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The number of failing organs predicts
non-invasive ventilation failure in children

with ALI/ARDS

Abstract Purpose: Non-invasive
positive pressure ventilation (NIV) is
being increasingly used in paediatric
critical care, although its use in acute
lung injury (ALI) and acute respira-
tory distress syndrome (ARDS) is still
debated. No definite data are avail-
able for the prediction of NIV
outcome in such selected populations.
We aimed to identify which factors
might affect NIV failure in paediatric
ALI/ARDS patients. Methods: A
retrospective cohort study using
comprehensive predictivity analysis
was performed. All children admitted
to our paediatric intensive care unit
over a 4-year period for ALI/ARDS
were reviewed. Basic, clinical, phys-
iological parameters and their change
after 1 h of NIV were considered and
subjected to univariate analysis.
Candidate prognostic variables were
then subjected to multicollinearity
scrutiny and logistic regression.

Introduction

Finally, variables significant in the
logistic regression were subjected to
predictivity analysis. Results: The
number of organ failures at admission
(NOF) is a strong predictor of NIV
failure (odds ratio 5.26; p = 0.004).
Having only one organ failure pro-
vides a probability of NIV success of
85.7% (sensitivity 87%; specificity
49%). One NIV failure will be pre-
dicted and avoided for every four
cases in which the presence of other
organ failures is incorporated into the
clinical decision. Conclu-

sions: NOF significantly predicts
the NIV failure. Children with no
organ failures other than ALI/ARDS
may safely be treated with NIV.

Keywords Non-invasive ventilation -
Paediatrics - ALI - ARDS - Number
of organ failures - Prediction

Non-invasive positive pressure ventilation (NIV) is
increasingly used in paediatric intensive care units (PICU)
both for the early stage of respiratory failure and for the
post-extubation phase, in patients with different diseases
[1-7]. Nonetheless, NIV indications in children are not
well defined unlike in adults, for which NIV is already
regarded as a first-line intervention in several clinical
conditions [8—10]. NIV efficacy and clinical usefulness
seem to be influenced by the underlying disease and by

the degree of clinical severity at the respiratory failure
onset [1, 11, 12].

Actually, in children affected by acute lung injury (ALI)
or acute respiratory distress syndrome (ARDS) NIV effi-
cacy is still debated, because both high [1] and low failure
rates [13, 14] have been reported in uncontrolled retro-
spective or prospective studies. In these critical patients,
prediction of NIV failure is particularly worth studying,
because it may allow a more targeted intervention. On the
other hand, prediction of NIV success might avoid several
complications related to endotracheal intubation in babies
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who will not need such aggressive respiratory support.
Furthermore, in adult patients with acute respiratory fail-
ure, NIV success or failure has been independently
associated with survival or death, respectively [15].

To date, only four studies analysed the prognostic
factors possibly associated with the NIV failure in unse-
lected children with acute respiratory failure [1, 11-13]
and two of these studies also included patients undergoing
continuous positive airway pressure (CPAP) [11, 12].

No study has been conducted to predict NIV success in
homogeneous and selected populations of ALI/ARDS
children, using comprehensive predictivity analysis. Since
a NIV program has been implemented in the last decade
as an alternative to immediate intubation in our PICU, we
aimed to identify which factors might have affected NIV
failure in paediatric ALI/ARDS patients.

