Intensive care medicine

Clinical research

Success or failure of non-invasive positive pressure
ventilation in children with acute respiratory failure.
Could it be predicted?

Mona Elsamahy, Mahmoud Tarek Abdelmonem, Hanan Mohamed Ibrahim, Mervat Gamal Eldin,
Ahmed Allam

Ain Shams University, Cairo, Egypt Corresponding author:
Mervat Gamal Eldin
Submitted: 15 June 2017 Ain Shams University,
Accepted: 9 August 2017 113881 Cairo, Egypt
Phone: 01000837437
Arch Med Sci Civil Dis 2017; 2: e113-e120 E-mail: mervatgmansour@
DOI: https://doi.org/10.5114/amscd.2017.70600 gmail.com

Copyright © 2017 Termedia & Banach

Abstract

Introduction: Noninvasive ventilation (NIV) has been developed to reduce
complications associated with invasive ventilation (V). Failure of NIV and de-
lay in endotracheal intubation can increase patients’ morbidity and mortali-
ty. Thus early determination of patients who are unlikely to benefit from NIV
is crucial for their management. We aimed in this study to identify the early
predictors of success of NIV in children with acute respiratory failure (ARF).
Material and methods: Fifty patients with ARF who fulfilled the study selec-
tion criteria were ventilated non-invasively and were assessed initially for
their severity of critical illness by the Pediatric Logistic Organ Dysfunction
(PELOD) score. Clinical, gasometric, respiratory mechanics and oxygenation
indices were assessed at 0, 30 and 60 min and 4 and 24 h from the start
of NIV. The success group was identified by reduction in respiratory effort,
reduction in oxygen demand, improvement in gasometric parameters, and
avoidance of intubation.

Results: Sixty-two percent of patients had successful NIV. Neither type of
ARF nor patients’ demographics affected the outcome of NIV. The success
rate was 80% among patients with mild to moderate acute respiratory dis-
tress syndrome (ARDS), 20% with severe ARDS, and 71.8% in patients with
bronchopneumonia. Multivariate analysis revealed that baseline PELOD
score of less than 14.5 2.7, Sp0,/FiO, ratio more than 208 +57, oxygen-
ation index (OI) 7 £3.4 and mean airway pressure (MAP) 8.6 +1.3 are inde-
pendent predictors for success of NIV.

Conclusions: The NIV is a promising respiratory support modality in pediat-
ric ARF. Baseline degree of critical illness and saturation oxygenation indices
together with MAP change after the 1°t h from the NIV trial represented the
best predictors of success of the trial in the current study.

Key words: predictors, pediatrics, non-invasive ventilation, acute
respiratory failure.

Introduction

Acute respiratory failure (ARF) is the main cause in almost 50% of
admissions to pediatric intensive care. Invasive mechanical ventilation
(IMV) is a critical intervention in many cases of acute respiratory failure,
yet research has shown a clear association between IMV and lung injury,
also known as ventilator-induced lung injury (VILI) [1]. Two major com-
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ponents account for lung injury in invasively ven-
tilated infants: tracheal intubation and the direct
mechanical force on the lung parenchyma during
invasive ventilation [2]. Noninvasive positive pres-
sure ventilation (NIV) refers to the provision of
mechanical ventilation (MV) through the patient’s
upper airway by means of a face or nasal mask
without the use of an invasive artificial airway.
The NIV works by providing pressure support that
gives ventilatory assistance during inspiration,
allows respiratory muscles to work less, increas-
es the volume inspired per minute and improves
gas exchange. It could provide lung protection
by allowing the naturally occurring regulation of
end-expiratory lung volume and prevention of
atelectasis, as well as avoiding the complications
associated with having an endotracheal tube in
plac [3]. However, in some patients, NIV is inad-
equate and eventually invasive ventilation is re-
quired. Failure of the initial trial of NIV and delay
in endotracheal intubation can increase patients’
morbidity and mortality.

Thus, the aim of this study was to identify the
early predictors of success of NIV in children with
acute respiratory failure based on clinical, gaso-
metric and respiratory mechanics analysis during
an early trial of NIV in our ICU-based setting.

