
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(6):3319-3328jtd.amegroups.com

Introduction

Approximately 9–35% of patients develop acute respiratory 
failure (ARF) after cardiac surgery; the incidence of ARF is 
higher in patients undergoing complex surgical procedures 
(1-3). Post-extubation ARF is a serious complication of 
cardiac surgery and may increase the stay at the intensive 

care unit (ICU) and in-hospital mortality (4,5).
Studies have reported that the use of noninvasive 

ventilation (NIV) in patients with ARF may avoid the need 
for re-intubation after cardiac surgery (2,6). A meta-analysis 
of trials compared NIV and conventional management 
after cardiothoracic surgery and showed that the use of 
NIV improved the patients’ oxygenation and decreased the 
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need for re-intubation. Re-intubation in patients receiving 
NIV after cardiac surgery was observed in 6–52% of cases 
(7,8). However, evidence also indicates that the use of NIV 
in patients with ARF did not decrease the incidence of 
re-intubation and in-hospital mortality (9,10). Emergent 
re-intubation after NIV failure may result in significant 
hemodynamic instability, increasing the risk of nosocomial 
infections, mortality, and stay at the ICU (11,12).

Numerous studies have suggested that NIV is useful in 
certain patient populations (5,7,13). Identifying patients 
with a considerable risk of NIV failure may alert clinicians 
early that conventional mechanical ventilation might be 
appropriate. An interval of <24 hours from extubation to 
NIV has been identified as a risk factor for NIV failure (10). 
A randomized controlled single-center trial examined 
the predictors of NIV failure in patients with ARF after 
extubation and concluded that an Acute Physiologic 
Assessment and Chronic Health Evaluation (APACHE) II 
score >20 was an independent risk factor for noninvasive 
positive pressure ventilation (14). Further research is 
required to accurately determine the predictors of NIV 
failure.

The primary objective of this study was to estimate in-
hospital mortality and the length of the stay at the ICU in 
patients who developed ARF and were initially treated with 
NIV after cardiac surgery. The secondary objective was 
to identify the risk factors for NIV failure in patients with 
post-extubation ARF. 

Methods

Study population

We conducted a retrospective observational study at a  
29-bed ICU of an academic hospital between March 
2013 and April 2014. Data were collected from patients 
who underwent cardiac surgery and developed ARF after 
extubation. Patients receiving NIV only during procedural 
sedation and those receiving NIV to prevent ARF were 
excluded. This study was approved by the Committee on 
Ethics of Biomedicine Research, Second Military Medical 
University, Shanghai (No. SMMUEC2018-012). 

ARF was diagnosed when a patient satisfied one or both 
the following criteria: (I) arterial partial pressure of carbon 
dioxide (PaCO2) ≥50 mmHg or arterial partial pressure 
of oxygen (PaO2) <80 mmHg with a fraction of inspired 
oxygen (FiO2) >40%; (II) evidence of moderate to severe 
respiratory distress, tachypnea (respiratory rate >30 breaths/

min, use of accessory muscles for respiration). 

Data collection 

The following data were collected for each patient: age, 
sex, weight, height, body mass index (BMI), overweight  
(BMI ≥25 kg/m2), ventricular ejection fraction (EF), 
duration of NIV, associated diagnoses, and data for 
calculating the EuroSCORE (European System for Cardiac 
Operative Risk Evaluation). The duration of NIV was 
defined as the time from the initiation of NIV to either re-
intubation or successful transition to breathing through a 
nasal cannula. The following data were collected before 
commencing NIV: heart rate, respiratory rate, vasoactive-
inotropic score {dosages of dopamine + dobutamine  
(μg/kg/min) + [dosages of epinephrine + norepinephrine 
+ isoproterenol (μg/kg/min)] ×100 + dosages of milrinone  
(μg/kg/min) ×15} (15), time elapsed since extubation (in 
hours), days of intubation before extubation, dysfunction 
involving two or more organ systems, pneumonia or sepsis 
(culture-proven or suspected), arterial pH, FiO2, PaCO2, 
PaO2, and white blood cell count.

Extubation criteria

Tracheal extubation was performed according to a 
standardized protocol for ventilator weaning used in 
our ICU. Patients were extubated when they met the 
following criteria: awake, cooperative, with no evidence of 
neurological deficits; stable hemodynamic status with no 
requirement for high-dose vasoactive-inotropic support; 
urine output >0.5 mL/kg/h; no severe arrhythmia; PaO2 
>80 mmHg with FiO2 <40% and positive end-expiratory 
pressure ≤5 cmH2O; normal PaCO2 after a trial of pressure 
support of ≤10 cmH2O for at least 30 minutes.

