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Abstract Noninvasive ventilation is effective in respira-

tory failure from various etiologies. This study aimed to

analyze the efficacy of noninvasive positive pressure ven-

tilation (NPPV) in pediatric cardiac patients. NPPV was

used (1) as an alternative means of respiratory support in

patients with hypoxemic or hypercarbic respiratory failure

or with signs of respiratory distress that were considered to

require intubation; or (2) as a preventive measure in

patients with high risk for extubation failure. Between 2008

and 2011, there were 107 episodes of NPPV use in 82

patients. Their median age was 57 days (range 1 day to

18 years), and weight was 4.1 kg (range 1.7–68). Within

the first hour of NPPV, partial pressure of carbon dioxide/

fraction of inspired oxygen (PaO2/FiO2) was significantly

increased, and arterial pCO2, and respiratory rate were

decreased. This decrease in respiratory rate and increase in

PaO2/FiO2 continued during the first 24 h of therapy, and

pCO2 was decreased during the first 6 h. In 59.8 % of

cases, NPPV was successfully used without the need for

tracheal intubation. The Aristotle Basic Complexity score,

presence of infection, residual cardiac defect, and pH

\7.36 in the first hour were independent predictors of

NPPV failure. We conclude that NPPV improved oxy-

genation and decreased respiratory effort in pediatric car-

diac patients, 59.8 % of whom eventually did not receive

intubation. A high-complexity surgical score, presence of

infection, residual cardiac defect, and pH\7.36 in the first

hour are predictors of NPPV failure, which occurs in most

patients [24 h after the onset of therapy.
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Introduction

Noninvasive positive pressure ventilation (NPPV) has been

increasingly used as a treatment for various forms of

respiratory failure. However, the role of NPPV remains

unclear in hypoxemic respiratory failure due to acute

respiratory distress syndrome and acute lung injury and in

cases of postextubation respiratory failure [1, 3, 8]. Con-

troversy exists regarding the indications for NPPV in dif-

ferent clinical settings as well as the choice of interface in

relation to the patient’s age and respiratory pathology, the

recommended initial ventilatory modality, and the moni-

toring of patients [2, 26, 28].

In children with cardiac diseases, data on the use of

NPPV are limited. There are a few case reports on the

successful use of NPPV in infants with diaphragmatic

paralysis [4, 16, 21]. Results from studies with a small

number of children after cardiac surgery show 64–88 %

success of noninvasive ventilation, which is lower than that

reported in other patient populations [1–3, 8, 27, 29]. This

may be because of a young patient age, hemodynamic

instability, a high incidence of postextubation failure, and

the presence of a genetic syndrome.

In our unit, nasal continuous positive airway pressure

(N-CPAP) has been extensively used in neonates. How-

ever, if an older child requires greater ventilatory support

than ‘‘high-flow oxygen,’’ or if N-CPAP is not sufficient

support for a neonate, the patient is intubated. The software

for noninvasive ventilation with pressure support/control

mode was installed on our ventilators in 2008. Since this

time, NPPV has been progressively applied in our patients.
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The aims of this study were to evaluate clinical efficacy

and the characteristics of NPPV and to identify predictive

factors for NPPV failure in pediatric cardiac patients.

Materials and Methods

Patients and Intervention

A prospective observational study was performed in the

pediatric cardiac intensive care unit from 2008 to 2011.

The study was approved by the hospital Ethics Committee.

The need for informed consent was waived because the

attending physician considered NPPV a routine form of

ventilation. NPPV was used (1) as an alternative means of

respiratory support in patients with hypoxemic or hyper-

carbic respiratory failure or in those with signs of respi-

ratory distress who were considered likely to require

intubation; or (2) as a preventive measure in patients with

high risk for extubation failure (patients with several epi-

sodes of postextubation respiratory failure and/or patients

who had prolonged artificial ventilation).

NPPV with pressure support and/or pressure control

mode was applied by a flow-triggered pressure assist-control

ventilator (Servo-I; Maquet, Solna, Sweden). The starting

ventilatory mode and further adjustments of the ventilator

pressures and rates were made according to clinical need,

patient comfort, and blood gas analysis. A nasogastric tube

was used in all patients. The interface was chosen according

to the child’s age and size to achieve comfort and avoid

significant air leaks. Colloid dressings were placed on major

pressure points to minimize skin injury.