Material and methods
Patients’ selection

A prospective observational cohort clinical
study was carried out over 18 months from Jan-
uary 2014 to June 2015 in the Pediatric Intensive
Care Unit (PICU) of the Children’s Hospital, Ain
Shams University. This unit is a medical PICU com-
posed of 12 beds at a tertiary university hospital.
The study was approved by the Ethical Review
Board and informed written consent was obtained
from the child‘s caregiver on the day of admission
to the PICU.

All children admitted to the PICU with acute re-
spiratory failure during the period of study were
included when they met the clinical and physiolog-
ical parameters required for mechanical ventila-
tion. Diagnostic criteria for hypoxemic respiratory
failure included difficulty in spontaneous breathing
as expressed by increased respiratory rate for age
with moderate to severe respiratory distress, par-
tial pressure of oxygen (Pa0,) less than 60 mm Hg,
or arterial oxygen saturation less than 90% with
fraction of inspired oxygen (FiO,) more than 50%
[4]. Hypercapnic respiratory failure was diagnosed
when respiratory distress was associated with pH
< 7.35,and Pa0, > 50 mm Hg [5].

Acute respiratory distress syndrome was de-
fined and classified according to the Berlin defini-
tion developed by the American Thoracic Society

and the Society of Critical Care Medicine [6]. We
excluded patients with shock with hemodynamic
instability and on vasopressor supports, serious
cardiac arrhythmias, unconsciousness and inabil-
ity to fit the face mask due to skeletal deformity,
facial trauma or burn, or when an endotracheal
tube was needed due to serious upper airway ob-
struction or abundant respiratory secretions [7].

Study protocol

All patients were managed in the pediatric
intensive care unit of Ain Shams University Chil-
dren’s Hospital. Patients were ventilated on BiPAP
spontaneous mode (using GE Healthcare/Eng-
strom Carestation, Datex, Omeda, UK or Neoport
€360, Neoport medical instrument, USA), through
fitting non-vented silicon oro-nasal masks. Bilevel
positive airway pressure (EPAP and IPAP) was the
non- invasive mode applied to our patients. Expi-
ratory positive airway pressure (EPAP) was set at
5 cm H,0. The inspiratory positive airway pressure
(IPAP) was initially set at 10 cm H,O above EPAP.
Both pressures were adjusted gradually according
to the patient’s response. Oxygen was adminis-
tered through the mask with adjustment of FiO,
until oxygen saturation (spO,) was more than
90%. A nasogastric tube was placed in all patients
to prevent gastric distention. The patient’s ECG,
oxygen saturation, blood pressure and respiratory
rate were continuously monitored. The mask was
examined for leak, skin abrasion and patient sat-
isfaction.

Determinants of NIV success or failure

Treatment with NIV was considered success-
ful if improvement of work of breathing, oxygen-
ation and ventilation were achieved without the
need for endotracheal intubation. If there was not
a satisfactory degree of patient’s work of breath-
ing, ventilation or oxygenation, NIV was discon-
tinued and conventional mechanical ventilation
was provided, and this was considered to be NIV
failure.

The following variables were analyzed to pre-
dict success or failure of NIV:

1. Age and sex of patients.

2. Type of respiratory failure.

3. Pediatric Logistic Organ Dysfunction (PELOD) [8]
mortality score for assessment of severity of
patients’ critical illness.

4. Clinical assessment including respiratory rate,
heart rate, systolic and diastolic blood pressure.

5. Blood gas analysis initially by arterial sample
to diagnose ARF, then by capillary samples to
follow the patient’s progress. Arterial samples
are not routine in our center because they are
invasive and carry the risk of infection, arterial
spasm and bleeding.
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6. Oxygenation indices: The oxygenation index

(Ol) was determined initially to diagnose and
classify the type of ARF (which expresses the
relation between mean airway pressure, ap-
plied FiO, and PaO, measured by arterial blood
gas analysis (Ol = MAP x FiO, x 100/Pa0,). Fol-
low-up was done by the saturation oxygenation
index using percutaneous pulse oxygen satura-
tion instead of arterial oxygen tension (sat Ol =
MAP x FiO, x 100/Sp0,).
S/F ratio (it represents the best percutaneous
oxygen saturation level of the patient using
pulse oximetry achieved by the lowest fraction
of inspired oxygen; sp0O,/Fi0,), SF/EPAP (which
reflects the relation between the applied EPAP
and the patient’s SF ratio).