NIV technique

Two methods of NIV were used in this study: continuous 
positive airway pressure (CPAP) and bilevel positive airway 
pressure (BIPAP). The decision of whether to use CPAP or 
BIPAP was made by the ICU attending physician. Three 
types of ventilators were used in this study: EVITA 4  
(Drägerwerk, Lübeck, Germany), Elisee 350 (ResMed, 
New Zealand, Australia), and Vela (Bird, Caspian, USA). 
The PSV mode was used for NIV treatment. The NIV 
was administered by a dual-limb Y ventilator circuit, 
consisting of an inspiratory limb, a patient connector, and 
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an expiratory limb. A nasogastric tube was inserted in all 
patients before the initiation of NIV to prevent gastric 
distension and emesis. 

Re-intubation criteria

The decision to re-intubate was made by the ICU attending 
physician and the team caring for the patient. Possible 
reasons for re-intubation included cardiorespiratory 
arrest, hemodynamic decompensation, inability to clear 
the airway or oral secretions, NIV intolerance (due to 
difficulty tolerating the facial mask or lack of cooperation), 
worsening hypoxemia (decrease of ≥20% from baseline), 
hypercarbia (increase of ≥20% from baseline), clinical signs 
of respiratory fatigue and severe respiratory distress despite 
maximum NIV support, and a Glasgow Coma Scale <8 
or inability to maintain adequate airway patency due to 
neurologic impairment. 

End points and definitions

The primary outcome variables were the need for 
endotracheal intubation and NIV-related in-hospital 
mortality. 

The causes of ARF were classified as follows: acute 
cardiogenic edema (cardiac index <1.8 L/min/m2, 
pulmonary capillary wedge pressure >18 mmHg and 
high-dosage catecholamines, intra-aortic balloon pump, 
postoperative myocardial infarction, or severe arrhythmia); 
pneumonia (positive microbiology culture and appropriate 
imaging and clinical features, including a temperature of 
>38.5 or <35 ℃ and white blood cell count >11×109 or 
<4×109 cell/L); post-cardiopulmonary bypass (CPB) lung 
impairment (according to the acute lung injury criteria 
without cardiogenic compromise and negative “pneumonia” 
criteria) (16); lobar atelectasis; reactive airway disease; 
neuromuscular disease; hypercapnic pump failure; and other 
conditions (including pneumothorax and shock). Three 
types of NIV failure were identified according to the time 
of failure: immediate failure (within 1 hour), early failure 
(1–48 hours), and late failure (after 48 hours) (17). The 
reasons for NIV failure included: (I) the inability to correct 
the gas exchange; (II) a weak cough reflex and/or excessive 
secretions; (III) hemodynamic instability; (IV) intolerance 
and psychomotor agitation; (V) hypercapnic encephalopathy 
and coma; (VI) surgical re-exploration; and (VII) refractory 
hypoxemia due to infection.

Statistical analysis 

Continuous variables are presented as means ± standard 
deviations or medians and interquartile ranges. Comparisons 
of continuous variables between the two groups were 
performed with the Student’s t-test for variables with a 
normal distribution. The Wilcoxon rank sum test was used 
for variables with a non-normal distribution. Categorical 
variables were analyzed using the chi-squared test, and the 
results are presented as proportions with 95% confidence 
intervals (CI).

The cutoff value for continuous variables were obtained 
using receiver operating characteristic (ROC) curves. 
Binary univariate and multivariate logistic regression 
analyses were performed to identify the risk factors for NIV 
failure. Significant variables associated with NIV failure 
in the univariate analysis were included in the multivariate 
analysis. The multivariate regression analysis used a 
forward stepwise (conditional) procedure to determine the 
independent significant prognostic factors. 

All P values were two-sided. Statistical significance was 
defined as P<0.05. All statistical analyses were performed 
with the SAS software (version 9.3, SAS Institute, Inc., 
Cary, NC, USA).

Results

A total of 1,713 adult patients were enrolled in this study. 
ARF developed after initial extubation in 126 patients; 
of these, 14 did not undergo NIV because they required 
re-intubation because of their clinical condition. Finally, 
112 patients were treated with NIV for ARF after initial 
extubation (Figure 1). Of these patients, 43 were in the NIV 
failure and 69 in the NIV success group. Table 1 presents 
the characteristics and medical history of the NIV success 
and failure groups. No differences in the EuroSCORE and 
preoperative PaO2/FiO2 were seen between the two groups. 
In the NIV success group, the BMI was higher; fewer 
patients had chronic obstructive pulmonary disease and 
more had hypertension.

