
Pulmonol. 2018;24(4):241---249

www.journalpulmonology.org

ORIGINAL ARTICLE

Association between oxygenation and ventilation

indices with the time on invasive mechanical

ventilation in infants�

D.A. Camargo Barros Rocha a,1, F.A.L. Marson a,b,∗,1, C.C.B. Almeida a,
A.A. Almeida Junior a, J.D. Ribeiro a,∗

a Department of Pediatrics, School of Medical Sciences, University of Campinas, CEP: 13081-970, P.O. Box: 6111 Campinas, São

Paulo, Brazil
b Department of Medical Genetics, School of Medical Sciences, University of Campinas, CEP: 13081-970, P.O. Box: 6111 Campinas,

São Paulo, Brazil

Received 3 April 2017; accepted 26 October 2017

Available online 2 February 2018

KEYWORDS
Blood gas;
Infant;
Invasive mechanical
ventilation;
Oxygenation index;
Pediatric intensive
care unit;
Ventilation index

Abstract

Background: Invasive mechanical ventilation (IMV) is a common practice in pediatric intensive

care unit (PICU). However, the role of oxygenation (OI) and ventilation (VI) indices regarding

the time on IMV has not been fully understood.

Basic procedures: The study was conducted with infants up to 24 months of age, hospitalized

in PICU for two consecutive years. The values of ventilatory parameters, OI, VI, and blood gas

of infants, collected in the first seven days in IMV, were associated with the time on IMV. IMV

was classified into: short (≤seven days) and long time (>seven days). The comparison was made

from the first to the seventh day. Alpha = 0.05.

Abbreviations: AHRF, acute hypoxemic respiratory failure; FiO2, fraction of inspired oxygen; FRmec, mechanical respiratory frequency;
IMV, invasive mechanical ventilation; MV, mechanical ventilation; OI, oxygenation index; PaCO2, partial pressure of carbon dioxide; PaO2,
partial pressure of oxygen; PAW, mean airway pressure; PEEP, positive end-expiratory pressure; PICU, pediatric intensive care unit; Pinsp,
inspiratory airway pressure; PIP, peak inspiratory pressure; RSBI, rapid shallow breathing index; SIMV, synchronized intermittent mandatory
ventilation; VI, ventilatory index.
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Main findings: Of 142 infants [mean age = 7.51 ± 6.33 months], 59 (41.5%) remained on IMV for

a short time and 83 (58.5%) for a long time. Differences in PaO2 values were found on the

second day, and PaO2/FiO2 ratio on the second, third and fourth days, with higher values in the

short-term IMV. For FiO2 from the second to the fifth day; Pinsp from the first to the seventh

day; PEEP from the second to the sixth day; mechanical respiratory frequency from the second

to the seventh day, PaCO2 on the second day; Paw from the first to the seventh day, OI from

the second to the sixth day, and VI from the first to the seventh day, the values were higher in

the long-term IMV.

Conclusions: The OI and VI can be considered as potential predictors of long-term IMV, along

with other markers obtained during the IMV.

© 2017 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Lungs of infants and children are not miniature lungs of an
adult; numerous changes and remodeling occur from birth
to adulthood.

Tighter peripheral airways seem to be an important risk
factor for respiratory disease in infancy. In the newborn
period and even in the first years of life, corticosteroids,
mechanical ventilation (MV), oxygen, malnutrition, and
inflammation may interfere with alveolarization.1

Recently, MV has become a common practice in the pedi-
atric intensive care unit (PICU). Lung disease is the main
indication for ventilatory support in children; however, MV
may be applied in numerous circunstances.2 In the PICU
about 30% (20% to 64%) of patients are mechanically ven-
tilated with an average of five to six days on invasive
mechanical ventilation (IMV).3,4 Approximately, 17% to 41%
of the patients require MV for periods longer than 12 h.5

The time on MV is directly associated with infection
in patients, upper airway trauma, longer hospital stay,
more complications, stress, increase in the cost of treat-
ment, and increased mortality.6---13 The negative results of
delayed or premature extubation, such as increased mor-
bidity, mortality and costs,4 led to efforts to improve the
predictive factors for extubation outcome and time on
IMV. The ability of the traditional indicators of weaning
(respiratory rate, tidal volume, maximal inspiratory pres-
sure, and frequency---tidal volume ratio) to discriminate
children with successful extubation and those requiring
reintubation are limited.3 The respiratory monitoring of
critically ill patients is crucial to revealing the physiolog-
ical variables that will predict the success or failure of
weaning.13

Studies on the oxygenation (OI) and ventilation (VI)
indices have shown positive correlation with the time on
MV, aiding in the discovery of the patient’s prognosis during
the early stage of the disease, so the IMV is installed. The
OI and VI can be measured at the bedside.

