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BACKGROUND: Respiratory complications remain a major cause of morbidity in cardiac surgery
patients. This study aimed to determine the prognostic parameters associated with the application
of noninvasive ventilation (NIV) for the treatment of acute respiratory failure, along with the
possible predictors associated with NIV failure, among the subjects who underwent cardiac surgery.
METHODS: This was a retrospective cohort study. Data on all adult patients who underwent
cardiac surgery in a single center between May 2012 and December 2016 were analyzed. Multi-
variate regression analysis with bootstrapping was used to identify which baseline and intraoper-
ative parameters were associated with the application of NIV to treat acute postoperative respira-
tory failure. A univariate analysis was also applied to identify potential variables associated with
NIV failure. P < .05 was considered significant. RESULTS: A total of 1,657 subjects (mean � SD
age 65.2 � 10.7 y; 21.7% females) constituted the study population, 145 (8.8%) of whom were
treated with NIV due to acute postoperative respiratory failure. Body mass index adjusted odds
ratio 1.02, bias-corrected 95% CI 1.01–1.04), EuroSCORE (European System for Cardiac Opera-
tive Risk Evaluation) II (adjusted odds ratio 1.11, bias-corrected 95% CI 1.02–1.32), COPD (ad-
justed odds ratio 4.004, bias-corrected 95% CI 2.53–8.93), and preoperative estimated glomerular
filtration rate (adjusted odds ratio 0.99, bias-corrected 95% CI 0.98–0.99) independently predicted
NIV application. NIV treatment failed in 16 of the 145 subjects (11%) and age, EuroSCORE II,
COPD, heart failure, renal replacement therapy, and postoperative stroke were all univariately
associated with the outcome. CONCLUSIONS: NIV successfully treated acute respiratory failure in
the vast majority of cardiac surgery subjects and COPD, EuroSCORE II, body mass index, and
preoperative renal function were independently associated with its application. Key words: nonin-
vasive ventilation; cardiac surgery; respiratory failure. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Respiratory complications after cardiac surgery are not
uncommon and contribute to increased postoperative mor-

bidity and mortality. General anesthesia effects, cardiopul-
monary bypass (during which lungs are not ventilated),
sternotomy, thoracotomy, postoperative pain, possible
damage of the phrenic nerve, open pleural cavities, in-
creased pulmonary capillary permeability, volume over-
load, systemic inflammatory responses, massive blood
transfusions, and the patient’s pre-existing comorbidities
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contribute to the postoperative risk of pulmonary compli-
cations.1-8 The establishment of this respiratory derange-
ment could be of variable severity, which ranges from
atelectasis and lung volume reduction to acute lung injury
and respiratory failure.9

Noninvasive ventilation (NIV), including both CPAP
and noninvasive positive airway pressure modalities, is a
technique used to deliver mechanical ventilation while
avoiding the complications of endotracheal intubation1,9 A
reduced hospital infection rate, no need of sedation, and
better patient tolerance, which allow for eating, drinking,
coughing, and communication, are some of the many ben-
efits of NIV.10,11 In cases of respiratory failure, the appli-
cation of NIV has proven to reduce the reintubation rate
and its associated complications, in-hospital mortality, and
hospital length of stay, both among non-surgery patients,
such as those with exacerbations of COPD, as well as
among postoperative patients after major abdominal or
thoracoabdominal surgery. Thus, the benefits of this tech-
nique are generally known.12-14 Among cardiac surgery
subjects, NIV has previously been evaluated as an option
to prevent or treat acute hypoxemic respiratory failure;
however, results vary widely,1,15-17 and no specific indi-
cators associated with the application of NIV or the out-
come of this treatment have yet been identified.

Against this background, we conducted a cohort study
that aimed to identify (a) the patient-specific and the op-
eration-specific factors independently associated with NIV
application as treatment modality for acute respiratory fail-
ure, and (b) the prognostic factors associated with NIV
treatment success or failure in a cohort of postoperative
subjects who had undergone a variety of cardiac surgery
operations.