7. Degree of respiratory assistance including EPAR
IPAP mean airway pressure (MAP).

8. Respiratory work of breathing by assessment
of tidal volume to predicted body weight (TV/
PBW).

Clinical, gasometric and oxygenation indices
together with degree of respiratory assistance
and work of breathing were assessed early after
initiation of NIV and after 30 min, 60 min, 4 h and
24 h.

Statistical analysis

Data were analyzed using SPSS. Before initiat-
ing NIV, age, gender, underlying diseases, RR, HR,
Sp0,, FiO,, SF ratio, pH, pCO, and PELOD were
measured in the whole sample and compared be-
tween the final successful and failed NIV groups.
Qualitative variables were expressed as a percent-
age and compared using the x? test. Continuous
variables were described with the mean + SD.
For all statistical analyses, a p-value < 0.05 was
considered statistically significant, and 95% con-
fidence intervals (Cl) were calculated. Specificity
100%, lowest value without NIV failure and sensi-
tivity 100%, highest value with NIV failure. Mea-
sured values of selected predictors (PELOD score,
respiratory mechanics variables, oxygenation indi-
ces and gasometric changes) at 0 h, 1 h, 4 h and
24 h from NIV trials were compared between suc-
cess and failure groups. To identify independent
predictors of NIV failure, a multivariate logistic re-
gression model was adjusted using a forward step-
wise procedure based on the likelihood ratio (en-
ter probability p < 0.05). Variables having p < 0.2
in the univariate analysis and/or those consid-
ered clinically important for controlling con-
fusion were included at the beginning of the
multivariate analysis. The effect of the variables
included in the final model was estimated using
the odds ratio (OR), with 95% CI. The diagnostic
accuracy was assessed with receiver operating
characteristic (ROC) curve analysis, using opti-

mal cutoff values for computing the sensitivity
and specificity.

Results

During the period of study we had 118 admis-
sions with acute respiratory failure. Sixty-eight
patients required early endotracheal intubation
and invasive ventilation. Fifty patients fulfilled
the study selection criteria and were ventilated
non-invasively (Table I). Thirteen (26%) patients
had hypoxemic ARF, 17 (34%) patients had hyper-
capnic ARF, while 20 (40%) patients had mixed
type of acute respiratory failure. Sixty-two percent
were male and 38% were female. The cause of
ARF was bronchopneumonia in 58% of patients,
and ARDS in 20%.

Thirty-one (62%) patients showed improve-
ment and success with the NIV trial, while 19
(38%) patients failed the NIV trial and eventu-
ally the endotracheal tube with invasive ventila-
tion was used. Worsening of respiratory failure
and eventual intubation in the failure group oc-
curred within 6:50 h from NIV. A higher success
rate was found among patients with mild ARDS
(4/5 patients; 80%) or bronchopneumonia (23/32;
71.5%), while a higher failure rate was seen
among patients with moderate to severe ARDS
(4/5; 80%) or heart failure (3/4; 75%).

There was no difference in age, weight or type
of ARF between success and failure groups, while
the extent of critical illness as detected by pre-
trial PELOD scoring was significantly more se-
vere in the failure group compared to the success
group (PELOD 16.6 +4.6 in failure group versus 14
+2.7 in success group; p = 0.031).

Clinical improvement was not marked in the suc-
cess group compared to the failure group in the first
few hours. But after 4 h, RR and HR started to be sig-
nificantly reduced in patients who responded well
to NIV, while being even worse in the failure group.

Blood gas analysis showed early prompt sig-
nificant improvement of capillary oxygen tension
after 30 min of NIV in the success group compared
to negligible changes in the failure group, while
capillary CO, tension showed significant worsen-
ing in the failure group along the NIV compared to
the success group (Figure 1).