All patients were continuously monitored by means of

electrocardiography and pulse oximetry, and we measured

respiratory rate, invasive systemic blood pressure and central

venous pressure, and central and peripheral temperature.

Intermittent observations of chest movements and comfort

level and auscultation of breath sounds were performed.

Blood gas analysis was performed according to the protocol

(before initiating NPPV and at 1, 3, 6, 12, and 24 h of NPPV).

Data Collection

For each NPPV application, the following variables were

collected: age, sex, body weight, presence of genetic syn-

drome, cause of acute respiratory failure and indication for

NPPV, underlying cardiac disease, Risk Adjusted Con-

genital Heart Surgery (RACHS) score, Aristotle Basic

Complexity (ABC) score (when applicable), presence of a

significant residual cardiac defect and infection, need for

surgical or catheterization intervention, time elapsed from

last extubation (when applicable), time from admission to

the unit, and mode of respiratory support before NPPV.

Patients with multiple NPPV episodes were considered

individually because each episode requiring NPPV pre-

sented new variables, thus potentially affecting outcome.

Most of the patients had undergone cardiac surgery.

Therefore, they were intubated before the use of NPPV.

For the purpose of the study, we defined postextubation

failure as acute respiratory failure within 48 h of

extubation.

The following data were collected prospectively before

initiating NPPV and at 1, 3, 6, 12, and 24 h of NPPV: heart

rate, systemic blood pressure, respiratory rate, blood gas

analysis, the ratio of partial pressure of arterial oxygen/

fraction of inspired oxygen (PaO2/FiO2), and ventilatory

settings. Data reviewed also included the total NPPV

duration, type of interface, complications attributed to

NPPV, use of sedatives, NPPV outcome, mortality, and

causes of death.

Outcome Measurements

Our primary end point was success or failure of NPPV,

which was defined as avoidance of or need for reintubation.

The secondary end points were improvement in vital signs

and blood gas parameters. The variables analyzed for

determining success or failure are listed in Table 3.

Statistical Analysis

Continuous data are presented as the median (ranges) and

categorical data as counts (frequency variable). Serial

measurements were compared with paired Student t test.

Chi-square test and logistic regression analysis were used

in the univariate analysis of NPPV success. A value of

p B 0.05 was considered significant. Variables with

p B 0.1 found in univariate analysis were then entered into

a nominal logistic regression model for NPPV success.

Statistical analysis was performed using JMP 5.0.1a soft-

ware (SAS).

Results

Patients

During the study period, there were 107 episodes of NPPV

use in 82 pediatric cardiac patients. Baseline characteristics

of included cases are listed in Table 1. Underlying cardiac

disease was cyanotic in 49 (45.7 %) events and noncya-

notic in 58 (54.3 %) events. Ninety-three (86.9 %) of the

NPPV episodes occurred after cardiac surgery. The most

common cardiac surgical procedures were ventricular

septal defect closure (n = 9), aortic coarctation and aortic

arch repair (n = 9), pulmonary arterial banding (n = 7),
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and modified Blalock–Taussig shunt placement (n = 6). In

nonsurgical cases, the main causes of respiratory failure

were infection (n = 7), congestive heart failure (n = 4),

prematurity (n = 1), spastic bronchitis (n = 1), and over-

sedation (n = 1).

The main etiologies that contributed to respiratory

insufficiency were cardiac failure (n = 32), infection

(n = 26), chronic lung disease (n = 17), muscle fatigue

(n = 10), diaphragm paralysis (n = 5), long-term

mechanical ventilation (n = 7), oversedation (n = 4),

atelectasis (n = 3), stridor (n = 1), hemorrhagic shock

(n = 1), and pulmonary hypertension (n = 1).

Tachypnea, dyspnea, hypoxemia, and hypercapnia were

present in 64, 57, 39, and 44 cases, respectively. In 20

events, NPPV was used as a preventive measure for high-

risk patients for extubation failure immediately after

extubation. Before starting NPPV, N-CPAP and high flow

oxygen were used in 51 (47.7 %) and 39 (36.4 %) patients,

respectively.