In this context, the study aimed at associating OI and VI
values, other ventilatory markers, and blood gas with the
time infants spend on IMV in a PICU.

Material and methods

A descriptive cross-sectional study was conducted in a PICU
of a 20-bed Pediatric Therapy Unit of the Hospital de

Clínicas --- University of Campinas (Unicamp). In our data, 142
patients were included and submitted to IMV, from 28 days
to 24 months, admitted during two consecutive (2014 and
2015) years. The Ventilador InterTM 5 Plus (Intermed Equipa-
mento Médico Hospitalar

®
, São Paulo, Brazil) was used in our

study. The study was approved by the University Research
Ethics Committee from University of Campinas (#226/2008).
The informed consent form was obtained from the primary
caregivers of the patients included in the study.

The inclusion criteria were: age between 28 days and
24 months; intubation and IMV initiated during the study
period; extubation during the study period; and permanence
on IMV for at least 24 h.

The exclusion criteria were: transfer of the infant from
the unit before extubation; transfer of the intubated infant
from another hospital; subsequent intubation of infants
already included; neonates and patients suffering conditions
associated with venous admixture to arterial blood. In our
data, there were no patients without a cuffless tube to be
excluded.

All patients enrolled underwent endotracheal intubation
(cuffed tube) prior to IMV initiation in synchronized intermit-
tent mandatory ventilation (SIMV) mode, time-cycled and
pressure-limited. In our service, at the time of the study,
the patients were in SIMV mode for weaning. We did not
use pressure support during weaning, and no patient used
volume control ventilation nor had noninvasive ventilation
prior to reintubation.

Indication for weaning and extubation were performed
by interdisciplinary clinical decision. Although there is no
specific weaning protocol in the referenced PICU, the con-
ditions for extubation were: improvement or resolution of
the underlying cause of acute respiratory failure; ability
to perform gas exchange spontaneously, verified by oxy-
gen saturation and blood gas, without respiratory distress;
and achievement of hemodynamically stability. The ven-
tilatory parameters considered appropriate for extubation
were: fraction of inspired oxygen (FiO2) ≤ 0.4, peak inspi-
ratory pressure (PIP) ≤ 25 cm H2O, positive end-expiratory
pressure (PEEP) ≤ 5 cm H2O, respiratory rate ≤ 10 cycles per
minute. The weaning was achieved gradually by reducing
the mechanical respiratory frequency (FRmec) of SIMV con-
comitantly with the reduction of pressures of the same
ventilatory mode, maintaining the values of gas exchange
and pH within physiological limits. Extubation failure was
defined as reintubation and need for IMV within 48 h.
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The clinical and laboratory markers collected from medi-
cal records were: age, gender, diagnosis, date and time of
intubation, date and time of extubation, parameters of IMV
[airway inspiratory pressure (Pinsp), FiO2, PEEP and FRmec]
and variables of arterial blood gas [partial pressure of oxy-
gen (PaO2) and carbon dioxide (PaCO2)]. Data on blood gas of
the first seven days on IMV along with the data of the respec-
tive MV parameters were collected and used to calculate OI
and VI. The first blood gas analysis values obtained 20 min
after intubation and initiation of positive pressure venti-
lation were used, and each day, during seven days, blood
gas values were collected from IMV patients to calculate OI,
VI and PaO2/FiO2 ratio. The arterial blood gas sample was
collected every day, approximately 24 h after the previous
collection, and no arterial line was applied.