Oxygenation indices showed early significant
improvement in the success group (Table Il). SF
ratio (Figure 2) was initially higher in the success
group before NIV (208 +57 compared to 139 +55),
and further improved during the NIV to a maxi-
mum of 312 +65 after 24 h from the start of NIV.
The failure group showed improvement as well
but not to the extent of the success one. With the
ROC curve analysis, an initial cutoff value of SF of
163 or more has 74% sensitivity and 72% speci-
ficity in predicting success in this trial (area under
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Table 1. Characteristics of study population

Parameter Total study population Success group Failure group
(n = 50) 31 (62%) 19 (38%)
Age, mean + SD [months] 19 +33 17.3 £28 22.1 +41
Weight [kg] 8.3 6.6 8 £5 8.9 +8.6
Male/female 31/19 17/10 14/9
Acute respiratory failure:
Hypoxemic 13 (26%) 9 (69%) 4 (31%)
Hypercapnic 17 (34%) 11 (64.7%) 6 (35.3%)
Mixed 20 (40%) 11 (55%) 9 (45%)
Underlying cause of ARF:
Bronchopneumonia 32 (64%) 23 (71.8%) 9 (28.2%)
ARDS:
Mild 5 (10%) 4 (80%) 1 (20%)
Moderate to severe 5 (10%) 1 (20%) 4 (80%)
Heart failure 4 (8%) 1 (25%) 3 (75%)
Guillain-Barre syndrome 1 (2%) 1 (100%) -
ARF on top of ILD 3 (6%) 1(33.3%) 2 (66.7%)
PELOD Score 15 £3.2 14 £2.7 16.6 +4.6
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Figure 1. Gasometric changes of study groups
during NIV trial

the curve (AUC) 0.82, p < 0.001) and a cutoff value
of 248 or more after 1 h of initiating NIV carried
87% sensitivity and 56% specificity in predicting
success (AUC = 0.73, p = 0.01).

We also observed early initial improvement in
SF/EPAP values in the success group when com-
pared to the failure group (37 14 vs. 25 +14; p =
0.004), and continued to observe higher values in
the success group during all interval examination
points. At 24 h of NIV, the SF/EPAP ratio did not
significantly differ from the failure group but with-
out an effect on the NIV trial outcome (Figure 3).

ILD — interstitial lung disease, PELOD score — pediatric logistic organ dysfunction.

After ROC curve analysis, an initial cutoff val-
ue of SF/EPAP of 26.5 or more has 81% sensitivity
and 72% specificity in predicting success in this
trial (AUC = 0.75, p < 0.001) and a cutoff value
of 34.5 or more after 1 h of initiating NIV carried
81% sensitivity and 67% specificity in predicting
success (AUC = 0.78, p < 0.001).

Significant initial improvement in the calculat-
ed saturation oxygenation index was observed in
the success group compared to the failure group
(7 £3.4 vs 14.8 +6.1; p < 0.001).

Throughout the NIV, saturation Ol continued to
show highly significant improvement, reaching 3.3
+1 after 24 hours compared to 10.5 +1.3 in the
failure group.

An initial cutoff value of Ol of 9.5 or less has
100% sensitivity and specificity in predicting suc-
cess in this trial (AUC = 1, p < 0.001), and a cutoff
value of 6.1 or less after 1 h of initiating NIV car-
ried the same sensitivity and specificity in predict-
ing success (AUC = 1, p < 0.001).

Mean airway pressure showed early improve-
ment in the success group after 1 h of NIV, while
it continued to increase in the failure group, which
signified their need for more respiratory assis-
tance (Table II1).

