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Abstract
Purpose: An increase of NT-proBNP has been proved 
to be a predictor for ventilator weaning failure in several 
medical conditions. However, relation between NT-proBNP 
and ventilator-weaning outcomes after cardiac surgery 
has not yet been elucidated. This study was to investigate 
relationship between blood NT-proBNP and ventilator-
weaning outcomes.

Methods: A prospective analytical study was at Cardiovas-
cular-thoracic intensive care unit. Cardiac-surgery patients 
(age 18-80 Y, consented and without exclusion criteria) 
were included. Blood NT-proBNP was sampling at pre-op-
eration time and at weaning. Early-weaning outcomes 
were categorized into simple, difficult, and prolong wean-
ing. Late-weaning outcomes were reintubation and suspi-
cious cardiopulmonary compensations. Blood NT-proBNPs 
were compared among/between early and late-weaning 
outcomes. Area under the curve and sensitivity/specificity 
at various cut-off values for poor weaning outcomes were 
analyzed.

Results: A final of 134 patients were analyzed. The mean 
NT-proBNPs (pre-operation and weaning) were 1,417.8 and 
4,532.5 pg/ml, respectively. wide variations of NT-proBNPs 
were observed. NT-proBNPs were not significantly related 
to difficult, prolong, and reintubation; but significantly related 
to suspicious cardiopulmonary compensations. AUC range 
were 0.43-0.65.

Conclusions: NT-proBNP increased 4-5-fold after cardiac 
surgery. A significant increase was related to sympathetic 
activation, not weaning-induced LV load. Due to low 
sensitivity, NT-proBNPs were not good predictors for 
difficult or prolong weaning and reintubation in post cardiac 
surgery.
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Introduction
Weaning mechanical ventilation in post cardiac sur-

gery has remained problematic, especially in insufficient 
cardiopulmonary reserve patients. Too early weaning 
ventilation might stimulate the exaggerate inflamma-
tion process [1]. The over cardiopulmonary compensa-
tions that occur during ventilator weaning might lead to 
lethal acute respiratory and heart failure [2-4].

Recently, an increase of blood N-terminal pro B-type 
natriuretic peptides (NT-proBNP) has been used to 
monitor left ventricular (LV) distension [5-7]. During 
ventilator-weaning, spontaneous breathing trial (SBT) 
leads to a decrease of intrathoracic pressure that 
brings about an increase of venous return and then LV 
loading [6]. NT-proBNP are increasingly secreted during 
LV wall stress [7]; therefore, an increase of blood NT-
proBNP has been assumed to be impending heart 
failure (HF) and indicates poor weaning outcomes. 
Some past investigations showed the fruitful results 
of both preoperative and postoperative NT-proBNP 
predicting weaning failure [8-11]. However, the past 
studies focused the scope of outcomes only WF, which 
were failed SBT and reintubation. We considered that 
some cases presented ambiguous signs of intolerance 
which leaded to difficulty in decision making of 
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Weaning protocol
After ICU admission, initial setting of CMV with 

pressure-controlled ventilation (FiO2 = 0.6-1.0, Pi to 
achieve TV of 8 ml/kg, respiratory rate (RR) = 12 bpm, 
PEEP = 5-7 cmH2O) were provided as appropriated. 
The initial weaning was started if the patients were 
hemodynamically stable, as defined by the absence 
of bleeding (chest tube drainage < 300 ml/h for 2 h), 
low-dose of epinephrine/norepinephrine (< 0.1 mcg/
kg/min), low-dose of dopamine, dobutamine (< 3 mcg/
kg/min), heart rate (HR) < 120 bpm, and adequate 
pulmonary reserve, as defined P/F ratio > 300, vital 
capacity > 10 ml/kg. Also, other parameters were within 
normal values. Then, the degree of ventilatory support 
was reduced as stated in the institution protocol of 
weaning process (started at SIMV; RR 6-8 bpm, at the 
previous setting of Pi, and pressure support (PS) 5-10 
cmH2O, adjusted to SIMV; RR 4 bpm, PS 5 cmH2O). SBT 
(CPAP 5-8 cmH2O or t-piece) was started then if the 
patients were still awake and hemodynamically stable 
after the SIMV weaning process. Time duration of SBT 
test was planned maximum at 60 min.

