissão na UTI estavam, independentemente, associados ao risco de morte.
Conclusão: Apesar de mais velhos e com escores de gravidade mais elevados, nossos pacientes apresentaram 
maior taxa de sucesso na extubação quando comparados a estudos semelhantes. No entanto, a taxa de mortalidade 
em casos de falha da extubação foi maior. Os dados obtidos estão de acordo com estudos que sugerem que variá-
veis como idade, escores de gravidade, dias de internação antes da admissão na UTI, dias de permanência na UTI, 
dias em VM e ocorrência de infecção estão ​​associadas tanto ao fracasso de extubação quanto ao risco de morte. 
Não foi possível confirmar a associação direta entre os níveis plasmáticos de BNP e o sucesso da extubação, assim 
como sua utilidade na condução do desmame da ventilação mecânica.

Palavras-chave: Desmame da Ventilação Mecânica, Extubação das vias aéreas, Peptídeo natriurético cerebral, Unida-
de de Tratamento Intensivo, Taxa de mortalidade.

INTRODUCTION

The death rate in patients admitted to 
Intensive Care Units (ICUs) is related to each 
patient´s characteristics, the severity of the ini-
tial disease, submission of the patient to inva-
sive procedures and the occurrence of adverse 
events(1). Patients submitted to long term me-
chanical ventilation (MV) present poor prognosis 
due to a high number of complications, increased 
ICU and hospital mortality rates and longer hos-
pital stay, all of which cause great loss of human 
and financial resources(2).  As noted by the 2013 
Brazilian Recommendations for Mechanical Ven-
tilation (BRMV 2013)(3), treatment outcome in 
patients with respiratory failure has shown much 
better results in the last few decades, although 
recent data has shown that death rates in our 
mechanically ventilated patients are higher than 
found in developed countries(4,5,6).

After the cause of respiratory insufficien-
cy is resolved comes the challenge of weaning 
the patient from mechanical ventilation (WMV) 
followed by extubation. Even when considering 
the current procedure for WMV, which is standar-
dized, the average rate of failure is 30%, with the 
Spontaneous Breathing Trial (SBT) considered to 
be the most accurate indicator for a successful 
WMV. However, even in patients with successful 
SBT, the extubation failure rate is still high (15-
20%)(5). Failure of SBT and extubation is associa-

ted with a 43% mortality rate, with a 12% mor-
tality rate in patients with successful extubation. 
A definitive predictor for WMV results in patients 
submitted to MV is not yet known(6).

The incidence of respiratory insufficiency 
increases almost exponentially with patients age, 
presenting up to three times more in patients 65 
and older than in patients 55 years old or youn-
ger(7). According to Silva et al(8), patients older 
than 65 with organ failure present an additio-
nal 20% increase in mortality during the hospi-
tal stay. Older patients also present much worse 
evolution under MV, a higher rate of extubation 
failure, and a higher death rate due to their res-
piratory problems.

Some studies indicate that WMV can be 
optimized by lessening pulmonary capillary 
pressure with strict control of the patient´s 
hydric balance (HB) during the weaning pro-
cess, and that atrial natriuretic peptides levels 
(BNPs), considered as being markers for car-
diac insufficiency, could be useful as predictors 
of WMV result(9,10,11). Mekontso-Dessap et al(10) 
conducted the first study of managing HB by 
assessing ANP levels during WMV. The authors 
found an association between successful WMV 
and increased use of diuretics, a lower HB and 
a shorter period of MV, with no increase in ad-
verse effects, especially in patients presenting 
with left ventricular dysfunction. In this study, 
baseline BNP levels were moderately elevated 
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exclusively in those patients where SBT was un-
successful because of cardiac dysfunction.

The success rate of WMV was as high as 
97% when BNP was assessed in SBT. When WMV 
was undertaken based only on the patient´s SBT 
results, the success rate was as low as 80%. 
Thus, assessment of natriuretic peptide levels 
could help identify the best time for weaning a 
patient of MV(9,11).