Methods

Study Population

This was a retrospective cohort study. Data on all adult
subjects who underwent an elective, urgent, or emergency
cardiac surgery (coronary artery bypass grafting, aortic
dissection repair, thoracic aortic aneurysm repair, aortic or
mitral valve repair or replacement, atrial septal defect clo-
sure, or any combination of these procedures) in the De-
partment of Cardiothoracic Surgery, Papanikolaou Hospi-
tal, Thessaloniki, Greece, between May 2012 and
December 2016, were prospectively collected into a clin-
ical database. Data were then extracted and analyzed for
all subjects who were extubated in the operating room or
the ICU within 24 h, with the exception of patients who
received NIV before surgery for any cause, patients who
underwent off-pump surgery, patients who died during
surgery or in the ICU without previous extubation, and
patients who were reintubated without previous applica-

tion of NIV. All the participants gave informed consent for
their participation in a clinical registry that collected base-
line, in-hospital, and follow-up data after the cardiac op-
eration. The construction of this clinical database had re-
ceived ethical approval from the relevant institutional ethics
committee, as previously described.18

Data Collection and Definitions

The baseline data, which were recorded for each subject
on admission, included age; sex; body mass index (BMI);
EuroSCORE (European System for Cardiac Operative Risk
Evaluation) II; preoperative estimated glomerular filtra-
tion rate; left ventricle ejection fraction (evaluated by pre-
operative transthoracic Doppler echocardiogram); smok-
ing habits (current or ever smoker); and a detailed medical
history, which emphasized the presence of diabetes mel-
litus, dyslipidemia, arterial hypertension, stroke, periph-
eral vascular disease, COPD, heart failure according to the
New York Heart Association classes I–IV, chronic atrial
fibrillation, and history of previous cardiac surgery. The
intraoperative data that were recorded included cardiopul-
monary bypass time, type of operation (coronary artery
bypass grafting or other), and complexity of operation
(combined or noncombined). Also, several early postop-
erative complications, such as postoperative stroke, post-
operative myocardial infarction, low cardiac output syn-
drome, and renal failure that required postoperative dialysis,
were also documented for each subject.

The Modification of Diet in Renal Disease study equa-
tion was used for the estimated glomerular filtration rate.19

We defined as a current smoker subjects who had smoked
at least 10 cigarettes within a month before admission. A
diagnosis of arterial hypertension, dyslipidemia, and dia-

QUICK LOOK

Current knowledge

Acute respiratory failure after cardiac surgery is a com-
mon complication. Noninvasive ventilation (NIV) has
previously been used for treatment; however, the re-
sults vary widely. No specific indicators associated with
NIV application or outcomes have yet been identified.

What this paper contributes to our knowledge

NIV could successfully treat acute early postoperative
respiratory failure in the majority of cardiac surgery
patients. The presence of COPD, low preoperative renal
function, higher body mass index, and high EuroSCORE
II were independent characteristics of subjects who may
need NIV for postoperative respiratory failure.
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betes mellitus was considered based on subject’s regu-
lar medication and/or recent laboratory examinations. A
diagnosis of peripheral vascular disease included lower
extremity artery disease, abdominal aortic aneurysms, re-
nal artery disease, and disease of mesenteric artery, ex-
tracranial carotid artery or vertebral artery.20 The COPD
diagnosis was based on spirometric evaluation, with a post-
bronchodilation FEV1:FVC of �70.21 PMI (post operation
myocardial infarction) was identified with troponin eleva-
tion (�10 times the upper normal values), a) either new
pathological Q waves or new left bundle branch block on
echocardiogram, or b) new regional wall motion abnor-
mality diagnosed by echocardiography.22 Low cardiac out-
put syndrome was based on the Society of Thoracic Sur-
geons definition23, which consists of the following criteria:
the need for postoperative intra-aortic balloon pump or
inotropic support for �30 min in the ICU to obtain a
cardiac index value of �2.2 L/min/m2 and systolic blood
pressure of �90 mm Hg23. Initiation of renal replacement
treatment was based on one or more of the following cri-
teria: azotemia � 250 mg/dL, hyperkalemia, fluid over-
load, and metabolic acidosis.24