The median time from admission to intensive care unit

to NPPV implementation was 260 h (range 0–3,120), and

the time from extubation to NPPV implementation (when

applicable) was 12 h (range 0–450). Twenty-one patients

required more than one NPPV course. A residual cardiac

defect was present in 36 NPPV courses in 22 patients. Of

these, 19 required surgical or catheterization intervention

(Table 2).

NPPV Settings

Positive end-expiratory pressure (PEEP) was commenced

at a median of 10 cm H2O (range 4–12), and the median of

the maximum values was 10 cm H2O (range 4–14).

Inspiratory positive airway pressure was started at a med-

ian of 20 cm H2O (range 10–27), and the median of the

maximum values was 21 cm H2O (range 10–28).

Initial settings for respiratory rate were 25 breaths/min

(range 10–36), and FiO2 was 0.5 (range 0.25–1.0). Maxi-

mum settings for respiratory rate were 25 breaths/min

(range 10–37) and FiO2 was 0.5 (range 0.3–1.0).

Interfaces

NPPV was applied by way of a nasopharyngeal tube,

oronasal mask, or helmet in 87 (81.3 %), 17 (15.9 %), and

3 (2.8 %) patients, respectively.

Outcome

Within the first hour of NPPV, PaO2/FiO2 was significantly

increased, and arterial pCO2 (partial pressure of carbon

dioxide) and respiratory rate were decreased compared

with baseline values (before NPPV initiation) (Fig. 2). This

Table 1 Baseline characteristics of the NPPV patients

NPPV courses (n) 107

Patient age 57 days (1 day–18 years)

Patient weight (kg) 4.1 (1.75–68)

Trisomy 21 (n) 12

ABC score 8 (1.5–14.5)

RACHS score 3 (2–6)

Residual cardiac defect (n) 36

Infection (n) 24

ICU stay before NPPV (days) 24 (1–271)

Diagnoses

Aortic arch interruption 2

Aortic coarctation 8

Aortic stenosis 10

Cardiomyopathy 2

Common arterial trunk 15

Complete atrioventricular defect 14

Double inlet left ventricle 1

Double-outlet right ventricle 12

D-TGA 4

Ebstein anomaly 1

Hypoplastic left heart syndrome 9

Congenitally corrected TGA 3

Mitral stenosis 2

Partial anomalous pulmonary venous

drainage

1

Pulmonary atresia, intact ventricular

septum

5

Tetralogy of fallot 5

Total anomalous pulmonary venous

drainage

5

Ventricular septal defect 8

ICU intensive care unit, TGA transposition of great arteries, RACHS

risk adjustment for congenital heart surgery score

Table 2 Interventions/reinterventions

Intervention/reintervention n

Closure of main aortopulmonary collaterals 1

Bidirectional Glenn procedure 1

Mitral valve replacement 3

Tricuspid valve replacement 2

Pulmonary valvuloplasty 2

Heart transplantation 1

Residual ventricular septal defect closure 1

Pulmonary abscess evacuation 1

Aortopexy 2

Pulmopexy 1

Corrective surgery 4
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decrease in respiratory rate and increase in PaO2/FiO2

continued during the first 24 h of therapy, and pCO2 was

decreased during the first 6 h. No change in heart rate,

systemic blood pressure, or pH was observed.

The median duration of NPPV for all patients was 37 h

(range 2–372). In 64 (59.8 %) patients, NPPV was suc-

cessfully used without the need for tracheal intubation; the

duration of NPPV was 36 h (range 4–372). In 6 events,

NPPV was successfully applied, but it was terminated

because of planned corrective cardiac surgery (n = 3),

withholding of life-supporting treatment (n = 2), and a

switch to bubble N-CPAP with later surgical intervention

(n = 1). In 43 (40.1 %) patients, intubation was required

for 31 h (range 2–365) after NPPV implementation. In a

subgroup of 73 postextubation failures, the success of

NPPV was 56 % (Fig. 1).

Predictive Factors of NPPV Failure

Univariate analysis showed that the absence of improve-

ment in PaO2/FiO2 at hours 6 and 12, pH \7.36 at hour 1,

presence of infection and residual cardiac defect, and need

for reintervention were predictive factors of NPPV failure

(Table 3). RACHS and ABC scores were greater in failed

NPPV courses. No relationship was found between out-

come and age, sex, body weight, cyanotic vs. noncyanotic

heart disease, and presence of Down syndrome. Logistic

regression model analysis showed that ABC score, pre-

sence of infection and residual cardiac defect, and

pH \7.36 in hour 1 were independent predictors of NPPV

failure (r2 = 0.37, Table 4).