At the process of weaning (SIMV or SBT), 
discontinuation of weaning was decided if the patient 
presented with one or more of the following: RR 30 
bpm; HR > 120 bpm; SpO2 < 90% or PaO2 < 60 mmHg; 
respiratory acidosis (pH < 7.3 or PaCO2 > 50 mmHg); 
signs of respiratory distress [13,14].

Increase of ventilatory support (SIMV; RR 4-8 bpm 
with PS 5-10 cmH2O or else as appropriate). Treatment 
for causes of weaning discontinuation were also 
provided. Weaning process was re-established when 
patient conditions met the weaning criteria.

Extubation was done in patients who had not one 
of the above-mentioned signs at 60 min of SBT. Post-
extubation respiratory care including reintubation was 
provided as indicated in the institution protocol.

Early and late-weaning outcomes
Early-weaning outcomes were assessed and 

categorized into 3 characteristics [15]. Simple weaning 
(SIMPLE) was defined as extubation in the first attempt 
of SBT or extubation was done within 12 h after the begin 
of weaning. Difficult weaning (DIFFICULT) was defined 
as failure of the first attempt of SBT or extubation was 
done within 48 h and prolong weaning (PROLONG) was 
defined as extubation was not successful within 48 h 
after the begin of weaning.

Late-weaning outcomes were assessed after 
extubation for 3 days into 2 aspects. First, cardiac and 
pulmonary compensations that were probably beyond 
normal compensations (or suspicious compensations) 
were observed. Suspicious cardiac compensations 
were defined as new arrhythmias, urine output < 
0.5 ml/kg/h, Blood pressure (BP) and HR changed > 

weaning management [12]. NT-proBNP might be 
helpful such of this condition. This study was primarily 
aimed to investigate blood NT-proBNP was related 
to 1) Early ventilator-weaning outcomes (simple, 
difficult, and prolong) and 2) Late ventilator-weaning 
outcomes (reintubation). The secondary objective was 
qualification of NT-proBNPs as tools to indicate poor 
ventilator-weaning outcomes.

Methods
The study was a prospective observational study 

(Clinical Trial Registry Number = TCTR20181011003) 
that was approved by the Medicine Faculty of Chu-
lalongkorn university Ethics Committee (IRB no. 213-
60, Date of Approval: June, 15, 2017-2018), and written 
informed consent was obtained from all patients. We 
included all of the patients aged 18-80 years who un-
derwent elective cardiac surgery with CPB at Chulalong-
korn Hospital. The study period was June, 2017 to June, 
2018. The exclusion criteria were chronic renal failure 
needed dialysis, IABP or ECMO or positive ventilatory 
support or oxygen therapy needed before surgery and 
consent refusal. The patients were anesthetized ac-
cording to our standard institutional protocol for open 
heart surgery. Anesthesia was induced by fentanyl (2-3 
mcg/kg), midazolam (0.05-0.1 mg/kg) or with etomidate 
(0.2-0.3 mg/kg), and pancuronium bromide (0.1 mg/kg). 
Anesthesia was maintained with sevoflurane and fen-
tanyl as needed. After the tracheal intubation, all of the 
patients received invasive mechanical ventilation with 
a tidal volume (TV) of 8 ml/kg, positive end-expiratory 
pressure (PEEP) of 5 to 8 cmH2O, and fraction of inspired 
oxygen (FiO2) of 0.6 to 1 to maintain the arterial oxy-
gen saturation above 95%. During surgery, the patients 
were established a central venous line and indwelling 
radial artery catheter. Pre-operative information, in-
cluding demographic data, pre-operative left ventric-
ular ejection fraction (LVEF), Cardiac Risk Index (CRI) 
and basic laboratory data were obtained for all of the 
patients. The intraoperative data, including the cardiac 
procedure and CPB duration, fluid or blood (product) 
replacement and the use of inotropes or vasopressors, 
were also recorded. Postoperative laboratory data was 
obtained approximately an hour (h) after ICU arrival.