Study Outcomes

The use of NIV to treat postoperative acute respiratory
failure, which developed among cardiac surgery patients
who were extubated within 24 h after surgery, was the
primary outcome of interest. We used 2-level positive ven-
tilation in all the subjects of the study group. NIV was
delivered by either ICU ventilators (bilevel pressure sup-
port mode) or by portable NIV devices. An initial inspira-
tory pressure of 10–12 cm H2O was applied with a PEEP
of 4–5 cm H2O, with a gradual increase of inspiratory
pressure and/or PEEP during the first 2 h of application,
according to the subject’s clinical condition and arterial
blood gases, aiming for arterial oxygen partial pressure of
�60 mm Hg without respiratory acidosis. NIV was ini-
tially applied for at least 16 h per 24-h period, which
aimed for a gradual increase, both in the duration of ap-
plication and the pressure level during the following days
of hospitalization, according to subject’s clinical condi-
tion.

Acute respiratory failure in postoperative cardiac sur-
gery patients was defined by the presence of hypoxemia
(SpO2

� 90%) under the use of supplement oxygen and/or
hypercapnia (PaCO2

� 45 mm Hg), high breathing fre-
quency (�25 breaths/min), and dyspnea with or without
abnormal radiographic signs, such as atelectasis or pulmo-
nary infiltration. All patients who presented with shock,
severe arrhythmias, impaired level of consciousness, co-
pious secretions, inability to cough or to cooperate, delir-
ium, gastric distention, gastrointestinal bleeding, multiple
organ dysfunction syndrome, or cardiac arrest were rein-

tubated without any initial use of NIV. The need of rein-
tubation within 72 h from the initial extubation of the
subjects who were treated with NIV was defined as NIV
failure and was the secondary outcome of the study.

Statistical Analysis

Statistical analysis was performed by using the Predic-
tive Analytics Software v. 18 (SPSS, Chicago, Illinois).
The normality of distribution of quantitative variables was
tested by using the Shapiro-Wilk test. Continuous vari-
ables were summarized as mean � SD or as median (range)
according to the normality of the distribution, whereas
categorical variables were presented as frequencies (n) and
percentages (%). All pre-, intra-, and postoperative param-
eters were compared between the group that received NIV
and the group that did not receive NIV, and between the
group in which NIV was successful and the group in which
NIV failed. These initial comparisons were conducted by
using the chi-square test or the Fisher exact test for qual-
itative variables and the Student t test or the Mann–Whit-
ney test for quantitative variables. Moreover, univariate
binary logistic regression analysis was performed to in-
vestigate the independent associations among the follow-
ing: (a) baseline values, intraoperative parameters, and NIV
treatment in the total study population; and (b) baseline
values, intraoperative parameters, postoperative parame-
ters, and NIV failure in the study subpopulation who re-
ceived NIV treatment. For the primary outcome, all uni-
variate variables were then entered into a binary logistic
multivariate model when the level of P in the univariate
analysis was �0.1 Bootstrapping with 1,000 samples was
used both in uni- and multivariate logistic regression anal-
yses, and odds ratios (OR) were reported with correspond-
ing bias-corrected and accelerated 95% CIs. P � .05 (2-
tailed) was considered significant for all analyses.

Results

Study Population

A total of 1,657 post–cardiac surgery subjects with a
mean � SD EuroSCORE II of 1.9 � 2.0 fulfilled the
inclusion criteria and constituted the study population.
The mean � SD age was 65.2 � 10.7 y, with 360 female
subjects (21.7%). A total of 145 subjects (8.8%) were
treated with NIV because of acute postoperative respi-
ratory failure (NIV group), whereas the rest of the co-
hort constituted the no-NIV group. The demographic
characteristics and perioperative variables of the total
population and of the 2 study groups are presented in
Table 1. The subjects in the NIV group versus the no-
NIV group were older (mean � SD 68 � 3 y vs
64.9 � 10.7 y, P � .001), more often female, and had
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a higher EuroSCORE II score, higher BMI, and lower
preoperative estimated glomerular filtration rate. More-
over, they had higher burden of comorbidities because
they presented more often with arterial hypertension,
chronic atrial fibrillation, dyslipidemia, diabetes melli-
tus, and COPD compared with the ones in the no-NIV
group. Perioperative variables, such as cardiopulmonary
bypass time, type of operation, and complexity of op-
eration, were similar between the groups.