The measure of OI and VI was performed as follows:
OI = [FiO2 × Paw (mean airway pressure) × 100]/PaO2 and
VI = (PaCO2 × PIP × FRmec)/1000. The Paw was calculated as
follow: PEEP + (PIP-PEEP)/3. No normal values were found
for OI and VI, since the indices are measured in sick, intu-
bated and ventilated patients.

Statistical analysis was performed by the association
within ventilatory parameters, OI, VI and blood gas variables
collected from 142 infants throughout the first seven days of
IMV with the time the patient remained on IMV divided into
two groups: ≤seven days or >seven days. Moreover, the OI
and VI data were compared between the group of patients
who died during the study and the others, relating to the
seven days analyzed. IMV indication was compared with the
time on IMV and the OI and VI values, over the seven days
analyzed. Finally, the failed extubation was compared with
the OI and VI values in all days analyzed.

Statistical analysis was performed by Statistical Package
for Social Sciences version 21 (SPSS Inc., Chicago, IL, USA).
For statistical analysis, the groups of patients, of less and
more than seven days on IMV, were compared by the non-
parametric Mann---Whitney U test. The difference between
the days for OI and VI was calculated by the Friedman’s
Two-Way Analysis of Variance test. The association between
time on IMV and IMV indication was performed by the
�2 test. We adopted ˛ (alpha) = 0.05. The nonparametric
distribution was analyzed by the Shapiro---Wilk test and
Kolmogorov---Smirnov test.

Results

The study enrolled 142 infants, where 83 (58.5%) were male,
with mean age of 7.51 ± 6.33 months and mean weight of
6.18 ± 3.38 kg. The rate of IMV for short (≤7 days) and
long time (>7 days) in the sample enrolled was, respec-
tively, 41.5% (59 infants) and 58.5% (83 infants). The rate of
failed extubation was 26 (18.3%), and there were 24 deaths
(16.9%). No difference was found between the sex of the
patient on IMV for short (≤7 days, males = 33/59) and long
time (>7 days, males = 49/83) (p-value = 0.73).

Table 1 shows the patients’ distribution per indica-
tion for IMV. No difference was observed between IMV
indication for short (≤7 days) and long time (>7 days)
(p-value = 0.278). Regarding the IMV indication and pres-
ence of failed extubation, no association was achieved
(p-value = 0.929). However, we observed a higher odds ratio

of death in patients with IMV indication due to Metabolic
plus hemodynamic problem (OR = 4.846; 95%CI = 1.77---13.27;
p-value = 0.018).

Table 2 shows the variables that were analyzed in the first
seven days of IMV, comparing infants who remained on IMV
for short and long time. There were differences in mean
values of FiO2 from the second to the fifth day; PIP from
the first to the seventh day; PEEP from the second to the
sixth day; PaO2 on the second day; PaO2/FiO2 on the second,
third and fourth days, and Paw from the first to the sev-
enth day (p-value < 0.05). Moreover, the pH values were the
same between the groups evaluated (p-value > 0.05), except
for the second day (p-value = 0.006); ≤7 days, median = 7.42
(minimum to maximum = 7---7.64); >7 days = 7.36 (minimum
to maximum = 7.11---7.64).

Difference was found in OI values from the second to
the sixth day, and in VI values from the first to the sev-
enth day, which were higher in the long-term IMV group
(p-value ≤ 0.05). OI and VI values are shown respectively in
Table 3.

In addition, we compared the OI and VI values among
the IMV indication. In our data, the IMV indication was
associated with the values achieved from indices analyzed,
mainly for VI values. The indication due to respiratory
symptoms showed values higher than the other possibili-
ties in all days analyzed (p-value < 0.01) (Table 4). Finally,
for the failed extubation, we observed only association
with IV in the first day [presence of failed extuba-
tion, mean = 31.68 ± 19.94, median = 26.37 (minimum = 4.31
and maximum = 136.22); absence of failed extubation,
mean = 22.25 ± 8.57, median = 21.61 (minimum = 7.45 and
maximum = 44.63)] (p-value = 0.014).

Fig. 1 shows the values of OI (Fig. 1A) and VI (Fig. 1B)
of the 142 infants in the first seven days on IMV, comparing
short and long time on IMV.

In our data, 24/142 (16.9%) showed progression to death.
However, no positive association between patient death and
the variables included, mainly for OI and VI, was described
in our data (p > 0.05).