The present study aimed to identify factors 
that were predictive of WMV results in adult pa-
tients admitted to a general ICU. Specific goals 
were: to determine the success rate of WMV in 
patients under MV for more than 24 hours; to as-
sess the impact of epidemiological, clinical and 
laboratory variables in WMV outcome; to determi-
ne specifically if BNP levels before SBT and prior 
to extubation could accurately predict success or 
failure of extubation.  

METHOD

Studied population

A prospective cohort study was conducted 
at the Hospital de Clínicas da Faculdade de Me-
dicina de Marília, São Paulo state, Brazil, in the 
high to medium complexity Intensive Care Unit 
B. This unit has 12 beds and admits patients in 
need of intensive care after medical or surgical 
treatment, apart from cardiac surgery patients 
and organ transplanted patients.

The study was evaluated and approved by 
the hospital´s Ethics Committee and included 193 
patients staying in the ICU during the period from 
April 1st 2016 to August 10th 2017, who were ≥ 
18 years old, received MV for ≥ 24 h, and were 
observed continuously until discharge or death. 
Patients were included when they developed res-
piratory insufficiency and were then intubated in 
the ICU, or when already intubated, transferred 
to the ICU from the OR, infirmary, or the ER. The 
cause of intubation for each patient was regis-
tered in standard medical files and was related 
to the patient´s pathology, clinical, surgical and/
or due to trauma. The need for intubation of ICU 
patients was determined according to criteria es-
tablished in BRMV 2013(3).

Data collection

Three researchers collected data from the 
patients after they signed standard terms of con-
sent, while statistical analysis was done by a four-
th. Only one patient, legally represented by family 
members who did not authorize his participation, 
was excluded from the study. For patients who re-
quired multiple periods of intubation, only the first 
of these was considered. All patients that were re-
admitted to the ICU up to seven days after dis-
charge and required intubation and MV for more 
than 24 hours, were included as a new case. Those 
readmitted up to 48 hours after extubation and 
discharge were considered as failed cases. Criteria 
for exclusion from the study: patients or their legal 
guardians who declined to participate in the study.

All data used in the study was collected 
from standard medical files. These files contained 
information regarding the patient´s origin, cause 
of admittance to the hospital, comorbidities, se-
verity score and organ dysfunction (APACHE II, 
SAPS II and SOFA)(12,13,14). Variables such as age, 
the period of days under MV and under sedation, 
use of vasopressors, hydric balance, hypercapnia, 
the occurrence of adverse effects (infection, ve-
nous thromboembolism, digestive bleeding and 
onset of pressure ulcers) were noted and the pa-
tients had BNP levels assessed at two moments: 
immediately before initiating SBT and immedia-
tely before extubation.

All patients were evaluated daily and, in ac-
cordance to BRMV 2013(3), were considered apt for 
SBT when the following accumulated criteria was 
observed: PaO2 ≥ 60 mmHg with FIO2 ≤ 0,4 and 
PEEP ≤ 5 at 8 cmH2O; presenting stable hemody-
namics with good tissue perfusion when using a low 
dosage or no use of vasopressors; absence of coro-
nary insufficiency or arrhythmia with hemodynamic 
repercussions; cause of respiratory failure resolved 
or controlled; patient capable of initiating respira-
tory effort; hydric balance lower or equal to zero in 
the last 24 hours, and normal acid-base and hydro-
electrolytic balances. Patients normally did not re-
ceive noninvasive ventilation following extubation.

A continuous T-tube (TT) was used for 30 to 
120 minutes during SBT of the patients, and was 
observed for indications of success or failure in the 
test. Patients who were able to maintain a stable 
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respiratory pattern, good level of gas exchange, he-
modynamic stability and were adequately comfor-
table for a minimum of 30 minutes, were then ex-
tubated and were considered as successful in SBT. 
SBT was considered failed and was then interrup-
ted when the patient presented one or more of the 
following symptoms: respiratory rate higher than 
35 breaths per minute, arterial oxygen saturation 
lower than 90%, heart rate (HR) higher than 140 
beats per minute, systolic arterial pressure higher 
than 180 mmHg or lower than 90 mmHg; signs and 
symptoms related to agitation, sudoresis and/or 
change in the level of consciousness(3). All patients 
with successful SBT were extubated without the use 
of any other predictive indicators. 