Predictors of NIV Application

Female sex, age, BMI, EuroSCORE II, preoperative es-
timated glomerular filtration rate, arterial hypertension,
chronic atrial fibrillation, diabetes mellitus, COPD, and

dyslipidemia were all univariately associated with postop-
erative NIV application (Table 2). All these univariate
predictors entered the multivariate regression analysis
model, along with cardiopulmonary bypass time, which
was associated with NIV application with a level of sig-
nificance of �0.1 (P � .058) as defined. In the final
model, BMI (adjusted OR 1.02, 95% CI 1.001–1.04;
P � .004), EuroSCORE II (adjusted OR 1.11, 95% CI 1.02–
1.32; P � .02), and COPD (adjusted OR 4.004,
95% CI 2.53–8.93; P � .001) were all positive indepen-
dent predictors of NIV application, whereas preoperative
estimated glomerular filtration rate was a negative predic-
tor (adjusted OR 0.99, 95% CI 0.98–0.99; P � .001)
(Table 2). The presence of COPD was the strongest pre-
dictor of all, increasing the possibility of NIV application

Table 1. Baseline and Intraoperative Characteristics for the Total Study Population and the Two Study Groups (NIV Group and No-NIV Group)

Variable
Total Population

(N � 1,657)
NIV Group
(n � 145)

No-NIV Group
(n � 1,512)

P

Sex
Males 1,297 (78.3) 106 (67.1) 1,210 (78.9) .002
Females 360 (21.7) 52 (32.9) 324 (21.1)

Age, y 65.2 � 10.7 68 � 3 64.9 � 10.7 �.001
BMI, kg/m2 29 � 8.2 31.2 � 5.2 28.7 � 8.3 �.001
EuroSCORE II 1.9 � 2 3.1 � 2.8 1.9 � 2.7 �.001
Estimated glomerular filtration rate,

mL/min/1.73 m2
75.5 � 23.4 65.4 � 20.5 76.4 � 23.5 �.001

Smoking status 460 (27.8) 33 (22.8) 427 (28.2) .07
Hypertension 1176 (71) 131 (82.9) 1072 (69.9) .001
Chronic atrial fibrillation 170 (10.3) 24 (15.2) 150 (9.8) .02
Diabetes mellitus 543 (32.8) 64 (40.5) 485 (31.6) .004
Dislipidemia 986 (59.5) 105 (66.5) 902 (58.8) .02
Stroke 143 (8.9) 11 (8.9) 136 (7) .64
COPD 116 (7) 36 (22.8) 85 (5.5) �.001
Peripheral vascular disease 208 (12.6) 24 (15.2) 187 (12.2) .13
Previous cardiac surgery 34 (2.1) 4 (2.8) 30 (2) .53
NYHA classification

No heart failure 27 (1.6) 6 (4.1) 21 (1.4)
Class I 655 (39.5) 44 (30.3) 611 (40.4) �.001
Class II 919 (55.5) 85 (58.6) 834 (55.2)
Class III 55 (3.3) 9 (6.2) 46 (3)
Class IV 1 (0.1) 1 (0.7) 0

Left ventricle ejection fraction 55.8 � 11.9 54.7 � 11.3 55.9 � 12 .23
Cardiopulmonary bypass time min 103.7 � 44.3 114.2 � 53.6 94 � 43.9 .09
Type of operation

Coronary artery bypass grafting 1178 (71.1) 98 (71.4) 1080 (67.6) .33
Other 479 (28.9)

Complexity of operation
Noncombined 1477 (89.1) 15 (10.3) 165 (10.9) .83
Combined 180 (10.9)

Data are shown as either n (%) or mean � SD.
BMI � body mass index
EuroSCORE � European System for Cardiac Operative Risk Evaluation
NYHA � New York Heart Association
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for postoperative respiratory failure by �4 times. More-
over, there was a trend of an independent, negative asso-
ciation between male sex and NIV application, but it did
not reach statistical significance (P � .052) (Table 2).