Discussion

In this study, the OI and VI values were associated with time
infant patients spent on IMV.

Due to calculation of the OI included in its formula,
FiO2/PaO2 ratio and Paw could be considered an effective
index to determine the price to be paid for an inadequate
oxygenation.2,14,15 Recent studies on OI were published with
the purpose of using OI as parameter to assess thera-
peutic interventions in mechanically ventilated neonates
and children.16---21 Studies using OI as a predictor of extu-
bation failure were initiated by Khan et al. (1996), who
enrolled 208 children and found that OI > 4.5, immediately
before extubation, was a risk marker for reintubation. The
same study evaluated the compliance, respiratory rate, oxy-
genation, and pressure indices, widely used in adults to
predict extubation success and failure, but it was not effec-
tive in pediatrics.14 Some studies examined other indices
used in adults to predict successful extubation in children,
e.g., rapid shallow breathing index and maximal inspira-
tory pressure; however, the exact cutoff points for these
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Table 1 Distribution of infants per invasive mechanical ventilation indication.

Time on invasive mechanical ventilation

IMV indication ≤Seven days >Seven days Total p-value

Respiratory 31 54 85 0.278
Postsurgical 12 9 21
Neurological 5 9 14
Metabolic plus hemodynamic 11 11 22

Progression to death

IMV indication Yes No Total p-value

Respiratory 10a 75 85 0.018

Postsurgical 4b 17 21

Neurological 1c 13 14

Metabolic plus hemodynamic 9d 13 22

Extubation failure

IMV indication Yes No Total p-value

Respiratory 16 69 85 0.929

Postsurgical 4 17 21

Neurological 3 11 14

Metabolic plus hemodynamic 3 19 22

IMV, invasive mechanical ventilation; N, number of patients. The statistical analysis was performed by the �2 test. The positive p-value
is set in bold. Alpha = 0.05.

a OR = 0.409; 95%CI = 0.168---1.001.
b OR = 1.188; 95%CI = 0.316---3.906.
c OR = 0.351; 95%CI = 0.043---2.82.
d OR = 4.846; 95%CI = 1.77---13.27. OR, odds ratio; 95%CI, 95% confidence interval.

indices to predict successful extubation in children were not
identified.9,22 Khan et al. (2000) conducted another study
including 312 patients to study the predictors previously
analyzed, and it was found that despite changes in clinical
practice, the OI remained a good predictor and was able to
determine points of low and high risk for extubation failure
in infants and children.15 In studies involving the OI and VI
on IMV, association was found on the second day after initia-
tion of IMV.6,8,23 In this case, the first 24 h after initiation of
IMV are considered an adjustment period for the ventilatory
parameters and patient stabilization. In our study, the OI
showed difference when comparing patients who remained
on IMV for short and long time from the second to the sixth
day and for VI from the first to the seventh day.

The VI is a measure of respiratory disorder that considers
both changes in the management of ventilator, by incorpo-
rating the FRmec and Pinsp parameters into its formula, and
the patient response to therapy established by PaCO2.

Paret et al. (1998) conducted the first study that eval-
uated the correlation of VI with time on IMV and found
the predictive value for VI from the third to the fifth day,
regarding prognosis of acute respiratory distress syndrome.
Sorting the survivors and non-survivors, the value of VI was
higher in non-survivors, determining VI > 65 as a predictor of
mortality.24 Bont et al. (2000) showed that the mean of the
VI calculated from three measurements from the early 24 h
after the IMV initiation in acute viral bronchiolitis in infants,
corresponded to the time spent on IMV.25

In the study by Barros et al. (2011), the OI and VI in
the first five days of IMV in pediatric patients were ana-

lyzed and an association between the OI on the third and
fifth days and VI on the third, fourth and fifth days with the
time on IMV was found. However, considering the time spent
on IMV [short time (<7 days) and long time (≥7 days)], dif-
ference was found for the VI from the second to the fifth
day, and for the pH on the fourth and fifth days. For the
OI, no statistical difference was observed.6 In our study, we
identified differences in the OI from the second to the sixth
day. The OI values, on these days, were higher in the long-
term IMV, indicating greater patient severity. This difference
can be observed in Barros et al. (2011), with a smaller and
heterogeneous sample, including pediatric patients from
different age groups.6 Almeida et al. (2005) found associ-
ation between time spent on IMV and VI from the second
to the fifth day in infants with acute viral bronchiolitis, and
a cutoff value of 37 for the VI was stipulated, reflecting a
progressive increase in the risk of long-term IMV.8