With the ROC curve analysis, we found that
a cutoff value of MAP less than 9.3 after 1 h from
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Table IlI. Clinical, gasometric, and oxygenation pa- 312
rameters at baseline, 30 min, 15t h, 4" h and 24" h 276 0 |
after initiation of NIV in both success and failure 236 256
groups by univariate analysis 208 213
. 240
Parameter Success Failure P-value 192 218
(mean * SD) group group
RR [beat/min]: 159
Baseline 43 +13 43 +11 0.69
30 min 45 +12 43 +12 0.67 o 05 1 2 22
1sth 42 +11 47 +12 0.12 Time [h]
4th h 39 +10 49 +7 0.035 —@— Success group Failure group
24t h 38 +10 49 +7 0.034 Figure 2. SF ratio changes in both patient groups
HR [beat/min]:
Baseline 121 +£56 138 +25 0.1 58
30 min 144 +20 139 +24 0.4 47 .Zz !
43
1%th 137420 137 24 0.9 37
4t h 126 £18 150 £22 0.02 39 39
24t h 127 17 149 +19 0.02 32 34
Oxygen tension [Torr]: 25
Baseline 64.3 £32.8 46.6 £11.7 0.29
30 min 94.8 +38.6 51.5#9.5 0.001 0 05 1 4 24
Time [h]
1th 102.3 £51.5 58.1 +13.5 0.001
—@— Success group Failure group
4t h 88.5 +25.5 54.8+11.2 0.001
Figure 3. SF/EPAP changes in both patient groups
24% h 97 +26 57.8 +18.8 0.007

CO, tension [Torr]:

Baseline 55 £15 64 +2 0.125
30 min 49 +12 62 +17 0.003
1th 47 +11 61+19 0.011
4th 48 +9 56 £10 0.007
24t h 47 +7 56 +6 0.021
SF ratio:
Baseline 208 +57 139 +55 0.001
30 min 236 £42 192 +44 0.001
1sth 256 +46 218 £51 0.01
4th h 276 £40 240 47 0.01
24t h 312 £65 213 £97 0.01
SF/EPAP:
Baseline 37 £14 25 +14 0.004
30 min 43 +12 32 11 0.001
1sth 47 14 34 x16 0.003
4th h 52 +16 39 £19 0.025
24t h 58 +22 39 £31 0.131

Saturation oxygenation index:

Baseline 7 +3.4 14.8 6.1 0.001
30 min 4.6 £1.9 10.7 £3.6 0.001
1th 3914 10.3 +4.7 0.001
4th 3.7 1.1 9.5+2.9 0.001
24t h 3.3+1 10.5 1.3 0.001

during NIV trial

NIV yielded 100% sensitivity and specificity in pre-
dicting success of NIV.

Multivariate analysis by a logistic regression
model of significant variables revealed that the
best model for prediction of success is achieved
by assessing the PELOD score (p = 0.1, OR = 1.26),
initial Ol (p = 0.04, OR = 1.76) and MAP changes
after the first hour (p = 0.03, OR = 2.96).

Recorded complications with NIV were minimal
and mainly were facial abrasions through contact
with the interface. None of our patients interrupt-
ed NIV due to these complications.

Discussion

Noninvasive ventilation aimed at improving
acute respiratory failure with avoidance of endo-
tracheal intubation and its complications. In our
study, NIV was effective in supporting 62% of pa-
tients with acute respiratory failure without the
need for endotracheal intubation. Patients with
less severe critical illness and better initial oxy-
genation indices needed less pressure support
while on NIV and had a better outcome. Neither
age, sex, nor type of respiratory failure affects NIV
outcome. Our success rate is acceptable among
other studies, where the success rate with NIV as
an initial mode of respiratory support in ARF rang-
es from 57% [9]to 75% [10], and the highest rate
of success was 81%, reported by Munoz-Bonet
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Table IIl. Respiratory assistance during non-inva-
sive ventilation