NIV Outcome and Predictors of NIV Failure

Among the 145 subjects who received NIV, the treat-
ment was successful in 129 (89%), whereas only 16 sub-
jects were reintubated within 72 h after NIV application
(11%). The differences in baseline characteristics, periop-
erative variables, and postoperative complications between
the group with successful NIV application and the group
with NIV failure are presented in Table 3. The subjects
who were successfully treated with NIV were younger,
with a higher BMI, and with a lower burden of comor-
bidities; the incidence of chronic atrial fibrillation (13.2%

vs 37.5%), COPD (18.6% vs 50%), and heart failure (55%
vs 81.3%) among them was significantly lower compared
with the group with NIV failure. Moreover, during NIV
application, the frequency of postoperative complications,
that is, myocardial infarction, postoperative stroke, and
renal failure with the need for renal replacement treatment,
was significantly higher among the subjects who presented
with NIV failure compared with those with successful NIV
application (Table 3).

Due to the small number of subjects in whom NIV
failed, only the univariate analysis of the potential predic-
tors of NIV failure was conducted. Older age (adjusted
OR 1.09, 95% CI 1.01–1.17; P � .03), higher EuroSCORE
II (adjusted OR 1.20, 95% CI 1.03–1.39; P � .02), the
presence of COPD (adjusted OR 4.38, 95% CI 1.49–12.83;
P � .004), presence of heart failure (adjusted OR 3.54,
95% CI 1.01–13.02; P � .039), presence of chronic atrial

Table 2. Univariate and Multivariate Predictors of NIV Application for Acute Respiratory Failure After Extubation

Variable
Univariate Analysis Multivariate Analysis

Adjusted OR (95% CI)* P Adjusted OR (95% CI)* P

Sex
Males 0.56 (0.38–0.87) .004 0.66 (0.38–1.12) .052
Females Reference group

Age, y 1.04 (1.02–1.06) .001 1.02 (1–1.04) .18
BMI 1.02 (1.01–1.16) .008 1.02 (1.01–1.04) .004
EuroSCORE II 1.20 (1.13–1.27) .001 1.11 (1.02–1.32) .02
Estimated glomerular filtration rate 0.98 (0.97–0.99) .001 0.99 (0.98–0.99) .001
Smoking status

Current smoker 1.10 (0.77–1.55) .62 NA
Ex-smoker or never smoker Reference group

Hypertension 2.07 (1.33–3.23) .003 1.24 (0.75–2.03) .40
Chronic atrial fibrillation 1.75 (1.03–2.72) .02 1.19 (0.70–2.02) .57
Diabetes mellitus 1.65 (1.16–2.31) .004 1.23 (0.84–1.79) .32
Dyslipidemia 1.52 (1.09–2.20) .01 1.28 (0.85–1.94) .26
Stroke 0.86 (0.45–1.63) .64 NA
COPD 4.81 (2.97–7.12) .001 4 (2.53–8.93) .001
Peripheral vascular disease 1.43 (0.90–2.28) .14 NA
Previous cardiac surgery 1.40 (0.49–4.04) .53 NA
Heart failure (NYHA � 2) 1.25 (0.88–1.76) .21 NA
Left ventricle ejection fraction 0.99 (0.98–1.01) .21 NA
Cardiopulmonary bypass time, min 1.003 (1–1.01) .058 1 (1–1.01) .56
Type of operation

Coronary artery bypass grafting 1.20 (0.83–1.73) .33 NA
Other Reference group

Complexity of operation
Combined 1.06 (0.61–1.86) .82 NA
Noncombined Reference group

* Reported as bias corrected and accelerated 95% CIs
OR � odds ratio
BMI � body mass index
EuroSCORE � European System for Cardiac Operative Risk Evaluation
NA � not applicable (not entering the model)
NYHA � New York Heart Association
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fibrillation (adjusted OR 3.95, 95% CI 1.27–12.28;
P � .02), postoperative renal replacement therapy (ad-
justed OR 8.8, 95% CI 1.03–23.06; P � .001), and post-
operative stroke (adjusted OR 3.69, 95% CI 1.77–13.01;
P � .002) were all univariately associated with NIV fail-
ure in our cohort (Table 4).