Blood samples were collected from indwelling 
radial catheter before surgery (NT-proBNP pre) and 
at 10-20 min after beginning the first episode of 
ventilator-weaning (NT-proBNP wean). Blood samples 
(3 ml) were collected into tubes containing 2 mg/
ml ethylenediaminetetra-acetic acid (EDTA), blood 
samples were centrifuged at 2390 g for 5 min to obtain 
plasma, which was stored at 20 °C prior to analysis. NT-
proBNP was measured using a commercially available 
immunoassay kit (Elecsys pro BNP; Roche Diagnostics, 
Basel, Switzerland) by laboratory staffs. The results of 
NT-pro BNP analysis were disclosed later and not used 
for any decision makings.
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the study: 40 of female (29.9%), 94 (70.1%) of male. 
The mean age was 58.1 + 12.47 Y. The operations were 
55 of CABG (44%), 44 of valvular surgery (32.8%), 16 of 
combined surgery (11.9%), 13 of aortic surgery (9.7%), 
and 6 of congenital surgery (4.5%). CRI > 2 was in 91 
(67.9%) patients.

Regarding early-weaning outcomes, there were 101 
of SIMPLE (74.5%), 25 of DIFFICULT (18.7%) and 8 of 
PROLONG (5.9%). Two patients in PROLONG needed 
ventilatory support more than a week; thus, these 
patients did not include in statistical analysis for late-
weaning outcomes. Regard to late-weaning outcome, 
reintubation was found in 6 patients (4.6%); 5 of 
them were reintubated within 24 h and the other was 
reintubated within 48 h after extubation. Suspicious 
cardiac and pulmonary compensations were found in 62 
(46.3%) and 50 (37.3%) patients respectively. The most 
common sign of suspicious cardiac compensation was 
paroxysmal supraventricular dysrhythmias. The most 
common signs of suspicious pulmonary compensation 
were tachypnea (RR > 24 bpm).

Demographic, intraoperative, and laboratory data 
were classified (Table 1). Elderly, low pre-operative and 
postoperative GFR were significantly related to PRO-
LONG and REINTUBATION. The mean of pre-operative 
WBC in REINTUBATION was a very much increase with 
significant difference. There was a significant lower 
postoperative hematocrit in REINTUBATION. LVEF was 
totally averaged 58.1% [95% CI: 55.8-60.4].

The mean NT-proBNP pre and NT-proBNP wean 
were 1,417.8 pg/ml (95% CI [1,100-1,700], Range [39-
8,937]) and 4,532.5 pg/ml (95% CI [3,460-5,600], Range 
[46-35,000]) respectively. NT-proBNP wean was much 
higher than NT-proBNP pre with statistical significant 
(P-value = 0.001). The NT-proBNP pre was not 
significantly different among type of operation (P-value 
= 0.676).

The mean NT-proBNP wean of PROLONG was 8243.2 
with 95% CI [-476-17,000], which was higher than the 
mean NT-proBNP wean of DIFFICULT that was 5114.5 
with 95% CI [2,240-7,980] and the mean NT-proBNP 
wean of SIMPLE that was 4,094.4 with 95% CI [3,030-
5,150]. The mean NT-proBNP wean was the highest value 
and the widest variation without statistical significance. 
The mean ratio of increased NT-proBNP after cardiac 
surgery in total was 4.82 with 95% CI [3.8-4.82]. None 
of significant difference of NT-pro BNP indices among 
early-weaning outcomes and REINTUBATION was 
detected (Table 2).

Significant higher values of both NT-proBNP pre and 
NT-proBNP wean in who presented suspicious cardio-
pulmonary compensations (Table 3). Demographic, in-
traoperative, and laboratory data were not significant 
difference when compared between NONE and existed 
pulmonary compensation. But for cardiac compensa-

15-20% of the values before extubation. Suspicious 
pulmonary compensations were defined as RR > 24 
bpm, oxygen therapy/non-invasive positive ventilation 
added, and thoracoabdominal dyssynchrony. Second, 
cardiopulmonary decompensations that needed 
intubation and ventilatory support (REINTUBATION) 
was counted.

Poor ventilator-weaning outcomes
In the present study, poor ventilator-weaning out-

comes included difficult weaning, prolong weaning, re-
intubation and suspicious cardiopulmonary compensa-
tions.

Statistical analysis
The baseline characteristics, basic laboratory data, 

the intra-operative data, the measured values of NT-
proBNP pre and NT- proBNP post, and the transformed 
values of NT-proBNP (difference: NT-proBNP wean 
minus NT-proBNP pre, ratio: NT-proBNP wean divided 
by NT-proBNP pre) were compared regard to the early 
weaning outcomes. Continuous data analyzed by 
ANOVA and post-hoc test (Tukey-Kramer procedure). 
Non-continuous data analyzed by chi-square test and 
post-hoc test (Fisher exact test).