Parameter Success Failure P-value
(mean % SD) group group
IPAP:
Initial 15.6 +2 15.6 £2.2 0.92
30 min 15.7 £1.7 16.3 £2.2 0.30
1*th 15.5 1.7 17 £2.7 0.01
4th h 155+1.9 17.3 4.1 0.13
24" h 15.1 £2.5 18.3 4 0.03
EPAP:
Initial 5.9 +1.5 6.2 1.7 0.55
30 min 5.8+1.4 6.5+1.6 0.09
1sth 5.7 1.5 7.2 2.2 0.02
4th hy 5.7 x1.7 7.2 2.8 0.08
24t h 5.9 +1.5 8 +3.7 0.33
MAP:
Initial 8.9 £1.5 9.2+1.6 0.57
30 min 9%15 10.1 £2.7 0.06
1sth 8.6 £1.3 11 £2.8 0.002
4th hy 8.6 £1.6 11.3 £3.1 0.009
24t h 8.6 £1.6 11.3 £3.5 0.24
TV/PBW:
Initial 10.1 £5.2  10.6 +4.7 0.6
30 min 10.7 £3.1 12 £5.9 0.6
1*th 11.5+4.5 11.1 +4.6 0.9
4th h 9.9 4.6 10.6 £3.7 0.3
24" h 10.7 4.6 10 4.4 0.8

et al. [5]. We assumed this overall success rate
to be acceptable because most of our patients
had a moderate PELOD score which signifies an
appreciable degree of critical illness. Moreover,
about 20% of our patients had variable degrees
of ALI. The type of ARF did not significantly affect
the outcome of the NIV trial in our study, though
we had better improvement with type 1 and this
was in agreement with Mufoz-Bonet et al. [5],
but in contradiction to the findings of Abadesso
et al. [11] and Essouri et al. [12], who achieved
lower success with type 1 ARF compared to type 2.
Perhaps this disparity is due to the inability to
quantify the severity of either type of ARF in any
of the previous studies together with the wide
variability of the cause of ARF rather than its type.
Most of our patients (54%) had pneumonia as
a cause of ARF, which is higher than the observed
diagnosis in other studies [5, 10, 11]. Yet, this
percentage is a real reflection of the general high
rate of pneumonia in Egyptian children compared
to other countries [13]. Interestingly, the success
rate of NIV amongst patients with pneumonia in

this study was 74%, which is comparable and even
higher than other studies [11]. Though the use of
NIV in ARDS/ALI is controversial in adults [14-17],
trials with its application in some pediatric stud-
ies are evolving. Yet, variable outcomes were ob-
tained by different pediatric studies, from Essouri
et al. [18], who reported a failure rate of 78% of
NIV in ALl and considered ALl to be an indepen-
dent risk factor for NIV failure, to 50% reported by
Mufioz-Bonet et al. [5]. Bernet et al. [9] and Lum
et al. [10] excluded patients with ALl from their
NIV trials. In this study, the rate of success among
ALl patients was 50%, which is similar to the
study by Muhoz-Bonet et al. [5]. We agree with
these authors, in considering NIV as an accepted
option for respiratory assistance in ALI, especially
with mild to moderate ALl, with the emphasis on
careful monitoring of patients to avoid delay in
endotracheal intubation whenever necessary.

Avoidance of endotracheal intubation is the
main benefit of NIV, and delay in intubation might
worsen patients’ outcome. So early prediction of
whether this patient will respond to NIV or will
need invasive ventilation and when to intubate
is the cornerstone issue in applying NIV, and this
was another main objective in this study.

Clinical evaluation of both failure/success
groups of patients revealed no significant change
in either heart rate or respiratory rate during the
early few hours of NIV, while the success group
showed significant appreciable improvement after
4 h from NIV. The lack of early clinical improve-
ment in both groups may be attributed to the
co-existence of other factors than the direct effect
of NIV on ARF. These factors are related to efficacy
of sedation, the capabilities of patients to adapt to
the applied interface together with other system-
ic effects of the underlying systemic disease such
as sepsis. After 4 h of NIV, significant improve-
ment was noted in the success group compared
to the NIV failure group, which started to show
even worsening of RR and HR. This effect though
was late but seemed to reflect the direct effect
of NIV on patients’ respiratory failure, as it cor-
related significantly with NIV outcome. Our data
are in agreement with Lum et al. [10], who noted
significant improvement in both RR and HR after
6 h. Mufioz-Bonet et al. [5] found significant im-
provement in RR and HR in both patient groups
after 4 h and explained it by early adaptation
with sedation or initial success followed by more
disease progression to result in NIV failure, and
hence concluded that clinical changes are import-
ant to observe in patients to assess progression
but are not considered as sole indicators or pre-
dictors of success or failure.