In our data, no positive association was found between OI
and VI and mortality. Peters et al. (1998) did not find differ-
ence for the OI, VI and for other markers analyzed between
the group of survivors and non-survivors when analyzing 118
patients with acute hypoxemic respiratory failure (AHRF).26

Traschel et al. (2005) included 131 children with AHRF
and found that the OI was predictive of the AHRF severity
and risk of death; however, low accuracy was observed.23

Ghuman et al. (2012) analyzed 95 children mechanically
ventilated in AHRF to identify the relationship between
oxygenation markers and mortality. Association was found
between OI and other markers with high risk of death.5 Silva
et al. (2009) used the indices: Pinsp, pH, PaO2/FiO2 ratio,
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Table 2 The invasive mechanical ventilation variables of infants who were ≤7 days and >7 days on invasive mechanical ventilation.a

Day IMV N FiO2 PIP PEEP PaO2 PaCO2 FRmec PaO2/FiO2 Paw

1◦ ≤7 days 59 0.589 ± 0.22;

0.5

25.12 ± 6.02;

25

5.57 ± 1.89; 5 112.46 ± 54.45;

91.8

35.82 ± 12.08;

35.3

27.68 ± 6.25;

27

218.4 ± 123.88;

218.4

12.09 ± 3.12;

11.67

>7 days 82 0.598 ± 0.2;

0.55

28.37 ± 6.44;

27.5

6.05 ± 2.02; 5 114.09 ± 47.41;

106

40.22 ± 16.72;

37.15

28.38 ± 4.56;

28

209.2 ± 99.72;

198.75

13.49 ± 2.98;

13.33

p-value 0.497 0.001 0.088 0.626 0.122 0.236 0.904 0.001

2◦ ≤ 7 days 58 0.451 ± 0.16;

0.4

24.17 ± 5.72;

23

5.43 ± 1.82; 5 108.44 ± 35.37;

104.5

34.07 ± 10.08;

33.15

24.79 ± 8.02;

25

271.49 ± 191.13;

278.36

11.68 ± 2.87;

11.5

>7 days 83 0.537 ± 0.15;

0.5

28.6 ± 7.21; 27 6.41 ± 2.37; 6 95.82 ± 32.67;

91

40.94 ± 12.08;

39

27.65 ± 5.79;

28

191.13 ± 76.09;

183.3

13.81 ± 3.57;

13

p-value <0.001 <0.001 0.006 0.024 0.001 0.001 <0.001 <0.001

3◦ ≤7 days 53 0.413 ± 0.12;

0.4

21.55 ± 5.66;

20

5.13 ± 1.47; 5 108.4 ± 36.8;

104

36.23 ± 11.13;

35

20.7 ± 7.59; 20 278.51 ± 98.13;

29

10.6 ± 2.67; 10

>7 days 81 0.488 ± 0.15;

0.45

28.54 ± 7.41;

27

6.25 ± 2.51; 5 102.36 ± 39.37;

96.4

40.90 ± 17.15;

38

27.69 ± 6.23;

28

228.17 ± 99.76;

220.25

13.68 ± 3.65;

13.33

p-value <0.001 <0.001 0.002 0.266 0.087 <0.001 0.005 <0.001

4◦ ≤7 days 34 0.406 ± 0.12;

0.4

21.29 ± 3.77;

21

5.03 ± 1.34; 5 103.95 ± 31.78;

106

36.57 ± 8.35;

36.6

19.00 ± 6.43;

20

277.55 ± 110.15;

272.5

10.45 ± 2.67;

10.33

>7 days 80 0.494 ± 0.15;

0.465

27.11 ± 6.56;

25

6.05 ± 2.09; 5 106.69 ± 37.85;

100.5

40.43 ± 13.98;

39.95

26.60 ± 6.37;

25

236.74 ± 109.34;