Reintubation were described with frequency and 
percentage in total events. Additionally, Suspicious 
cardiac and pulmonary compensations were inde-
pendently described with frequency and percentage in 
total events. The measured and transformed values of 
NT-proBNP were compared between reintubation and 
no reintubation (None), also between existed (EXIST) 
and no (NONE) suspicious cardiopulmonary compensa-
tions by independent t-test or Mann Whitney U test.

The receiver operating characteristic curve (ROC) 
were analyzed for poor weaning outcomes by all the NT-
proBNP indices (the measured and transformed values 
of NT-pro BNP) to identify AUC. Sensitivity and specificity 
were analyzed on various cut off values of NT-proBNP 
at wean. The statistical analyzes were performed using 
SPSS version 11.0 (SPSS Inc., Chicago, IL). A two-sided 
P-value of 0.05 was considered statistically significant.

The sample size was calculated from an incidence of 
reintubation of in post cardiac surgery of 6.6% [16] and 
the reported rate of prolonged ventilation > 48 h up to 
9% [17,18]. The calculate sample size at the confidence 
level 95% was 126 samples [19]. Additional 20% of the 
calculated sample size was planned to enroll.

Results
There were totally 156 patients enrolled in this study. 

Incomplete blood sample taken were in 11 patients; 4 
patients were extubated in OR; 4 patients had serious 
cardiovascular instability so that SBT could not be 
provided within 24 h; and management errors lead to 
missing in 3 patients. Finally, 134 patients remained in 
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tions, significant differences were found in CPB time 
(P-value = 0.044), PRC transfusion (P-value = 0.020), and 
postoperative hematocrit (P-value = 0.001). The CPB 
time of EXIST and NONE were 154.8 (95% CI = 144-166) 
and 125.6 (95% CI = 118-133) min, respectively. Intraop-
erative PRC transfusion of EXIST and NONE were 429.1 
(95% CI = 350-528) and 324.6 (95% CI = 281-368) ml, 
consecutively. Postoperative hematocrit of EXIST and 
NONE were 29.7% (95% CI = 28.6-30.9) and 31.3% (95% 
CI = 30.2-32.4), respectively.

ROC analysis demonstrated that AUC of the NT-
proBNP indices on poor ventilator-weaning outcomes 
were approximately 0.43-0.65 (Table 4). NT-proBNP 
wean was used to calculate sensitivity, specificity, and 
accuracy on various cut-off values. Fair sensitivity and 
specificity were demonstrated (Table 5).

Discussion
As BNPs and its derivatives are increasingly secreted 

by left ventricular cells in case of LV distention. Besides, 
a short period of LV distention after weaning might lead 
to acute HF. However, in the moment of impending HF, 
a high value of BNP/NT-proBNP might help to predict a 
near future HF. As a result, hypotheses of using BNP/NT-
proBNP as an indicator for ceasing ventilator weaning in 
order to avoid disaster HF were tested as follows. Chien 
JY, et al. [20] investigated in total 52 patients with acute 
respiratory failure (ARF). SBT trial was done after causes 
of ARF were treated. He observed ‘failed SBT’ (at 120 
min) in aspect of ‘extubation failure’ and found patients 
who failed SBT had significant higher mean value of 
BNP than another group of ‘extubation success’ [20]. 
Zapata L, et al. [9] studied in total 100 SBT-trial patients 
measuring clinical AHF and ARF as the end points. They 
found significant higher values of BNP and NT-proBNP in 
patients who had AHF and ARF. He also demonstrated 
the cut-off point of NT-proBNP was 1,343 pg/ml [9]. 
Gerbaud E, et al. [8] studied in 44 patients after AHF 
that diagnosed by echocardiography. During SBT, they 
found the mean NT-proBNP of ‘failed SBT’ group was 
over 8,000 pg/ml and the cut-off level was 3,900 pg/
ml [8]. Lara TM, et al. [21] investigated in total 101 
post CABG with the end point of WF (defined as failed 
the first SBT within 60 min together with reintubation 
within 48 h). The author concluded that increases of 
BNP during SBT was associated with postoperative 
complication and WF [21]. Ma G, et al. [22] studied in 
total 51 postoperative cancer patients with pulmonary 
complications. The measured outcome was WF (defined 
as reintubation within 48 h). They demonstrated an 
increase of NT-proBNP in the WF group also analyzed 
the NT-proBNP cut-off value that was < 448 pg/ml 