Methods

Patients and sample size

We performed a retrospective cohort study taking data from
our unit NIV register. A sample size calculation was per-
formed in order to choose how many admissions we would
have to review. Outcome was the detection of an area under
the curve (AUC) at least of 0.7 for a given prognostic var-
iable to predict NIV failure, given an o error of 0.05 and a
power of 80% [16]. This gave a sample size of 60 and we
reviewed all children with ALI or ARDS where NIV had
been started as first-line treatment, since the PICU admis-
sion during a 4-year period (2007-2010). ALI and ARDS
were defined according to the American-European Con-
sensus Conference criteria [17]. Children were excluded if
they met one of the following criteria: (1) need for car-
diopulmonary resuscitation; (2) Glasgow coma score
(GCS) less than 8; (3) absent cough or gag reflex; (4) hae-
modynamic instability (defined as systolic blood pressure
below the fifth centile for age), despite appropriate volume
administration and dopamine or dobutamine infusion over
5 pg/kg/min; (5) ECG with evidence of ischaemia or
arrhythmias; (6) active bleeding; (7) recurrent apnoeas; (8)
infants in the first year of age. Patients treated with CPAP
only and those who received NIV after a period of invasive
mechanical ventilation were not considered for the study.
This study was approved by our institutional review board.
No change to the routine assistance was required for the
study aims.

NIV protocol
NIV was applied according to a well-established protocol

that we had already validated for adult patients [18] and
then adapted to children [14]. Patients were ventilated

using a Maquet-Servo-I (Siemens-Elema, Solna, Swe-
den): pressure support mode (target tidal volume 6 mL/kg
body weight) or pressure-controlled, time-cycled venti-
lation was adopted. NIV was administered via a face
mask (Respironics inc., Murraysville, PA, USA or Koo
Europe, Torino, Italy) or a helmet (Castar, Starmed inc.,
Mirandola, Italy), depending on patient’s age and col-
laboration. Mask and helmet size were chosen to provide
best fit and comfort to the patients. NIV-related discom-
fort was managed as previously described [14]. All
children received the standard routine care for ALI/ARDS
and their basic disease, according to our internal PICU
protocols.

Outcome of interest: NIV failure

NIV failure was defined as the need for endotracheal
intubation and mechanical ventilation. Our predetermined
criteria for intubation were (1) the inability to maintain a
PaO,/FiO, ratio of 150 during NIV administration; (2) the
onset of seizures or deterioration of mental status
(GCS < 8); (3) intolerance of the technique or the
inability to manage copious secretions; (4) occurrence of
a “de novo” haemodynamic instability after starting NIV
administration (systolic blood pressure <5th centile for
age), despite appropriate fluid administration and the
infusion of dopamine or dobutamine above 5 pg/kg/min;
(5) ECG signs of ischaemia or arrhythmias; (6) occur-
rence of bradypnoea or hypoventilation reducing pH to
less than 7.35.

Candidate prognostic data

The following variables were chosen among those which
are collected in real time in our electronic PICU database,
in order to predict NIV failure: demographics, underlying
diseases, GCS and number of organ failures (NOF) at
PICU admission [19]. These data were collected at the
initial evaluation, in the time window from the PICU
admission to the 6th hour. Ventilation data, type of
interface, duration of NIV support, and PRISM-III,, were
then also considered.

Cardiovascular, neurologic, haematologic, renal and
hepatic failure were defined according to organ dysfunc-
tion criteria of the International Pediatric Sepsis
Consensus [20].

Measurements of arterial PaO,, PaCO, and pH,
respiratory rate (RR) and heart rate (HR) were performed
at admission (adm) and after 1 h of NIV (1h). PaO,/FiO,
ratio was also calculated at the same time-points. Changes
in such physiological parameters (A in %), calculated as
[(value;, — value,qy,)/value,y,], were also considered.
These variables were chosen because they are considered
clinically relevant according to our previous feasibility
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study [14] and other available literature data [1, 11, 12].
NIV duration, intolerance to the technique or complica-
tions and mortality were also recorded.

Statistics

Statistical analysis was subdivided in three consecutive
steps:

1. Univariate analysis. Data were tested for normality
using the Kolmogorov—Smirnov test and then were
summarized as mean =+ standard deviation (SD) or
median (interquartile range, IQR). Population was
divided according to NIV failure or success and
univariate analysis was performed using y° or Fisher’s
exact test for proportions and Student ¢z or Mann—
Whitney U test for continuous variables, as
appropriate.