230.38

13.07 ± 3.16;

12.33

p-value <0.001 <0.001 0.008 0.939 0.111 <0.001 0.043 <0.001

5◦ ≤7 days 21 0.433 ± 0.18;

0.4

20.09 ± 3.95;

20

5.05 ± 1.77; 5 93.01 ± 34.06;

91.3

39.41 ± 11.74;

40

18 ± 7.78; 20 253.09 ± 122.92;

265.67

10.06 ± 2.16;

10

>7 days 81 0.499 ± 0.14;

0.45

26.62 ± 6.58;

25

6.26 ± 2.22; 5 96.06 ± 30.86;

95.9

42.39 ± 9.93;

41.6

24.32 ± 5.56;

25

207.31 ± 85.03;

191.8

13.04 ± 3.26;

12.33

p-value 0.006 <0.001 0.004 0.706 0.075 0.001 0.079 <0.001

6◦ ≤7 days 15 0.42 ± 0.09; 0.4 20.2 ± 4.43; 20 4.8 ± 1.7; 5 100.03 ± 25.99;

99.8

39.96 ± 4.46;

40.5

14.8 ± 5.83; 15 251.89 ± 87.13;

296.67

9.93 ± 2.47; 10

>7 days 81 0.498 ± 0.17;

0.4

26.73 ± 6.62;

25

6.54 ± 2.69; 6 101.23 ± 36.38;

94

42.63 ± 11.7;

41

23.51 ± 5.88;

25

223.72 ± 91.69;

215.71

12.27 ± 3.59;

12.33

p-value 0.143 <0.001 0.003 0.778 0.603 <0.001 0.274 <0.001

7◦ ≤7 days 5 0.37 ± 0.174;

0.3

17.40 ± 2.41;

16

4.4 ± 2.19; 3 87.96 ± 24.13;

91.9

41.76 ± 6.13;

43.1

16.4 ± 2.51; 15 255.08 ± 101.35;

238.67

8.73 ± 2.19;

7.33

>7 days 78 0.474 ± 0.149;

0.4

25.88 ± 6.57;

25

6.31 ± 2.51; 5 103.09 ± 35.76;

97.7

40.76 ± 9.11;

41.35

22.55 ± 6.38;

22

239.61 ± 112.97;

226.25

12.83 ± 3.52;

12

p-value 0.121 <0.001 0.055 0.385 0.676 0.013 0.622 0.003

N, number of patients; IMV, invasive mechanical ventilation; FiO2, fraction of inspired oxygen; PIP, peak inspiratory pressure; PEEP, positive end-expiratory pressure; PaO2, partial pressure
of oxygen; PaCO2, partial pressure of carbon dioxide; FRmec, mechanical respiratory frequency; PAW, mean airway pressure. The statistical analysis was performed by the Mann---Whitney
U test. The positive p-value is set in bold. Alpha = 0.05.

a Data are shown as mean ± standard deviation (median); median.
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Table 3 Oxygenation index and ventilatory index in infants in short and long-term invasive mechanical ventilation in the first

seven days of invasive mechanical ventilation.

Days Time N Mean Standard deviation Median Confidence interval Minimum Maximum p-value

5% 95%

Oxygenation index

1◦ ≤7 days 59 8.92 9.05 5.63 6.56 11.28 1.7 59.3 0.331
>7 days 82 8.7 6.68 7.07 7.23 10.17 2.5 46.5

2◦ ≤7 days 58 6.28 6.01 4.15 4.7 7.86 1.5 27 <0.001

>7 days 83 9.1 6.38 7.05 7.71 10.5 2.6 39.6

3◦ ≤7 days 53 4.96 4.09 3.45 3.83 6.09 1.6 20 <0.001

>7 days 81 7.95 5.67 6.08 6.69 9.2 2.2 31.1

4◦ ≤7 days 34 4.85 3.37 3.47 3.67 6.03 1.4 15.4 0.001

>7 days 80 7.24 4.96 5.89 6.14 8.35 1.5 23.7

5◦ ≤7 days 21 6.26 6.08 3.62 3.49 9.02 1.7 27.9 0.011

>7 days 81 7.87 5.22 6.33 6.72 9.02 2.3 34.1

6◦ ≤7 days 15 4.68 2.6 3.62 3.25 6.12 2.3 9.9 0.001

>7 days 81 7.77 6.15 6 6.41 9.13 1.7 42.5

7◦ ≤7 days 5 3.98 1.83 4.19 1.71 6.25 1.9 6.2 0.117
>7 days 78 7.26 5.76 5.38 5.96 8.56 1.6 33.3