The median interval between NIV treatment and re-
intubation was 19 hours 45 minutes (interquartile range, 
4 hours 15 minutes to 70 hours). Most cases of NIV 
failure occurred in the early period (1–48 hours after NIV 
treatment; Figure 2). The causes of early failure included 
the inability to correct the gas exchange (3 patients), 
hemodynamic instability (12 patients), and a weak cough 
reflex and/or excessive secretion (9 patients). The reasons 
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for late failure (after 48 hours) were refractory hypoxemia 
because of infection (5 patients) and a weak cough reflex 
and/or excessive secretion (3 patients). 

The etiology of ARF in patients who underwent NIV 
treatment is shown in Table 1. Endotracheal intubation 
was required in 10/27 patients with pneumonia, 37% of 
the 19 patients with post-CPB lung impairment, and 35% 
of the 23 patients with acute cardiogenic edema. The 
lowest intubation rate (19%) was observed among patients 
with lobar atelectasis. Table 2 compares the characteristics 
between the NIV success and failure groups at the time of 
respiratory failure. NIV failure was associated with a higher 
Sequential Organ Failure Assessment (SOFA) score (Figure 3)  
and vasoactive-inotropic score, higher creatinine levels, 
and lower platelet counts; it occurred more frequently in 
patients with low cardiac output syndrome and renal failure.

To predict the risk factors of NIV failure, the eleven 
variables that showed significant differences in the 
univariate analysis (pneumonia, SOFA score ≥10.5, low 
cardiac output syndrome, renal failure, transfusion of blood 
products >30 units, vasoactive-inotropic score ≥6, platelet 
count <130×109/L, bilirubin ≥34 μmol/L, BMI ≥25 kg/m2,  

hypertension, and aortic surgery) were analyzed in the binary 
logistic multivariate regression analysis. A SOFA score 
≥10.5 (OR: 6.8, 95% CI: 2.06–22.46, P=0.002), vasoactive-
inotropic score ≥6 (OR: 3.31, 95% CI: 1.22–8.98; P=0.019), 
and pneumonia (OR: 6.40, 95% CI: 2.08–19.71; P=0.001) 
were independent predictive factors for NIV failure, 
whereas a BMI ≥25 kg/m2 was an independent predictive 
factor for NIV success (OR: 0.21, 95% CI: 0.07–0.65;  
P=0.007) (Table 3). 

A prognostic model based on the independent prognostic 
factors in the multivariate analysis was developed 
and calculated as follows: −1.586−1.561× (BMI ≥25)  
+1.918× (SOFA score ≥10.5) +1.857× pneumonia +1.198× 
(vasoactive-inotropic score ≥6). The overall model 
performance was satisfactory, with an AUROC of 0.830 
(95% CI: 0.752–0.907) (Table 3). 

The in-hospital mortality rate was significantly higher 
in the NIV failure than in the NIV success group (44.2% 
vs. 1.4%; P<0.0001; Table 4). The length of stay at the ICU 
in patients with NIV failure was significantly longer than 
in those with NIV success [17.23 (10.07–31.83) vs. 6.68  
(4.72–10.91) days, respectively; P<0.0001]. 

Figure 1 Enrollment and outcomes.
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Table 1 Baseline characteristics of patients with respiratory failure after extubation 

Characteristic NIV success (n=69) NIV failure (n=43) P value

Age (years) 59.4±11.5 0.365

Male sex, n (%) 47 (68.1) 25 (58.1) 0.284

BMI (kg/m2) 24.8±3.5 <0.001

BMI, n (%) 0.011

<18.5 4 (5.8) 9 (20.9)

18.5–23 15 (21.7) 16 (37.2)

23–25 16 (23.2) 9 (20.9)

25–30 30 (43.5) 8 (18.6)

≥30 4 (5.8) 1 (2.3)

Underlying disease, n (%)

Diabetes 10 (14.5) 6 (14.0) 0.937

Smoking 18 (26.1) 11 (25.6) 0.953

COPD 0 (0) 4 (9.3) 0.04

Hypertension 46 (66.7) 17 (39.5) 0.005

LVEF, % 58.2±9.9 0.642

Type of surgery, n (%) 0.019

Valve 22 (31.9) 22 (51.2)