indicated weaning success with 68% of sensitivity and 
85% of specificity [22]. Despite the fact that all the 
mentioned studies demonstrated favourable results, 
some inconsistency were notice, such as differences in 
the outcome measurement of WF, the contexts, and 
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Regard to late weaning outcomes, this present 
paper demonstrated that all the NT-proBNP indices 
were not related to REINTUBATION. Since all the 
reintubation events in the present study were occurred 
in more than 24 h after extubation, we thus proposed 
that the cardiac-in-origin might not be a major cause 
of reintubation in that period of time. Based on, the 
study findings, more advance age, higher pre-operative 
WBC count, more severity of postoperative anemia, 
and lower pre and post-operative GFR were found in 
REINTUBATION with statistical significance. Past studies 
demonstrated and explained that these factors were 
related to muscle weakness. For examples, a large scale 
study (n = 8.809) that reported patients who had low 
GFR (< 60 L/min/1.73 m2) was significantly associate 
with having restrictive lung pathology (low FVC and 
FEV1/FVC) [29]; postoperative anemia especially in 
elderly has been investigated that anemia was related 
to pulmonary complication due to muscle cellular 
oxygen deprivation [30]. Furthermore, there was a time 
gap before reintubation that some new serious events 
(such as sudden stroke, pleural effusion, and pulmonary 
embolism) could possibly happen after cardiac surgery. 
That means postoperative reintubation is caused by 
more component of non-cardiac causes than cardiac 
causes. As a result, this study found that NT-proBNP 
wean could not predict reintubation in post cardiac 
surgery.

We consider that suspicious cardio-pulmonary 
compensations occurred after extubation might be 
warning signs of serious conditions. Therefore, we 
postulated that increases of NT-pro-BNP at weaning 
indicate LV loading that might probably be relevant to 
poor LV function. As being poor LV function, cardio-
pulmonary compensations might occur in a high 
degree of severity after extubation. Interestingly, this 
study found NT-proBNP wean also NT-proBNP pre was 
significantly higher in patients who presented suspicious 
cardiac and pulmonary compensations than who had 
not. Past studies mentioned that NT-proBNP acts as 
neurohormonal mediators and is secreted in case of 
sympathetic activation [28,31]. That meant patients 
who had suspicious cardiopulmonary compensations 
after extubation had previously exposed to sympathetic 
activation in both pre-operative and intra-operative 
periods. Intra-operative conditions that induced 
sympathetic activation were longer CPB time and more 
PRC transfusion. In spite of the significance of NT-
proBNPs (between EXIST and NONE) and the analysis 
was done under the sufficient sample sizes (> 30 both), 
probabilities to predict suspicious cardiopulmonary 
compensations (approximately 0.63) was not good 
enough to accept NT-proBNP as a predictive index. 
Corresponding to a meta-analysis by Litton E, et al. 
they demonstrated the probability of association 
between NT-proBNP and atrial fibrillation after cardiac 
surgery was 0.6 [32]. In sum, an increase NT-proBNP 

the cut-off values. Therefore, it was still questionable 
to apply NT-proBNP as a weaning index in post cardiac 
surgery.

In the present study, we designed to study NT-
proBNP due to its stability in blood circulation. Unlike 
the previous studies, we observed and separately 
evaluated into early and late-weaning outcomes. For 
the early-weaning outcome, we did not categorized the 
weaning outcome into dichotomous outcomes (success 
or failure). As we considered that it was impossible to 
need NT-proBNP assisted decision making of extubation 
in the SIMPLE. Also, we considered that the DIFFICULT 
was the patients needed a delay of weaning for a short 
period for some easy and correctable causes that might 
not be the same causes of the PROLONG. As a result, 
the analysis that took 3 situations into account were 
more reasonable and applicable than taking only the 
success and the failure into accounts. In other words, 
lesser selection bias than the previous studies. Unlike 
previous studies, we evaluated late WF (reintubation) 
separately from early WF (failed SBT and Prolong) since 
we considered that reintubation which was counted 
as long as 48 h might be caused by factors that were 
different from early WF. In addition, we designed to 
collect blood sampling once at SIMV since proceeding 
to SBT would be harmful for those who had suboptimal 
cardiopulmonary reserve but presented ambiguous 
signs of intolerance. As a result, the present study was 
more applicable and lesser measurement bias than the 
previous studies.