Discussion

This retrospective cohort study aimed to investigate the
predictors of NIV application to treat acute respiratory
failure after cardiac surgery and the outcome of this treat-

ment. The presence of COPD was the strongest indepen-
dent predictor of NIV application; BMI and EuroSCORE
II were also positive predictors, whereas preoperative es-
timated glomerular filtration rate was a negative predictor.
This mode of treatment was successful in the majority of
subjects (89%) in whom it was applied, with treatment
failure being univariately associated with older age, higher
EuroSCORE II, higher burden of comorbidities, and more-
frequent postoperative complications.

The data in the literature on the efficacy of NIV appli-
cation for the treatment of postoperative acute respiratory
failure among cardiac surgery patients vary. In the first
studies in the field, a high success rate, up to 90%, was
noted, especially among the subjects with mild-to-moder-
ate hypoxemic respiratory failure.25-27 These data were in
agreement with our study, in which the majority of the

Table 3. Baseline Characteristics, Perioperative Variables, and
Postoperative Complications of Subjects Who Underwent
NIV Treatment, Categorized According to NIV Success or
Failure

Variable
Successful

NIV
(n � 129)

NIV
Failure

(n � 16)
P

Sex, n (%)
Males 87 (67.4) 12 (75) .54
Females 42 (32.6) 4 (25)

Age, y 69 (13) 75.5 (9) .02
BMI, m/kg2 31.2 (7.5) 26.4 (5.9) .032
EuroSCORE II 2 (2.2) 2.6 (5.8) .19
Estimated glomerular filtration rate,

mean � mL/min/1.73 m2
64.1 � 19.8 70.9 � 28.6 .29

Smoking status, n (%) 29 (22.5) 2 (12.5) .36
Hypertension, n (%) 106 (82.2) 14 (87.5) .60
Chronic atrial fibrillation 17 (13.2) 6 (37.5) .01
Diabetes mellitus, n (%) 55 (42.6) 8 (50) .58
Dislipidemia, n (%) 90 (69.8) 9 (56.3) .27
Stroke, n (%) 9 (7) 2 (12.5) .43
COPD, n (%) 24 (18.6) 8 (50) .004
Pulmonary hypertension, n (%) 30 (23.3) 7 (18.9) .08
Peripheral vascular disease, n (%) 22 (17.1) 2 (12.5) .644
Previous cardiac surgery, n (%) 1 (0.8) 3 (18.8) �.001
Heart failure (NYHA � 2) , n (%) 71 (55) 13 (81.3) .045
Left ventricle ejection fraction, % 55 (13) 50 (18) .10
Cardiopulmonary bypass time, min 96 (52) 96.5 (74) .50
Type of operation, n (%)

Coronary artery bypass grafting 89 (69) 9 (56.3) .30
Other 40 (31) 7 (43.8)

Complexity of operation, n (%)
Noncombined 115 (89.1) 15 (93.8) .57
Combined 14 (10.9) 1 (6.3)

Postoperative complications, n (%)
Low cardiac output syndrome 8 (6.2) 2 (12.5) .35
Myocardial infarction 0 1 (6.3) .004
Postoperative stroke 3 (2.3) 3 (18.8) .002
Renal replacement therapy 1 (0.8) 8 (50) �.001

BMI � body mass index
EuroSCORE � European System for Cardiac Operative Risk Evaluation
NYHA � New York Heart Association

Table 4. Univariate Predictors of NIV Failure

Variable Univariate Analysis

Adjusted OR (95% CI)* P

Sex
Males 1.45 (0.44–4.76) .54
Females Reference group

Age, y 1.09 (1.01–1.17) .03
BMI 0.90 (0.80–1.02) .09
EuroSCORE II 1.20 (1.03–1.39) .02
Estimated glomerular filtration rate 1.02 (0.99–1.04) .36
Smoking status