CABG 17 (24.6) 7 (16.3)

CABG + valve 10 (14.5) 6 (14.0)

Aorta 20 (29.0) 5 (11.6)

Other 0 (0) 3 (7.0) 

EuroSCORE 6.78±2.86 0.536

Preoperative PaO2/FiO2 330.0±124.3 0.447

Total CPB time (min) 114.2±42.4 0.7

Total aortic block time (min) 64.7±30.0 0.861

Surgical re-exploration, n (%) 7 (10.1) 4 (9.3) 1

Blood transfusion, n (%) 20 (29.0) 25 (58.1) 0.002

Underlying cause of ARF, n (%) <0.001

Lobar atelectasis 25 (36.2) 6 (14.0)

Pneumonia 9 (13) 18 (41.9)

Acute cardiogenic oedema 15 (21.7) 8 (18.6)

Post-CPB lung impairment 12 (17.4) 7 (16.3)

Reactive airway disease 0 (0) 2 (4.7)

Neuromuscular disease 3 (4.3) 1 (2.3)

Hypercapnic pump failure 2 (2.9) 0 (0)

Others (pneumothorax, shock) 3 (4.3) 1 (2.3)

Pre-extubation PaO2/FiO2 278±90 0.516

Post-extubation PaO2/FiO2 233±82 0.828

Duration of MV (hours) 43.7 (22.3–102.2) 48.0 (21.1–145.2) 0.599

Data were presented as mean ± SD or median (interquartile range), categorical variables were presented as number (%). ARF, acute respiratory 
failure; BMI, body mass index; CPB, cardiopulmonary bypass; COPD, chronic obstructive pulmonary disease; CABG, coronary artery bypass 
grafting; h, hours; LVEF, left ventricular ejection fraction; MV, mechanical ventilation; PaO2/FiO2, arterial oxygen tension/fraction of inspired oxygen; 
EuroSCORE, European System for Cardiac Operative Risk Evaluation. 
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Discussion 

The main findings of this study were that approximately 
one-third of patients (38.4%) treated with NIV for 
moderate or severe ARF after extubation failed NIV, 
ultimately requiring invasive ventilation with an associated 
mortality of 44%, compared to 1% for NIV success and a 
length of stay at the ICU of 17 days, compared to 7 days 
for NIV success. A SOFA score ≥10.5, vasoactive-inotropic 
score ≥6, and pneumonia before NIV were predictive 
factors of NIV failure in patients with post-extubation ARF, 
while a BMI ≥25 kg/m2 was a predictor of NIV success.

A SOFA score ≥10.5 was a strong predictor of NIV 
Figure 2 Causes of NIV failure based on timing. NIV, noninvasive 
ventilation.

P
at

ie
nt

s 
re

in
tu

ba
te

d 
(n

)