After extubation, all patients who presen-
ted signs of respiratory discomfort, desaturation 
and/or hemodynamic instability were reintubated 
and were considered failed extubation cases. Si-
milarly, patients submitted to tracheostomy after 
unsuccessful WMV, no matter how many times 
weaning or extubation was attempted, were con-
sidered failed cases.

The concept “success of weaning” refers to 
the patients who underwent SBT successfully while 
still connected to the ventilator. The term “success 
of extubation” was used about those patients whe-
re the endotracheal prosthetic device was with-
drawn (extubation) after a successful result of SBT 
and the patient did not require reintubation for at 
least 48 hours afterward(3). However, the present 
study considered WMV not completely successful 
when the patient had to be reintubated up to 48 
hours after a successful SBT and extubation.

Sample collection and BNP assessment

Blood samples for assessment of BNP were 
collected in tubes containing clot activator gel and 
then sent to the laboratory (Faculdade de Medicina 
de Marília – SP blood center) and were processed 
by an ARCHITECT i1000SR device, being submitted 
to an ARCHITECT BNP test which consists of a che-
miluminescent microparticle assay (CMA) for mea-
surement of type B natriuretic peptide (BNP) levels 
in human plasma(15). Normal BNP values were con-
sidered according to age: < 125 pg/ml (picograms 
per milliliter) for patients ≤ 75 years of age and < 
450 pg/ml for patients ≥ 76 years old(15).

Data analysis

A descriptive data analysis was performed 
after verifying data normality using a statistical 
analysis suitable to the sample size and mean 
values for the continuous variables and propor-
tions of the categorical variables. The continuous 
variables were compared by Student’s t-test, 
or ANOVA, when comparing two or more mean 
values, and the categorical variables were com-
pared by the chi-square test or by Fisher’s exact 
test, according to the nature of the data. Micro-
soft Excel (Microsoft, EUA) was used to create a 
data bank and statistical analysis was done using 
Statistical Package for Social Sciences (SPSS), 
version 17 (SPSS Inc., EUA). Statistical signifi-
cance was considered at p < 0.05.

Clinical and laboratory parameters of pa-
tients with successful extubation were compa-
red to those with extubation failure using logistic 
regression analysis to individually assess which 
factors were linked to success or failure of extu-
bation. A backward conditional method was used 
for this, using a model that included all varia-
bles identified in the univariate analysis as being 
linked to the outcome of the extubation.

Results

Initially, 193 patients admitted to ICU B of 
the Hospital de Clínicas de Marília – SP under MV 
for more than twenty-four (24) hours, from April 
1st, 2016, to August 10th 2017 were included in 
the study. SBT was performed in 133 (68.9%) pa-
tients. Of the 60 patients not submitted to SBT, 
53 (27.5%) did not present the necessary criteria 
for the trial and 7 (3,6%) were not monitored (ac-
cidental extubation). Figure 1

Spontaneous breathing trial, BNP assess-
ment and Extubation

After resolution of cause for MV, 133 (68.9%) 
patients were submitted to SBT, 90 (67.7%) were 
successfully extubated and 43 (32.3%) unde-
rwent failed extubation. Of the 133 patients, 105 
were submitted to SBT and two assessments of 
BNP. 85 of these 105 (81%) patients were extu-
bated successfully and 20 (19%) failed. Figure 1
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Figure 1 – Flow chart of extubation failure or success
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MV: Mechanical Ventilation; SBT: Spontaneous Breathing Trial; BNP: Brain Natriuretic Peptides, pg/ml

Epidemiological and clinical parameters of the 105 patients submitted to SBT and two BNP as-
sessments are indicated in Table 1.