Complications

Clinical tolerance of NPPV was good with one case of skin

injury and no cases of abdominal distension or vomiting.

The need for sedation during treatment was the same as that

before NPPV initiation in 80 (74.8 %), increased in 16

(14.9 %), and decreased in 11 (10.3 %) patients. No patient

had cardiorespiratory arrest with NPPV or before/during

intubation. Nine patients died; all were intubated at the time

of death. Causes of death were complications during extra-

corporeal membrane oxygenation (n = 1), sepsis (n = 1),

bleeding from aortopulmonary collateral vessels (n = 1),

and withholding of life-supporting treatment (n = 6).

Discussion

Although NPPV is increasingly used in the intensive care

unit for children with various forms of respiratory failure,

its efficacy, safety, and tolerability in pediatric cardiac

patients has not been clearly established [1–3, 8, 26, 28].

Pediatric cardiac patients receiving NPPV represent a

specific patient population because several mechanisms are

involved in the process of respiratory failure [4, 25, 29].

These mechanisms include congestive heart failure, pul-

monary hypertension, pulmonary disease, malnutrition, and

chromosomal abnormalities. In patients after surgery acute

lung injury due to extracorporeal bypass, diaphragm dys-

function and airway obstruction, may impair respiratory

muscle mechanics. Acquired neuromuscular deficits related

to critical illness or prolonged use of neuromuscular

blockade, may also play a role [6, 17]. Although the eti-

ology of respiratory failure is multifactorial, we identified

the main cause of respiratory failure in each individual

patient. The most commonly occurring causes of respira-

tory failure were cardiac failure, infection, and chronic lung

disease, and less common causes were diaphragm paralysis

and respiratory distress syndrome.

Decreased functional residual capacity, which is fre-

quently present in patients with cardiac failure and after

Fig. 1 Characteristics of the

patient groups
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cardiac surgery, can be improved with continuous positive

pressure. This improvement can be augmented by addi-

tional pressure support and/or pressure controlled breaths,

which can help maintain good lung volume and decrease

the load of the inspiratory muscles and the work of

breathing [14].

NPPV can positively affect respiratory function as well

as improve cardiac function [5, 12]. NPPV has been suc-

cessfully used in adult cardiac postsurgical patients with

hypoxemic acute respiratory failure [5, 12]. In patients with

right-ventricular failure, positive pressure application may

decrease right ventricular output [12]. However, taking into

consideration a close ventricular interdependence in infants

and children, a favorable effect on the left ventricle may

overcome a negative effect of positive pressure ventilation

on the right ventricle, particularly if adequate preload is

provided.