2. Multivariate analysis. Multiple logistic regression with
a backward stepwise method was then performed with
NIV failure as the outcome variable. We initially
screened as covariates all variables which differed
with a p < 0.2 in the univariate analysis. PaO,/FiO, at
admission and its change over 1 h (APaO,/FiO,) were
highly correlated (Pearson’s r = 0.54; p < 0.001); the
same applies (Pearson’s r = 0.4; p = 0.002) for
PaCO, and its change over 1 h (APaCO,). PRISM-
Ill,4 score and NOF at admission were also signifi-
cantly correlated (Pearson’s r = 0.73; p < 0.001).
Among these variables PaO,/FiO,, PaCO, and
PRISM-III,, showed the highest proportion of vari-
ance associated with the highest condition index of
eigenvalues (20.7) and therefore were not included in
the model [21]. Consequently, covariates inserted in
the model were only female sex, number of organ
failures at admission, weight, APaCO, and APaO,/
FiO, at admission and thus, in this model, the variance
inflation factor was always less than 2.5, confirming
the absence of significant multicollinearity [22]. Some
alternative models inserting PRISM-III,, instead of
NOF, or PaO,/FiO, at 1 h of NIV instead of APaO,/
FiO, were also studied, because of the theoretical
usefulness of such variables according to the available
literature [1]. The Hosmer—Lemeshow test was used to
assess the model’s goodness-of-fit.

3. Predictivity. Receiver operator characteristics (ROC)
analysis was performed on prognostic variables which
were significant in the multivariate analysis and on
their combined score based on the logistic regression
model equation. AUCs (£ their standard error) were
compared with the Del.ong’s technique [23]. Predic-
tive values were calculated only for the variable with
the best performance in the ROC analysis. Test
accuracy [(number of true positives + number of true
negatives)/total number of cases x 100] was also

calculated. Data were analysed using SPSS for Win-
dows 15.0 (SPSS Inc., Chicago, IL, USA) or MedCalc
9 demo (MedCalc Itd., Mariakerke, Belgium) and
p values less than 0.05 were considered to be
significant.

Results

During the study period 1,670 patients were admitted to
our PICU; 121 were affected by ALI/ARDS. Sixty babies
were not considered eligible because they met some
exclusion criteria and required invasive ventilation or
were treated with CPAP only, and 61 patients received
NIV as first-line treatment and were considered for the
analysis. Table 1 reports the baseline data of our study
population: NIV was successful in 62% of patients. The
underlying diseases were distributed as follows: 7
(11.5%) solid tumours, 21 (34.4%) blood malignancies,
22 (36.1%) infections (sepsis or pneumonia), 5 (8.2%)
congenital syndromes, and 6 (9.8%) other diagnoses (2
traumatic brain injuries, 1 sickle cell disease, 1 Cooley’s
anaemia and 2 aplastic anaemias). In three cases, skin
lesions developed at the nasal bridge as a result of the
mask but were successfully relieved with ordinary care.
No significant pain, anxiety or other major complication
related to NIV were detected and an interruption of the
technique was never needed. Causes of NIV failure were
seizures or neurological deterioration (6); “de novo”
haemodynamic instability (6); arrhythmias (2); inability
to maintain a PaO,/FiO, ratio of 150 (5); bradypnoea (1);
and inability to manage copious secretions (4).

NIV failed at a mean of 43 £ 46 h from the beginning
of the therapy. No patients died in the success group,
whereas 14 out of 24 (58%) died in the failure group.
Reasons for death were septic shock (5), multi-organ
failure (4), intracranial haemorrhage (1), heart failure (2)

Table 1 Basic data of the study population

Patients (n) 61

NIV failures 24 (39.3)

Age (years) 95+54
Weight (kg) 34 + 20
Males/females 27 (45)/34 (55)
PRISM-III,, at admission 17.8 £ 4.1
NOF at admission 2 (1-2)

NIV duration (h) 67.9 £ 59
GCS at admission 129 + 1.7
Mask/helmet 44 (72.1)/17 (27.9)
Pa0O,/FiO, ratio at admission 151 £ 72

Data are expressed as number (%), mean £+ SD, or median (IQR),
as appropriate. NIV duration describes the hours of continuous
treatment
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and respiratory failure (2). All surviving children were
discharged from the PICU and had a normal follow-up.