Table 1. Epidemiological and clinical parameters

n = 105
Male, n (%) 59 (56.2)
Age, years 53.9 ± 19.8
Associated disease*, n (%)
    Dyslipidemia 8 (7.6)
    Depression 9 (8.6)
    Drug addiction 10 (9.5)
    Chronic Obstructive Pulmonary Disease 14 (13.3)
    Cardiac Insufficiency/AMI 16 (15.2)
    Diabetes Mellitus 22 (21.0)
    Alcohol consumption/Tabaccoism 36 (34,2)
    Systemic Arterial Hypertension 37 (35.2)

(continua...)
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All patients successfully extubated were 
younger (p=0.001), presented lower Apache 
II and SAPS II (p=0.03 and p=0.03) severi-
ty scores, had lower rates of hospital-acqui-
red infections (p=0.031), had fewer average 
days of hospital stay prior to admittance to ICU 
(p=0.046), of stay in ICU (p=0.001), and under 

mechanical ventilation (p<0.001). No statisti-
cal difference was found between both groups 
in terms of mean FiO2 (Fraction of inspired oxy-
gen), PaO2 (Arterial partial oxygen pressure), 
PCO2 (Carbon dioxide partial pressure) and ar-
terial bicarbonate values, all of which assessed 
prior to SBT (Table 2).

Table 1
(continuação)

n = 105
Neoplasia, n (%) 21 (20.0)
Neurologic disease, n (%) 34 (32.4)
DPOC, n (%) 15 (14.3)
Type of admission, n (%)
    Trauma 16 (15.2)
    Elective or emergency surgery 43 (40.9)
    Internal medicine 46 (43.9)
Days of hospitalization before admittance to ICU 7.5 ± 12.9
Days of MV 13.7 ± 11.0
Success of extubation, n (%) 85 (81)
Tracheostomy, n (%) 14 (13.3)
Death, n (%) 12 (11.4)

Data are presented as mean values ± SD (Standard Deviation) unless otherwise indicated. Percentage sum may not attain 100% due 
to rounding of numbers; *Patients may have more than one underlying disease as the cause for admittance to ICU; ICU: Intensive care 
Unit; AMI: Acute Myocardial Infarction. MV: Mechanical Ventilation; COPD: Chronic Obstructive Pulmonary Disease.

Table 2. Success and failure of extubation (n = 105)

Success (n = 85) Failure (n = 20) P value
Age, years 50.8 ± 19.6 66.7 ± 15.5 0.001
Male, n (%) 48 (56.5) 11 (55) 1.000
APACHE II 22.1 ± 8.7 26.9 ± 9.0 0.03
SAPS II 54.0 ± 14.6 62.1 ± 15.9 0.03
Days of hospitalization before admittance to ICU 5.9 ± 11.8 14.9 ± 16.1 0.046
Days of stay in UTI 15.1 ± 8.9 28.3 ± 14.0 0.001
Days under VM 10.8 ± 8.2 25.8 ± 13.4 <0.001
FiO2 (%) 35.1 ± 7.3 35.0 ± 5.6 0.937
PaO2 (mmHg) 122.7 ± 46.8 113.0 ± 25.3 0.472
PCO2 (mmHg) 41.4 ± 7.6 41.2 ± 7.5 0.923
Arterial bicarbonate, mEq/L 25.8 ± 3.6 27.5 ± 4.1 0.067
Positive hydric balance, milliliters 2525 ± 1669 1975 ± 1527 0.282
Negative hydric balance, milliliters 1455 ± 1122 2099 ± 2467 0.467
Use of vasoactive drugs, n(%) 20(23.5) 4(20) 1.000

(continua...)
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Success (n = 85) Failure (n = 20) P value
Neurological Disease, n (%) 29(34.1) 5(25) 0.433
COPD, n (%) 10(11.8) 5(25) 0.156
Hospital-acquired infection, n (%) 41 (48.2) 15 (75) 0.031
Death, n (%) 3 (3.5) 9 (45) < 0.001

Data are presented as mean values ± SD (Standard Deviation) unless otherwise indicated. Percentage sum may not attain 100% 
due to rounding of numbers; ICU: Intensive care Unit; SBT: Spontaneous Breathing Trial; APACHE II – Acute Physiology and Chronic 
Health Enquiry; SAPS II – Simplified Acute Physiology Score; MV: Mechanical ventilation; FiO2: Fraction of inspired oxygen; PaO 
2: Arterial partial oxygen pressure; PCO2: carbon dioxide partial pressure; mEq/L: milliequivalents/Liter; COPD: Chronic Pulmonary 
Obstructive Disease.