Considering the complex interplay of numerous mech-

anisms involved in NPPV, we consider that pediatric car-

diac patients may benefit from this respiratory support

Table 3 Univariate analysis of

NPPV failure

Bold values are statistically

significant

FiO2 fraction of inspired

oxygen, paCO2 partial pressure

of carbon dioxide, paO2 partial

pressure of oxygen, RACHS risk

adjustment for congenital heart

surgery score, SatO2 arterial

oxygen saturation

Parameter NPPV failure NPPV success p

Baseline data

Sex F/M (girls n = 35, boys n = 72) 12/31 23/41 0.38

Age all patients (days) 15 (1–3727) 83 (1–6955) 0.28

Age infants B1 year (n = 89) 39 50 0.088

Age [1 year (n = 18) 4 14

Weight (kg) 4.1 (1.8–25) 4.1 (1.75–68) 0.22

Cyanotic heart disease (n = 49) 20 29 0.90

Trisomy 21 (n = 12) 4 8 0.60

Perioperative data

RACHS score 3 (1–6) 3 (1–6) 0.027

ABC score 9.65 (1.5–14.5) 8 (4–14.5) 0.003

Residual cardiac defect (n = 36) 23 13 0.0004

Infection (n = 24) 16 8 0.0003

Diaphragm paresis (n = 9) 3 6 0.66

Need for reintervention (n = 19) 15 4 0.0004

Chronic lung disease (n = 28) 16 12 0.43

Postsurgical patients (n = 93) 39 54 0.35

Medical patients (n = 14) 4 10

NPPV data

Duration (h) 25 (2–320) 36 (4–372) 0.48

Time from extubation to NPPV (h) 8 (0–420) 14 (0–450) 0.33

Postextubation failure (n = 73) 32 41 0.25

Non–postextubation failure (n = 34) 11 23

NPPV immediately after extubation (n = 19) 10 9 0.21

NPPV at the time of respiratory compromise (n = 74) 27 47

Heart rate decrease at h 1 (n = 39) 20 19 0.10

Heart rate decrease at h 3 (n = 27) 12 15 0.46

paO2/FiO2 increase at h 6 (n = 62) 20 42 0.015

paO2/FiO2 increase at h 12 (n = 16) 10 6 0.038

paO2/FiO2 increase at h 24 (n = 9) 6 3 0.065

pH \7.36 at h 1 (n = 48) 27 21 0.002

pH \7.36 at h 3 (n = 29) 15 14 0.10

pH \7.36 at h 6 (n = 29) 15 14 0.11

SatO2 increase at h 1 (n = 73) 26 47 0.073

paCO2 decrease at h 1 (n = 58) 23 35 0.77

paCO2 decrease at h 3 (n = 43) 19 24 0.37

Breath rate decrease at h 1 (n = 70) 28 42 0.72

Breath rate decrease at h 3 (n = 60) 21 39 0.26
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earlier in the progression of respiratory failure than other

patients. Patients on NPPV should be closely monitored to

detect hemodynamic deterioration, which would require

tracheal intubation.

In our study, an improvement in breathing pattern and

gas exchange was observed as early as 1 h after initiation

of NPPV; PaO2/FiO2 was significantly greater; and arterial

pCO2 and respiratory rate were lower compared with

baseline values (Fig. 2). This decrease in respiratory rate

and increase in PaO2/FiO2 remained during the first 24 h of

NPPV. Similar findings have been observed in other

studies [2, 9, 29]. In contrast, to studies in noncardiac

pediatric patients with respiratory failure, NPPV did not

improve heart rate in our patients [22, 28, 29]. We spec-

ulate that tachycardia in cardiac patients is related to car-

diac failure and use of inotropes. No changes in systemic

blood pressure and pH were observed during the study

period.

The overall success rate of NPPV in our study was

59.8 %. The rate is within the range of the success rates

reported for the use of NPPV in pediatric patients

(57–97 %) [8, 20, 28] and lower than that reported in

pediatric cardiac patients (64 % to 88 %) [2, 27, 29]. This

Table 4 Multivariate model for NPPV failure

Factor Odds ratio (95 % CI) p

ABC score 41.8 (3.8–608) 0.0034

Residual cardiac defect 8.8 (2.6–34) 0.0008

Infection 8.2 (2.2–36) 0.0030

pH \7.36 at h 1 8.4 (2.6–32) 0.0008

Fig. 2 Effect of NPPV on respiratory and hemodynamic parameters. BMP beats per minute, paCO2 partial pressure of carbon dioxide
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discrepancy between studies may be due to the low age of

our patients and greater complexity of cardiac diseases and

surgical procedures compared with other studies. Several

pediatric studies found that smaller children have a greater

risk of failure [2, 15, 18]. However, age and weight did not

predict a poor response to NPPV in our patient group. In

pediatric studies, a greater incidence of noninvasive ven-

tilation failure was reported in patients with severe condi-

tions [3, 8, 18]. Our results are in concordance with these

findings because the severity of cardiac condition, as

assessed by the RACHS and ABC scores, was predictive

for NPPV failure [2, 27, 29].

The presence of cyanotic versus noncyanotic cardiac

disease did not affect our results. However, the presence of

residual cardiac defects, as well as the need for surgical or

catheterization intervention, were associated with failed

NPPV. Furthermore, patients with a residual cardiac defect

required multiple courses of NPPV. These findings are

similar to the results of extubation after cardiac surgery in

young children in whom poor heart function was the most

common cause of failed extubation [13].

In the current study, the presence of infection was pre-

dictive of NPPV failure. In contrast, to the experience of

failed noninvasive ventilation in patients with trisomy 21

[4], the presence of a syndrome in our patients was not

linked to the results.