Interval between the NIV treatment and reintubation

Deterioration of blood gas analysis

Weak cough reflex

Hemodynamic instability

Intolerance or psychomotor agitation

Hypercapnic encephalopathy

Surgical reexploration

Pneumonia

15

10

5

0
<1 h               1−48 h            >48 h

Table 2 Patient characteristics at the time of respiratory failure

Characteristic NIV success (n=69) NIV failure (n=43) P value

SOFA score 7.92±2.08 9.95±2.08 <0.0001

IABP, n (%) 1 (1.4) 4 (9.3) 0.137

CVVH, n (%) 2 (2.9) 4 (9.3) 0.311

Low cardiac output syndrome, n (%) 14 (20.3) 21 (48.8) 0.002

Renal failure, n (%) 12 (17.4) 17 (39.5) 0.011

Arrhythmia, n (%) 11 (15.9) 6 (14.0) 0.775

Laboratory test

White blood cell count, ×109/L 14.1 (10.4–18.1) 14.1 (10.3–19.4) 0.613

Platelet count, ×109/L 96 [60–169] 76 [35–103] 0.006

Bilirubin, µmol/L 25.1 (16.3–45.0) 35.1 (19.8–70.8) 0.037

Creatinine, µmol/L 94 [78–130] 119 [90–199] 0.033

Vasoactive-inotropic score 5.3±2.5 6.6±2.2 0.004

Respiratory rate, breaths/min 21.1±3.7 22.6±6.1 0.304

Heart rate, beats/min 104.0±25.2 104.2±14.2 0.952

Time elapsed since extubation, h 10.6 (4.8–27.6) 15.1 (1.92–30.0) 0.373

pH 7.48±0.24 7.41±0.07 0.083

PaCO2, mmHg 38.2±7.5 39.6±8.7 0.390

PaO2, mmHg 69 [63–83] 68 [56–88] 0.428

Data were presented as mean ± SD or median (interquartile range), categorical variables were presented as number (%). CVVH, 
continuous venovenous hemofiltration; h, hours; IABP, intra-aortic balloon pump; PaCO2, partial pressure of carbon dioxide in arterial 
blood; PaO2, partial pressure of oxygen in arterial blood; SOFA, Sequential Organ Failure Assessment. Vasoactive-inotropic score: 
dosages of dopamine + dobutamine (μg/kg/min) + [dosages of epinephrine + norepinephrine + isoproterenol (μg/kg/min)] ×100 + dosages 
of milrinone (μg/kg/min) ×15.
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failure in patients with post-extubation ARF after cardiac 
surgery in the current study. The SOFA score is used to 
diagnose multiple organ failure and predict fatal outcomes 
in critically ill patients (18,19). It can also be used to 
predict mortality and morbidity after cardiac surgery 
(20,21). A previous study found that the SOFA score was 
an independent risk factor for mortality of patients who 
underwent isolated coronary artery bypass grafting (CABG) 
(OR, 2.036; 95% CI: 1.685–2.460, P<0.001) (22). However, 
to the best of our knowledge, no study has examined the 
association between SOFA scores and NIV use in patients 
with ARF after cardiac surgery. In our study, the pre-NIV 
SOFA score was associated with the re-intubation rate. The 
reason for this higher reintubation rate may be that patients 
in the NIV failure group had higher serum bilirubin levels; 
moreover, a higher proportion of patients in the NIV 
failure group developed renal failure or cardiac output 
syndrome, implying that more patients in the NIV failure 
group had multiple organ failure. Furthermore, the higher 
SOFA score, the more fragile patients are (18). In our study, 
the SOFA score predicted the NIV outcome with high 
sensitivity and accuracy; therefore, NIV should not be used 
in patients with a SOFA score ≥10.5.

In our study, we also found that pneumonia was an 
independent predictive factor for NIV failure. In an 
observational prospective study, the presence of pneumonia 
was a predictor of NIV failure in patients with chronic 
obstructive pulmonary disease (23). Our study found that 

once pneumonia occurred before NIV, re-intubation was 
inevitable in 66.7% of the patients. This is consistent 
with previous reports showing that pneumonia reduced 
the efficiency of the gas exchange, causing hemodynamic 
instability (24). Pneumonia was associated with a significantly 
increase in mortality (HR, 8.89; 95% CI: 5.02–15.75) and 
length of hospital stay (13.6±2.0 days) in a prospective 
multicenter study of 5,158 adult patients undergoing cardiac 
surgery (25). Patients with pneumonia after cardiac surgery 
may have excessive secretions and may not respond well to 
NIV because of fever and fragility. Therefore, in patients 
with post-extubation ARF after cardiac surgery, pneumonia 
might be a contradiction for NIV.

BMI also affected the NIV treatment outcome in this 
report. Appling NIV immediately after extubation in obese 
patients (defined as a BMI ≥35 kg/m2) could be effective 
for predicting ARF (26). In patients having undergone 
cardiac surgery, obesity (defined as a BMI >30 kg/m2) was a 
predictive factor for NIV success (10). Our study revealed 
that patients with a BMI ≥25 kg/m2 had a higher rate of 
NIV success than those with a BMI <25 kg/m2 (49% vs. 
21%, respectively, P=0.003). We assume that the reason for 
the higher success rate is that more patients with overweight 
(BMI ≥25 kg/m2) showed hypercapnia (PaCO2 >50 mmHg) 
than those with normal weight (11.6% vs. 0%, P=0.023) 
and had lower vasoactive-inotropic scores [5.6 (4.2–6.7) vs.  
6.3 (5.1–7.6); P=0.010] pre-NIV. Overweight patients may 
be at increased risk of alveolar collapse and thus, NIV is 
very useful in these patients. 