Table 2
(continuação)

The comparison of variables in cases of 
successful and failure extubation that were fou-
nd as not statistically significant to the outcome 
was the use of vasoactive drugs (VAD), presence 
of neurological disease and/or chronic pulmonary 
obstructive disease, and a positive or negative 
hydric balance (mean values for last 48 hours 
prior to extubation). General mortality rate was 
11.4% (12), 3.5% (3) in successfully extubated 
patients and 45% (9) in those with failed extuba-
tion (p=< 0.001). Table 2

Mean BNP levels assessed immediately 
prior to initiation of SBT and before extubation 
were both lower in the patients who were succes-
sfully extubated, although the difference was not 
statistically significant (p=0.294 and p=0.278); 
average difference between BNP levels, assessed 
before the start of SBT and then before extuba-
tion, was also lower in patients successfully extu-
bated (p=0.233), as was the percentual change 
of BNP values (p=0.492), although both were sta-
tistically insignificant (Table 3).

Table 3. Success and failure of extubation (n = 105)

Success (n = 85) Failure (n = 20) P value
BNP PRIOR to SBT, pg/ml 248,9 ± 448,5 453,7 ± 823,4 0,294
BNP PRIOR to Extubation, pg/ml 257,4 ± 468,2 458,5 ± 775,0 0,278
≠ BNP 38,4  ± 53,2 64,6 ± 80,6 0,233
Δ%BNP 11,3 ± 8,1 18,5 ± 18,0 0,492

Data are presented as mean values ± SD (Standard Deviation) unless otherwise indicated. SBT: Spontaneous Breathing Trial; BNP: 
Brain Natriuretic Peptide; pg/ml: picograms/milliliter;
≠ BNP: difference between two BNP assessments; Δ%: percentage of change between both BNP assessments.

The multivariate analysis by logistic regres-
sion found that patient´s age and the average pe-
riod of hospitalization before transference to ICU 
were both independently associated with extuba-

tion failure. The patient´s APACHE score and ave-
rage period in the hospital before transference to 
ICU were variables independently associated with 
the death of the patient (Table 4).

Table 4 – Extubation failure and death of patient in the logistic regression analysis

OR 95%CI p
Unsuccessful extubation
Age 1.06 1.01 – 1.12 0.001
Days of hospitalization before ICU 1.07 1.01 – 1.12 0.046
Death of patient
APACHE 1.11 1.02 – 1.22 0.03
Days of hospitalization before ICU 1.07 1.01 – 1.13 0.046

OR: Odds Ratio; CI: Confidence interval
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DISCUSSION

The 105 patients admitted to ICU B of the 
Hospital de Clínicas de Marília that were under MV 
for more than 24 hours, were submitted to SBT 
and had their BNP levels assessed in two different 
moments, presented the following epidemiologi-
cal profile: the average age of 53.9 ± 19.8 years, 
predominantly male, submitted mainly to clinical 
treatment. The most common cause for admittan-
ce to ICU was a respiratory related disease, ex-
ternal cause, arterial hypertension, and diabetes 
mellitus. All these findings were similar to those 
of other national and international studies, except 
for the average age of patients, which were you-
nger in the present study(5,6,16,17). 

Compared to patients in national and in-
ternational studies, patients in the present study 
were younger and had higher mean severity sco-
re values(5,6,18). In a national multicentric study(18), 
the average prognostic APACHE II(12) score asses-
sed upon ICU admittance was 19.4 ± 8.3, lower 
than that found in the present study. This indi-
cates a more severe state of our patients when 
admitted to the ICU.