In our study, lack of improvement of PaO2/FiO2 in hours

6 and 12 and pH\7.36 in hour 1 were predictive for NPPV

failure. In other studies, low PaO2/FiO2 [4, 18], high FiO2

[9], and low pH [7] after 1 h of noninvasive ventilation

predicted failure.

In several pediatric studies [2, 19], most of the patients

who did not have successful noninvasive ventilation were

intubated within the first 24 h. In our study, the median

time was 31 h when NPPV failure was determined to

require invasive ventilation with intubation. Therefore,

patients must be closely monitored even [24 h after initi-

ation of NPPV, particularly those with risk factors for

NPPV failure. The patients who were successfully weaned

from NPPV had a median time of ventilation of 36 h.

In our study, 67.3 % of NPPV courses occurred after

failure of extubation. The incidence of failed extubation

after pediatric cardiac surgery is greater compared with that

in the general pediatric population [6, 17]. These patients

are particularly vulnerable to the increased metabolic

demands imposed by spontaneous breathing, and cardiac

output may be compromised by altered respiratory

mechanics. Furthermore, these patients often have a com-

bination of cardiovascular and respiratory failure.

The application of noninvasive ventilation as a new

therapeutic method for postextubation respiratory failure

has shown mixed results. A large multicenter trial [10] in

adults showed a greater mortality rate in the noninvasive

ventilation group, presumably due to delayed recognition

of failure of noninvasive ventilation. Pediatric studies with

postextubation respiratory failure showed a lower success

rate than rates reported in other NPPV pediatric studies,

which did not include postextubation cases [19, 28]. In

contrast, in a study by Essouri et al. [8], respiratory failure

after extubation formed the largest group. In addition, Pons

et al. [24] studied postextubation respiratory failure after

cardiac surgery in children and showed a similar success

rate of noninvasive ventilation as studies with non-pos-

textubation failures. In our subgroup of 73 cases with

postextubation failure, success of NPPV was similar to

overall success (56 vs. 59.8 %).

In many units, general guidelines for noninvasive ven-

tilation settings start with PEEP at 4 to 5 cm H2O and

further increase it as necessary up to a maximum of 10 cm

H2O. Inspiratory positive airway pressure is started at

6–8 cm H2O and gradually increased. If the patient is not

breathing sufficiently, a back-up rate is given [18, 19, 23].

In our patient group, ventilatory settings at NPPV initiation

were greater than those reported in other studies [18–20,

23, 27]. PEEP was commenced at a median of 10 cm H2O,

inspiratory positive airway pressure at 20 cm H2O, and

respiratory rate at 25 breaths/min. This difference between

studies can be explained by the complexity of respiratory

failure and the young age of our patients. Inspiratory effort

generated by the young children is often too small to be

detected by the ventilator, thus resulting in the need for a

back-up respiratory rate [11, 28]. Therefore, we set a high

back-up rate to overcome the problems associated with an

inadequate inspiratory trigger.

Noninvasive ventilation can be delivered by way of

nasal, oronasal, and full-face masks and nasal pillows or

cushions. The choice of the interface may be challenging in

young children [11] because commercial masks remain

limited, particularly for infants. One approach is to use a

nasal mask as an oronasal mask. In our center, oropha-

ryngeal tubes are mostly used in neonates and infants.

However, meticulous ‘‘sealing’’ is important to overcome

problems with air leaks.

NPPV was well tolerated in our study. In one patient,

skin breakdown occurred. Because we used colloid dress-

ings in places of compression, such a complication did not

occur. No gastric distension was an issue.

Limitations of the Study

This study has the limitations of a noncontrolled study.

However, we prospectively evaluated the results of NPPV

in a large cohort of the pediatric cardiac patients according

to the protocol.
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Conclusions

NPPV improved oxygenation and decreased respiratory

effort in pediatric cardiac patients, 59.8 % of whom

eventually did not receive intubation. This method was safe

and effective for use in young infants and in those after

postextubation failure. High-complexity surgical score,

presence of infection and residual cardiac defect, and

pH \7.36 in the first hour are independent predictors of

NPPV failure, which occurs in most patients [24 h after

the onset of therapy.
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