Table 2 shows the univariate analysis of all candidate
variables for prediction of NIV failure. Factors signifi-
cantly associated with NIV failure were higher PRISM-
III,, and NOF along with PaCO,. Five other variables
were close to the significance threshold and all eight
variables were checked for multicollinearity (as described
in the “Methods™).

Multivariate analysis results are shown in Table 3.
Independent variables entered in the multivariate model
were sex, weight, NOF, APaCO, and APaO,/FiO, at
admission. According to the Hosmer—Lemeshow test, the

Table 2 Univariate analysis to predict NIV failure

NIV success
37 patients

NIV failure p
24 patients

Clinical data

Age (years) 94+57 10.2 £ 4.78 0.411
Weight (kg)* 30.8 £ 19.4 39 £ 21.3 0.133
Female sex® 13 (35.1) 14 (58.3) 0.051
PRISM-IIL,,* 17 £ 4.1 19.5 + 3.8 0.045*
NOF at admission® 1 41 2+1 0.001*
Underlying diseases
Solid tumours 3 (8.1) 4 (16.7) 0.24
Blood malignancy 13 (35.1) 8 (33.3)
Infections 6 (16.2) 14.2)
Pneumonia 11 (29.7) 4 (16.7)
in NMD
Congenital 3 (8.1) 2 (8.3)
malformations
Others 12.7) 5 (20.8)
Interface
Mask 26 (70.2) 18 (75) 0.460
Helmet 11 (29.8) 6 (25)
Physiologic data
PaO,/FiO5 4qm" 140 £ 62 170 + 86 0.131
PaO,/FiO, | 227 + 80 236 + 92 0.705
APaO,/FiO, (%)* 85 + 87 53 £ 62 0.14
RR.4m (bpm) 54 £ 19 51 £ 125 0.484
RR; 1, (bpm) 37 £9.5 37+£9 0.963
ARR (%) —28 £ 17 25+ 17 0.539
HR, 4 (bpm) 135 + 29 136 £ 19 0911
HR; ;, (bpm) 121 £ 23 127 £ 20 0.358
AHR (%) -9 +15 -7 +8 0.673
PaO, .4, (mmHg) 77 £+ 27 78 + 26 0.877
PaO, | , (mmHg) 96 + 35 104 + 36 0.409
APaO, (%) 33.5 £ 58.2 40.1 + 52.2 0.671
PaCO; .4m 43 £ 19 35+ 10 0.037*
(mmHg)*
PaCO, | 4, 41 + 15 41 + 16 0.982
(mmHg)
APaCO, (%)* —12 425 +9.5 £ 46 0.07
PHadm 7.39 (7.29-7.45) 7.38 (7.28-7.42) 0.796
pHi 7.39 (7.36-7.43) 7.41 (7.33-7.45) 0.746
APh (%) 0.14 (—0.4-0.88) 0.54 (0.13-1.1) 0.23

Data are expressed as number (%), mean £ SD, or median (IQR),
as appropriate

NMD neuromuscular disease

* Significant at p < 0.05

? Variables subsequently considered for the multivariate analysis

Table 3 Multiple logistic regression to predict NIV failure

OR 95% CI p
NOF at admission 5.26 1.7-16.4 0.004*
Female sex 0.12 0.02-0.57 0.008*
Constant 0.58 0.653

The last step of the regression procedure is the most significant
(Hosmer—Lemeshow test p = 0.682) and variables remaining sig-
nificant at this stage are shown here. Weight, APaCO, and APaO,/
FiO, ratio have been removed from the model in the previous steps
OR odds ratio, CI confidence interval

* Significant at p < 0.05

model optimally fitted the data: NOF at admission was a
strong risk factor for NIV failure, whereas female sex was
slightly but significantly associated with NIV success.
Two alternative multivariate models are presented in the
electronic supplementary material: these significantly fit
the data but gave identical results i.e. NOF and sex were
the only variables associated with NIV failure.