The average period of days under MV of 
our patients was higher than that reported in si-
milar studies, which indicate an average of 5 to 
7.7 days(5,6). The difference between this period 
in the present study and a national multicentric 
study could be related to the populations consi-
dered in each. Our study considered all patients 
under MV for more than 24 hours. The multicen-
tric study excluded patients whose clinical cha-
racteristics would probably lead to difficulties in 
WMV (readmitted patients, moribund and preg-
nant patients, and those with abstinence syndro-
me). Also, our patients were submitted mainly to 
medical treatment while, according to Franca et 
al.(19) in a prospective cohort study conducted in 
12 ICU wards of the HC da Faculdade de Medicina 
da Universidade de São Paulo, hospitalization of 
patients undergoing surgical treatment seems to 
have a protective effect, and was associated to a 
shorter period under MV and lower death rates in 
patients staying in the hospital and the ICU.

The success rate of extubation for the 105 
patients submitted to an SBT and two BNP asses-
sments was 81%, higher than the 54% success 

rate reported in the national multicentric stu-
dy(5), and the 53.3% and 62.5% success rate in 
two other international studies(20,21). On the other 
hand, 19% of the patients in the present study 
required tracheal reintubation and were conside-
red failed extubation cases, which was compatible 
with numbers seen in other national and interna-
tional studies that reported a 6.1 to 28% rate of 
patient reintubation(5,6,21,22,23).

The present study investigated the varia-
bles that were found to be associated with WMV 
and if the BNP levels from two different moments, 
before initiating SBT and prior to extubation, 
could accurately predict the extubation success 
or failure.

Variables associated with extubation failure 
were: APACHE II and SAPS II scores, number of 
days of hospitalization prior to ICU admittance, 
number of days in the ICU, number of days un-
der MV and occurrence of hospital-acquired in-
fections. According to Freitas et al(24) an APACHE 
II score of < 16 and a period of < 8 days under 
MV were the conditions found to be statistically 
significant to successful extubation by a logistic 
regression analysis to assess the simultaneous 
influence of medical and mechanical factors in re-
sult of WMV. 

All successfully extubated patients were ad-
mitted to the ICU earlier than those with failed 
extubation. According to Franca et al (19), a wait 
of more than 4 days for an opening in an ICU is 
a factor for the risk of death in patients suffering 
from respiratory insufficiency.   

The difference between positive and/or 
negative absolute HB values in the 48 hours be-
fore extubation from successful and from failed 
extubation cases was not statistically significant. 
Zapata et al(25) found consistently positive HB 
values in patients that would then fail SBT, es-
pecially those with cardiac insufficiency. However, 
a patient´s HB value alone was not accurate in 
predicting failure of SBT and the patient´s last 
48-hour HB values were not associated with their 
SBT result. 

Antônio et al(26) did a prospective study of 
patients submitted to MV and found no association 
between the patient´s last 48-hour HB values and 
the result of their SBT, except for patients with 
chronic pulmonary obstructive disease (CPOD). 
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These patients showed lower positive HB values 
than other patients, probably due to interaction 
between pulmonary and cardiac physiology, whi-
ch seemed to have a positive effect on the result 
of their SBT. Although WMV failure and a positive 
HB were found to be associated, cause and effect 
were not clear. In any case, it remains to be seen 
If HB values alone actually interfere with the pa-
tient’s improvement, or if it is merely a confusing 
factor, related to disease severity.  

BNPs are sensitive markers of myocardial 
damage, and fluctuation of BNP serum levels du-
ring SBT has been regarded as a predictor for 
WMV outcome. Variation in post-loading of the 
left ventricle, with subsequent subclinical pulmo-
nary congestion or outright pulmonary edema, is 
common during SBT and the fluctuation of BNP 
blood levels, which have an estimated 20 minute 
half-life, can be useful for detecting this occur-
rence(27).

In our study, all patients extubated succes-
sfully presented a lower rise in BNP plasma levels 
than those with failed extubation. Similarly, the 
absolute difference and the percentage variation 
were both lower in patients successfully extuba-
ted compared to those where the process was fai-
led. However, although both absolute and relative 
BNP values were different, these were not statis-
tically significant according to the univariate and 
the multivariate analysis.