Current smoker 0.49 (0.11–2.29) .37
Ex-smoker or never smoker Reference group

Hypertension 1.52 (0.32–7.15) .60
Chronic atrial fibrillation 3.95 (1.27–12.28) .02
Diabetes mellitus 1.35 (0.48–3.81) .58
Dyslipidemia 0.56 (0.19–1.60) .28
Stroke 1.91 (0.37–9.71) .44
COPD 4.38 (1.49–12.83) .004
Peripheral vascular disease 0.70 (0.15–3.28) .65
Heart failure (NYHA � 2) 3.54 (1.01–13.02) .04
Left ventricle ejection fraction 0.96 (0.92–1.01) .11
Cardiopulmonary bypass time 1.00 (0.99–1.01) .70
Type of operation

Coronary artery bypass grafting 1.73 (0.60–4.97) .31
Other Reference group

Complexity of operation
Combined 1.82 (0.22–14.90) .57
Noncombined Reference group

Postoperative complications
Low cardiac output syndrome 2.16 (0.42–11.20) .25
Postoperative stroke 3.69 (1.77–13.01) .002
Renal replacement therapy 8.80 (1.03–23.06) �.001

* Reported as bias corrected and accelerated 95% CIs.
OR � odds ratio
BMI � body mass index
EuroSCORE � European System for Cardiac Operative Risk Evaluation
NYHA � New York Heart Association
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subjects with acute respiratory failure were successfully
treated with NIV. However, recent studies have failed to
confirm this finding, with NIV failure rates ranging from
21.9% to 52%.16,28-30 A partial explanation for these dis-
crepancies includes the application of NIV with 2 different
modalities (either nasal CPAP or NIV)16; the late applica-
tion of NIV (after 24 h from extubation)29; different study
cohort characteristics, with a significant proportion of sub-
jects who underwent urgent surgery and operations other
than coronary artery bypass grafting29; and the application
of NIV by using broader criteria as a method either to
prevent or treat respiratory failure.30

The successful treatment of postoperative acute respi-
ratory failure with the application of NIV is due to the
induction of several favorable effects on both cardiac and
respiratory function. Positive-pressure ventilation during
NIV induces lung volume and intrathoracic pressure
changes, which can affect preload, afterload, heart rate,
and myocardial contractility, whereas, with the application
of PEEP, these pressures remain above the atmospheric
throughout the respiratory cycle, which eventually results
in lower left ventricle afterload, improving hemodynam-
ics, and increasing cardiac output.9,31 Moreover, NIV re-
stores lung volumes by opening atelectatic areas; increases
alveolar requirement with more-efficient gas exchange;
and reduces the work of breathing, which partially com-
pensates for affected respiratory function.32,33

In our study, the presence of COPD was the strongest
independent predictor of NIV application for acute respi-
ratory failure, which increased by �4 times the odds of
receiving this treatment. Moreover, the presence of COPD
was also associated with treatment failure, although this
was a univariate association. A history of COPD repre-
sents a major risk factor for postoperative pulmonary com-
plications in non-cardiothoracic operations.34 Cardiac sur-
gery procedures, especially when performed under the use
of cardiopulmonary bypass, provoke significant alterations
in lung mechanics, which results in notable reductions of
�40–50% of FVC and FEV1 during the early postopera-
tive period. In a previous matched cohort analysis of car-
diac surgery subjects, the presence of COPD was associ-
ated with the occurrence of postoperative respiratory failure,
4 times more often than in the non-COPD group, whereas
it also increased mortality and overall length of hospital-
ization, which confirms our findings.35

EuroSCORE II and BMI were 2 other independent pre-
dictors positively associated with NIV application, whereas
the preoperative estimated glomerular filtration rate was a
negative predictor. To our knowledge, no previous study
has yet investigated the predictive value of these parame-
ters on the application of NIV after cardiac surgery.
EuroSCORE II, an index that reflects presurgery health
and severity of illness, has previously been associated with
several postsurgery outcomes; cardiac surgery subjects with

a higher EuroSCORE or EuroSCORE II had longer hos-
pital and ICU stays, a higher percentage of postoperative
complications, and higher mortality.36,37 BMI has also been
associated with unfavorable outcomes after cardiac sur-
gery; patients with a very high BMI are prone to atel-
ectasis, prolonged mechanical ventilation, reintubation,
and pneumonia,38 whereas obstructive sleep apnea syn-
drome is often misdiagnosed in surgery patients who are
obese.39 Nevertheless, adverse outcomes are evident
mostly among patients who are extremely obese, with
BMI �40 kg/m2,38 which was not true for either of the
2 groups of patients in our study, so this result was quite
unexpected. Likewise, impaired preoperative estimated
glomerular filtration rate has been associated with com-
plications during the intra- and postoperative course
among cardiac surgery subjects,40 although no data ex-
ist yet regarding its potential association with NIV ap-
plication due to acute respiratory failure.