Figure 1 shows the results of the ROC analysis for
NOF at admission, sex and their combined score. AUC
for NOF was 0.732 (standard error 0.06; p = 0.003),
AUC for sex was 0.629 (p = 0.096), whereas AUC for
the score was 0.66 (standard error 0.07; p = 0.04).
Because NOF at admission was the most predictive factor
for NIV failure, comprehensive results of its ROC anal-
ysis are reported in Table 4. The NOF value giving the
highest accuracy was 2, which provides an accuracy of
64%. Actually, having two or more failed organs correctly
identified 87% of NIV failure, increasing the risk of NIV
failure from 39.3 to 51.3%. On the other hand, having
only one organ failure (in other words being admitted to
the PICU with only ALI/ARDS) increased the probability
of NIV success from 61.7 to 85.7%. Assuming a failure
risk of 39.3% (Table 1), its absolute reduction, given a
NOF < 2, was calculated and this gave a number needed
to prevent of 4.1 children.

Discussion

Our findings demonstrate that NIV may be successful in
children affected by ALI/ARDS and that having organ
dysfunctions other than respiratory seems a strong pre-
dictor of NIV failure, representing a useful tool for the
clinical management of such patients.

In our previous study in immunocompromised chil-
dren with ARDS, we found a NIV failure rate of ca. 43%
[14], comparable with the present findings (ca. 40%).
Such a failure rate is related to the severity of ARDS:
other studies showed variable and partially similar figures
(20-60%) due to the different characteristics of their
populations [1, 2, 13]. In our findings, the pre-test prob-
ability is increased slightly over 50% if the baby has
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Fig. 1 ROC curves based on the multivariate analysis results.
Curves represent the predictivity of the sex (grey line), NOF at
admission (black line) and their combined score (dotted—dashed
line), according to the equation of the multivariate model
described. The considered equation was log;o(NIV failure) =
[5.26" (NOF)] — [0.12" (sex)] + 0.58]. Dashed line represents the
prediction by chance (AUC = 0.5). More details in the text

Table 4 Reliability of NOF at PICU admission in predicting NIV
failure

NOF > 2

Sensitivity 87%
Specificity 49%
Negative predictive value 85.7%
Positive predictive value (post-test probability) 51.3%
Positive LR 1.7
Negative LR 0.27
Accuracy 64%

LR likelihood ratio

another organ failure, beyond ALI/ARDS. As the pre-
diction of NIV failure in such severe cases would be
useful to avoid further deterioration, it is important to
identify at the bedside which patients might be safely
treated with NIV. Our data allow this, providing a nega-
tive predictive value of ca. 86%: as a “screening test”,
this ensures a fair confidence for applying NIV in an ALY/
ARDS child, if the patient’s general conditions are stable
and no other organ dysfunction is evident. The application
of this simple criterion seems able to reduce the failure
risk from ca. 40 to 14% and this means that one NIV
failure might be predicted and avoided for every four
cases in which the presence of other organ failures is
incorporated into the clinical decision.

Interesting differences seem to exist with the other
studies in the field. There are only four studies aimed at
predicting NIV failure in PICU, but none of these focused
on a selected population of ALI/ARDS [1, 11-13]. In
general, these cohorts were not homogeneous; in one
study, newborn infants were also enrolled [11] and in two
others, the patients were treated with both CPAP and NIV
[11, 12]. A strikingly different success rate was reported
by Essouri et al. [1], in which ca. 80% of ARDS children
failed NIV. That study was based on an unselected pop-
ulation of various diseases and ARDS constituted only a
small group. That study also attributed a prognostic value
to the general severity of illness (as estimated by the
PRISM and PELOD scores) [24] and this is in agreement
with our data. We used PRISM for the same purpose and
the clinical severity played a role in our dataset: in fact, it
is described by the NOF, which is significantly correlated
with PRISM, because some of its variables describe the
organ failures [24]. Consistently, another recent study
confirmed the prognostic value of PRISM [12]. Various
clinical scores are actually available and it is difficult to
provide considerations about their use and comparison
[24].