The only association between BNP and out-
come of WMV found by Mekontso-Dessap et al(28) 
was an elevated basal BNP level in patients with 
unsuccessful WMV and, according to Farghaly et 
al(20), the absence of association between blood 
BNP levels during SBT and the success of extu-
bation found by those authors is related to the 
duration of SBT. Mekontso-Dessap et al(28) collec-
ted two different samples spaced apart by only 
01 hour. According to Farghaly et al(20), ideally a 
second blood sample should be collected 02 hours 
after initiation of SBT, a strategy which they con-
sider responsible for their results. These authors 
found a positive association between changes in 
BNP levels (Δ%BNP) and the success of extuba-
tion.

Still, according to Farghaly et al(20), when 
compared to other parameters such as Rapid 
Shallow Breathing (RSBI) and Minute Volume 

lower than 10 liters/minute, a Δ%BNP ≤ 14.9 
with the collection of second sample 2 hours into 
the SBT presents better sensibility, specificity and 
positive and negative predictive value (respecti-
vely 81.25%, 65%, 65% and 70%).

The present study contradicts those from 
many studies(9,10,11,20,21,25,27,28) in which an associa-
tion between BNP levels and the result of patien-
t´s SBT was found. This could be related to the 
duration of SBT. An SBT performed in less than 2 
hours would not trigger a cardiac overload that 
would release a level of BNPs that could identify 
patients who will probably undergo failed extu-
bation(11,20,21,28,29). Based on each patient´s condi-
tion and response, as indicated in BRMV 2013(3), 
the duration of SBT in the present study varied 
from 30 to 120 minutes. This could have interfe-
red with our results since according to Maraghi et 
al(21), the duration of SBT has a great influence on 
BNP levels. Because of BNP half-life, plasma le-
vels would only begin to rise after about 2 hours, 
a longer period than considered in our study.

In our study, BNP percentage variation was 
lower in successfully extubated patients. These 
values were close to the cut-off indicated by Ma-
raghi et al(21) and inside the range found in a sys-
tematic study review(27).

A recent meta-analysis and systematic re-
view(27) showed that relative BNP variation during 
SBT, Δ%BNP, seems to be a valuable predictor for 
successful extubation following a successful SBT. 
However, a specific limit could not be calculated 
or validated by the meta-analysis. On the other 
hand, many studies reported a Δ%BNP of 13 to 
20%. Their results were not enough to define the 
use of only Δ%BNP, not associated with conven-
tional SBT, as a predictor of extubation outco-
me. Similarly, assessment of ΔBNP, of BNP levels 
before and of BNP levels after SBT, could not be 
considered alternative or contributing indicators 
of SBT efficacy for predicting successful extuba-
tion due to insufficient data. The authors suggest 
the need for a deeper investigation of the use of 
Δ%BNP as an alternative or contributing tool to 
SBT, and the prospective validation of specific li-
mits, which would be done in the following stage 
of their study.

In the present study, patients with extu-
bation failure presented much higher, although 
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not statistically significant, BNP levels during 
SBT, which were also found in many similar stu-
dies(5,10,20,21,25,27,28,29). Although these studies indi-
cate a direct association between elevated BNP 
levels during SBT and extubation failure, our data 
could not confirm any association between BNP 
levels and extubation outcome. 

In the conduction of the present study se-
veral limitations were identified, including the 
small number of patients submitted to SBT and 
two BNP assessments. Another was the absen-
ce of classification of pulmonary compromise in 
the patients, with the exclusion of patients with 
higher severity and more comprised lungs. Ac-
cording to Deschamps et al(27), more studies are 
needed to define BNP as a predictor of extuba-
tion outcome. 

CONCLUSION

Although older and with higher severity 
scores, patients in the present study presented a 
higher rate of successful extubation than reported 
in similar studies. On the other hand, the mor-
tality rate of our patients with extubation failure 
was higher.

Our data is in accordance with reports from 
studies that suggest that patient´s age, severity 
score, length of hospital stay before ICU admittan-
ce, length of ICU stay, days under MV and infection 
occurrence were all variables associated with as 
much extubation failure as to the risk of death. 

A direct association between BNP levels and 
successful extubation and the usefulness of as-
sessing BNP in the conduction of WMV was not 
confirmed.
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