Concerning gasometric changes in our study, O,
tension showed marked improvement along the
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course of NIV in the success group patients, who
benefit most from NIV. On the other hand, CO,
tension changes were unremarkable in both the
success group and the failure group. Blood gas pa-
rameters are ambivalent in different pediatric stud-
ies [5, 10, 12]. So we believe that continuous mon-
itoring of blood gas analysis, though it is helpful in
predicting the outcome of NIV and can enable us to
modify the degree of respiratory assistance during
NIV, is considered an invasive tool that may not be
convenient enough for continuous monitoring.

The pulse oximetric saturation to fraction of
inspired oxygen (SF ratio) is a new and reliable
surrogate for monitoring patients’ oxygenation
and degree of acute lung injury, with the advan-
tage of replacing the invasive arterial blood sam-
pling and correlating patients’ oxygenation with
the important ventilatory support tool which is
FiO,. Many studies have correlated SF ratio with
PF ratio and acute lung injury, yet few studies
have started to search its utility to predict suc-
cess or failure for NIV [19]. In this study initial
SF ratio values of 163 with further increase after
one hour of NIV to 248 had appreciable ability in
predicting success of NIV. We support the use of
this simple index not only as an initial assess-
ment of patients’ readiness for NIV, but along the
NIV course to emphasize patients’ response and
outcome. Patients with successful NIV showed
lower EPAP needs and a faster decrease in FiO,
while maintaining appropriate pulse oximetry
saturation, and so the SF/EPAP ratio was an at-
tractive tool in combining two important venti-
latory support parameters (EPAP and FiO,) and
patients’ oxygen saturation. So when combining
SF/EPAP to SF measures, after 1 h from NIV we
can achieve modest sensitivity and even better
specificity in predicting success of NIV than using
the SF ratio alone. On the other hand, the oxy-
genation index (Ol) was the best predictor for NIV
success with levels below 7 in both univariate and
multivariate analysis in our study. Ol has been
used in some adult studies and showed compara-
ble results. We encourage the wide and frequent
use of Ol for its value in assessing both the venti-
latory parameters (MAR FiO,) and patients’ PaO,.
Unfortunately, it is not preferred by practitioners
due to its complexity of calculations and the use
of frequent arterial blood gas sampling, so we
started to use the saturation oxygenation index
instead, to avoid inconvenient, repetitive, invasive
arterial sampling.

In conclusion, NIV is a promising initial respira-
tory support modality in pediatric acute respirato-
ry failure. Proper selection of patients without de-
lay can ensure success of NIV. Oxygenation indices
together with mean airway pressure change after
the first hour from NIV trial represented the best
predictors of success of NIV in the current study.

Key messages

Selection of patients who will tolerate noninva-
sive ventilation is enormously important and can
be determined by patients’ PELOD scoring. Metic-
ulous observation of patients for the first 4 h on
NIV is of paramount importance in determining
tolerability and success of NIV and can be better
done by observing the oxygenation indices rather
than the clinical assessment alone.

What is already known?

Invasive ventilation is associated with many
ventilator-associated complications such as in-
fection and barotrauma. Non-invasive positive
pressure ventilation carries much less risk of ven-
tilation-associated complications. Delay in trache-
al intubation while the patient is on noninvasive
positive pressure ventilation may worsen patients’
mortality and morbidity.

What does this study add?

We tried to find early predictors of response
to noninvasive trial, and we found that the initial
critical illness scoring, PELOD score (not studied
before in such settings) and oxygenation indices
(saturation oxygenation index and SF ratio and
SF/EPAP — not studied before collectively in a sin-
gle study, but only one parameter at a time, and
the last one is not yet well known to pediatric in-
tensivists), can help pediatric intensive care phy-
sicians to decide which patient will benefit from
noninvasive ventilation and when to move into in-
vasive ventilation and abort the noninvasive trial.
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