Jogia PM, et al. [23] demonstrated postoperative NT 
proBNP is a 4-fold higher than pre-operative values after 
cardiac surgery [23]. Corresponding to the mentioned 
study, we found the average NT proBNP wean was 4,500 
pg/ml and the average ratio of increases was 4.8. Causes 
to an increase of NT-proBNP after cardiac surgery has 
not been obviously elucidated. But, inflammation (IL-6) 
was demonstrated to be associated with the increase 
of NT-proBNP [24]. That means increases of NT-proBNP 
are caused by inflammation itself without LV distension 
[25-27]. As known, post cardiac surgery are related to 
much degree of inflammations.

The present study demonstrated that NT proBNP 
wean was the highest value in the PROLONG, which 
were more advance age, lower pre-operative and 
postoperative GFR than the others. Like previous 
reports, these characteristics were demonstrated 
associated prolong mechanical ventilation [18]. 
However, these characteristics were associated with 
increase of NT-proBNP due to low excretion of NT 
proBNP induced by renal dysfunction [28]. As a result, 
increase NT-proBNP after cardiac surgery especially in 
who needs prolong ventilation is most likely interfered 
by characteristics of patients. Therefore, postoperative 
NT-proBNP that increases during ventilator weaning 
could not confirm it is solely the pure effect of weaning-
induced LV load.
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Conclusions
The present study revealed an 4-5-fold increase of 

NT-proBNP after cardiac surgery. The increase of NT-
proBNP after cardiac surgery are from other causes 
than weaning-induced LV load. Sympathetic activity 
was significantly related to increase of NT-proBNP. NT-
proBNP pre and NT-proBNP wean were less likely to be 
a predictor for poor weaning outcomes after cardiac 
surgery due to lack of sensitivity.
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was significantly associated with postoperative 
cardiopulmonary compensations but was not good to 
be a predictive index.

We analyzed the indices of NT-proBNP to evaluate 
their feasibilities as a predicted tool indicating the 
poor weaning outcomes. The analysis showed all of 
the probabilities were less than 0.7, which should be 
interpreted that NT-proBNP was not a good predicted 
tool for poor weaning outcomes. However, we tried 
to analyze sensitivity and specificity by using the 
recommended cut-off values from the past studies. We 
found overall low sensitivity. Reasons of low sensitivity 
in the context of cardiac surgery were as follows. The 
first reason was a wide range biological variability of 
NT-proBNP. Past investigations demonstrated biological 
variability of NT-proBNP [33,34]. Despite there have not 
been clear understanding of the biological variability, 
but anemia was reported to be an independent factor 
to cause 54% variability of NT-proBNP [35]. In fact, 
events of acute or chronic anemia are common in the 
peri-operative cardiac surgery. The second reason was 
variability of secretion depending on cardiac pathology. 
In other words, not all LV distension secretes NT-
proBNP. Some past studies reported that a reversible 
NT-proBNP secretion in particular LV pathologies. Zheng 
YR, et al. found a low NT-proBNP instead of an increased 
value in AHF caused by ischemia [36]. Lemaire F, et al. 
[37] found that NT-proBNP would not be rising in case 
of an increased PAOP but no an increase of LVEDV 
[37]. In sum, the mechanism of NT-proBNP secretion 
is still unclear and more complexity than we have ever 
postulated. Finally, long-lasting of NT-proBNP (up to 
120 min) leads to increase opportunity of detection, 
however at the time of investigation, high level of NT-
proBNP was more likely to occur by accumulation than 
by the recent secretion of weaning-induced LV loading. 
Therefore, repeated stimulations of secretion that 
commonly occur in cardiac surgery can cause a high 
value of NT-proBNP in the first postoperative day. In 
sum, appearance of blood NT-proBNP in cardiac surgery 
are multi-factorial. LV distension or loading is not the 
only factor to increase NT-proBNP.

Despite the main results of this present study were 
in negative finding, but the results regarding patients’ 
characteristic promoted our ideas that 1) Appearance 
of blood NT-proBNP depends much degree on renal 
function and 2) Weaning failure especially reintubation 
after cardiac surgery does not cause only by cardiac-
in-origin. The limitation in the present study was the 
sample size of PROLONG and REINTUBATION was small. 
Therefore, we could not perform subgroup analysis. For 
future studies, to prove the usefulness of NT-proBNP 
in cardiac surgery should consider renal insufficiency 
as a major confounding factor whereas no past study 
focused.
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