The results are strengthened by the large number of
participants and because all data were prospectively added
to the database, so recall bias was minimized. The study
was single-center, so all decisions regarding initial NIV
application were made by the same team of physicians, as
were follow-up assessments of NIV failure or success,
which thus minimized variability of applied criteria. A
limitation of the study was that the exact cause of acute
respiratory failure, such as pneumonia, atelectasis, or pul-
monary edema, was not recorded, so the possibility that
prognostic factors could be different for each cause of
respiratory failure could not be investigated. Another lim-
itation was that details regarding NIV application, such as
the exact level of positive-pressure ventilation, the average
breathing frequency, and the total duration of its applica-
tion, were also not systematically recorded. Nevertheless,
criteria of NIV application were specific and universally
applied, so technical details of the treatment could have
provided the article with more descriptive information, but
it is unlikely that these would have changed the final re-
sults.

Conclusions

In this large cohort study, NIV successfully treated acute
respiratory failure in the vast majority of cardiac surgery
subjects in whom it was applied. The presence of COPD,
EuroSCORE II, BMI, and preoperative renal function were
independently associated with the application of this treat-
ment modality. Large, prospective clinical trials are needed
to investigate the predictors of successful NIV application
for treating acute respiratory failure of various etiologies,
with the aim to further increase its efficacy among subjects
after cardiac surgery.

NIV AFTER CARDIAC SURGERY

RESPIRATORY CARE • ● ● VOL ● NO ● 7

RESPIRATORY CARE Paper in Press. Published on April 2, 2019 as DOI: 10.4187/respcare.06062

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



REFERENCES

1. Cabrini L, Plumari VP, Nobile L, Olper L, Pasin L, Bocchino S,
et al. Non-invasive ventilation in cardiac surgery: a concise review.
Heart Lung Vessel 2013;5(3):137-141.

2. Ng CS, Wan S, Yim AP, Arifi AA. Pulmonary dysfunction after
cardiac surgery. Chest 2002;121(4):1269-1277.

3. Wynne R, Botti M. Postoperative pulmonary dysfunction in adults after
cardiac surgery with cardiopulmonary bypass: clinical significance and
implications for practice. Am J Crit Care 2004;13(5):384-393.

4. Taggart DP, el-Fiky M, Carter R, Bowman A, Wheatley DJ. Respi-
ratory dysfunction after uncomplicated cardiopulmonary bypass. Ann
Thorac Surg 1993;56(5):1123-1128.

5. Canet J, Mazo V. Postoperative pulmonary complications. Minerva
Anestesiol 2010;76(2):138-143.

6. Kavanagh BP. Perioperative atelectasis. Minerva Anestesiol 2008;
74(6):285-287.

7. Groeneveld AB, Jansen EK, Verheij J. Mechanisms of pulmonary
dysfunction after on-pump and off-pump cardiac surgery: a prospec-
tive cohort study. J Cardiothorac Surg 2007;2:11.

8. Wynne R, Botti M. Postoperative pulmonary dysfunction in adults
after cardiac surgery with cardiopulmonary bypass: clinical signifi-
cance and implications for practice Am J Crit Care 2004;13(5):384-
393.

9. Guarracino F, Ambrosino N. Non-invasive ventilation in cardio-
surgical patients. Minerva Anestesiol 2011;77(7):734-741.

10. Nava S, Hill N. Non-invasive ventilation in acute respiratory failure.
Lancet 2009;374(9685):250-259.

11. Evans TW. International Consensus Conference in Intensive Care
Medicine: non-invasive positive pressure ventilation in acute respi-
ratory failure. Organised jointly by the American Thoracic Society,
the European Respiratory Society, the European Society of Intensive
Care Medicine, and the Société de Réanimation de Langue Fran-
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