The vasoactive-inotropic score is a predictor of morbidity 
and mortality in infants and adults after cardiac surgery 
(27-29). After adjusting for the EuroSCORE, preoperative 
EF, and bypass time, a high vasoactive-inotropic score after 
surgery was associated with a poor outcome, longer stay at 
the ICU, and longer ventilation support in adult cardiac 
surgery patients (30). Our study found that a vasoactive-
inotropic score ≥6 was a risk factor of NIV failure in 
patients with post-extubation ARF after cardiac surgery. A 
higher vasoactive-inotropic score might mean low cardiac 
output syndrome or sepsis, and a persistent requirement of 
vasoactive agents may be a marker of disease severity (31).  
The vasoactive-inotropic score could be useful in identifying 
the marginal circulation stage before low cardiac output 
syndrome or sepsis are diagnosed. Thus, vasoactive-inotropic 
scores should be carefully evaluated before NIV use. 

The main limitation of our study was its retrospective study 
and that it was conducted at a single ICU, causing inevitable 
selection bias. A prospective randomized controlled trial may 

Figure 3 Reintubation rate with SOFA before NIV. SOFA, 
Sequential Organ Failure Assessment. NIV, noninvasive 
ventilation. 
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Table 3 Univariate and multivariate analysis of the risk factors for non-invasive ventilation failure 

Variable
No. of patients with 

failures/total (%)

Univariate analysis Multivariate analysis AUC

OR 95% CI OR 95% CI AUC 95% CI

BMI, kg/m2

<25 34/69 (49.3) 1.00 1.00 0.642 0.538–0.745

≥25 9/43 (20.9) 0.27 0.11–0.65 0.21 0.07–0.65

Underlying disease

None of the following 26/49 (53.1) 1.00

Hypertension 17/63 (27.0) 0.33 0.15–0.72

Etiology of respiratory 
failure

None of the following 25/85 (29.4) 1.00 1.00 0.644 0.535–0.753

Pneumonia 18/27 (66.7) 4.80 1.90–12.12 6.40 2.08–19.71

Type of surgery

None of the following 38/87 (43.7) 1.00

Aorta surgery 5/25 (20.0) 0.32 0.11–0.94

Blood transfusion

No 18/67 (26.9) 1.00

Yes 25/45 (55.6) 3.40 1.53–7.56

Low cardiac output 
syndrome 

No 22/77 (28.6) 1.00

Yes 21/35 (60.0) 3.68 1.59–8.52

Renal failure before NIV

No 26/82 (31.7) 1.00

Yes 17/29 (58.6) 3.11 1.29–7.42

Bilirubin, µmol/L

<34 19/68 (27.9) 1.00

≥34 24/44 (54.5) 3.10 1.40–6.86

PLT before NIV, ×109/L

>130 5/32 (15.6) 1.00

≤130 38/80 (47.5) 4.80 1.71–13.97

Vasoactive-inotropic 
score before NIV

<6 11/53 (20.8) 1.00 1.00 0.676 0.574–0.778

≥6 32/59 (54.2) 4.52 1.96–10.47 3.31 1.22–8.98

SOFA score before NIV

<10.5 28/88 (31.8) 1.00 1.00 0.666 0.557–0.774

≥10.5 15/24 (62.5) 7.56 2.69–21.25 6.81 2.06–22.46

Total 0.830 0.752–0.907

AUC, area under the curve; BMI, body mass index; CI, confidence interval; NIV, non-invasive ventilation; OR, odds ratio; PLT, platelet count; SOFA, 
Sequential Organ Failure Assessment. Vasoactive-inotropic score: dosages of dopamine + dobutamine (μg/kg/min) + [dosages of epinephrine + 
norepinephrine + isoproterenol (μg/kg/min)] ×100 + dosages of milrinone (μg/kg/min) ×15.
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provide more reliable results. In this study we mainly focused 
on the parameter before NIV use. Moreover, other variables 
known to be useful to assess the risk of NIV failure, such as 
B-type natriuretic peptide levels and fluid balance, were not 
analyzed. High flow nasal cannula oxygen (HFNC) has been 
proven useful in the treatment of ARF after cardiac surgery. 
At our ICU, HFNC was implemented in 2014. Future studies 
should compare the effects of NIV and HFNC in patients with 
post-extubation ARF after cardiac surgery. 

In conclusion, our study found that NIV was successful 
in approximately two-thirds of patients after cardiac surgery 
with moderate or severe ARF after extubation. NIV failure 
was associated with increased mortality and a longer stay 
at the ICU. Multiple organ dysfunction, a high vasoactive-
inotropic score, and pneumonia before NIV were 
independent risk factors of NIV failure, whereas overweight 
was associated with NIV success.
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