All four available studies pointed out that several
physiological parameters measured after 1-2 h of NIV
have a degree of prognostic value [1, 11-13]. FiO,,
PaCO,, mean airway pressure, HR, RR and ARR have
been variously indicated as candidate predictors in the
unselected populations studied [1, 11-13]. We did not
find a similar predictivity for such variables and this may
be related to the homogeneity of our population: we only
studied severely ill patients, as confirmed by the PRISM
score which is higher than in the other studies by 1.4/2.2-
fold [1, 12]. Moreover, the oxygenation index or PaO,/
FiO, values were not always reported [11, 13]: not using a
tool estimating oxygenation impairment could have
biased the interpretation of oxygen requirement.

Actually, the reported improvement of such respira-
tory and physiologic parameters during the early phase of
NIV could be regarded as an early response, but the
disease may progress and other factors may subsequently
condition NIV outcome. Our study provides reasonable
findings which seem to be unaffected by the disease
course during the therapy, because NOF is not a physio-
logical measurement but describes the patient’s general
status, before NIV application. Our findings are consistent
with those of Nichols et al. [25] who reported a higher
risk of respiratory failure after bone marrow transplanta-
tion in children who developed other organ dysfunctions.
However, ours is a different population, including also
non-oncological patients, and has been studied when
ARDS was already established.

To date, only one prospective randomized controlled
trial has been published in the PICU setting, enrolling
children affected by acute respiratory failure mainly of
infectious origin [2]. Yanez et al. substantially confirmed
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the usefulness of NIV and described an improvement of
HR, RR and PaO,/FiO, over time, in NIV-treated
patients. Yanez et al. called for specific trials to be
designed in specific conditions, such as ALI/ARDS,
probably one of the worst scenarios for a non-invasive
ventilatory approach. Because immunocompromised
patients are at higher risk of life-threatening complica-
tions related to invasive mechanical ventilation, we
performed a NIV feasibility study in such a context and,
interestingly, we found results very similar to those of
Yanez et al. [2]. HR and RR were reduced along with the
NIV therapy and an early and sustained PaO,/FiO,
improvement was noticed in 82 and 74% of cases,
respectively [14].

Our study has several limitations: (1) It was performed
in a single centre with large clinical experience in pae-
diatric NIV. (2) A relatively small population—albeit
well selected, homogeneous and comparable in size with
the previously published [1, 11-13] cohorts—was evalu-
ated. (3) Our population has a wide age range. (4) The
exclusion of children less than 1 year of age could have
theoretically influenced the results, but yielded a more
homogeneous population. NIV application in the smallest
children carries peculiar problems and might deserve

specific studies; on the other hand, our population is quite
representative of bigger children and adolescent. There-
fore our findings could not be totally applicable to the
early infancy. (5) A retrospective design was followed
and a new prospective study on a distinct population is
needed to validate the reliability of NOF in predicting
NIV failure. (6) The lack of randomisation and control
group allows no conclusion to be drawn about the success
rate of NIV in ARDS patients and the effect of NIV on
major outcomes. This will require a specific randomised
multicentre study focused only on paediatric ARDS.

Nevertheless, our study was not targeted at studying
the clinical efficacy of NIV, but only to provide a com-
prehensive predictivity analysis to help clinicians decide
about NIV use. A Cochrane Collaboration review recently
concluded that there is a lack of well-designed, controlled
trials of NIV for acute hypoxemic respiratory failure in
children [26]. While waiting for such trials, which are
difficult to design [27], NOF could represent a practical,
suitable and reliable tool to help with decisions about
ventilatory strategy in paediatric ALI/ARDS.

Conflict of interest Authors have neither funding nor conflict of
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