Ventilatory index

1◦ ≤7 days 59 26.21 18.13 22.4 21.48 30.93 4.3 136.2 0.009

>7 days 81 32.64 18.76 26.88 28.5 36.79 5.5 126

2◦ ≤7 days 58 22.6 17.33 16.33 18.05 27.16 5 84.4 <0.001

>7 days 83 32.99 17.59 27.26 29.15 36.83 5.8 83

3◦ ≤7 days 53 17.84 14.74 16.39 13.78 21.9 2.9 85.7 <0.001

>7 days 81 33.65 20.75 29.06 29.06 38.24 6.6 109.7

4◦ ≤7 days 34 14.78 7.56 12.05 12.14 17.42 3.6 37.6 <0.001

>7 days 80 30.23 15.44 27.61 26.8 33.67 3.4 81.9

5◦ ≤7 days 21 15.03 7.71 12.44 11.52 18.54 4.8 31.4 <0.001

>7 days 81 29.14 16.63 25.5 25.46 32.82 7.6 103.8

6◦ ≤7 days 15 12.44 6.97 11.53 8.58 16.3 3.2 29.5 <0.001

>7 days 81 28.3 16.63 25.63 24.63 31.98 4.9 95.8

7◦ ≤7 days 5 12.35 4.87 11.04 6.3 18.4 7.8 19.1 0.009

>7 days 78 25.12 14.39 22 21.87 28.36 4.5 75.6

OI, oxygenation index; VI, ventilatory index; N, number of patients. The statistical analysis was performed by the Mann---Whitney U test.
The positive p-value is set in bold. Alpha = 0.05.

OI and VI in 48 h of IMV to assess the risk of mortality, and
long-term MV in 49 children in PICU. In the study, values
of Pinsp > 25 cm H2O was a predictor of mortality and long-
term MV; and PaO2/FiO2 ratio, pH, OI and VI in 48 h were
predictors of mortality.27 The studies that identified asso-
ciation between mortality and OI and VI were made with
children, and more studies should be conducted to verify
possible association between these variables in infants.

In our study, other variables showed association with the
IMV in infants. The most significant variables were: Pisnp
from the first to the seventh day, FRmec from the second
to the seventh day, and Paw from the first to the seventh
day on IMV. However, we cannot affirm that these varia-
bles are effective in predicting long-term IMV, because the
results demonstrate that patients who remained in long-
term IMV required higher parameters from the beginning
of ventilatory support. All the parameters cited, including
Paw, represent parameters of the MV and do not consider
the response of the patient at the time of examination. The
PaO2/FiO2 ratio contains the FiO2 and considers the patient
response at the time of assessment, represented by PaO2,
showing a difference between patients in short and long-
term IMV from the second to the fourth day. The OI considers
in its formula the oxygenation parameters and the PaO2.
The OI showed differences from the second to the sixth

day, which may be because it is the most complete index
that considers the PaO2/FiO2 ratio and the Paw. Moreover,
the PaCO2 was significant in assessing the patient on IMV
only on the second day, while the evaluation by VI, which
includes PaCO2 along ventilatory parameters, FRmec and
Pinsp, showed difference among patients who remained on
IMV for short and long-term from the first to the seventh
day.

In our data, the low initial values of PCO2, in some
patients, were obtained in the blood gas analysis, show-
ing the need for decreasing the ventilation parameters. The
parameters were altered after the assessment of the value
by gasometry.

A limitation of the study is the heterogeneity of the
population, which does not allow for inference of a cutoff
value for VI and OI from which longer IMV, extubation fail-
ure, among other markers. Weaning and extubation protocol
were limiting factors for generalizing our findings. In our
unit, there is not a standard protocol, and in this case, the
extubation was defined by the interdisciplinary team. Fur-
ther studies are needed to define weaning and extubation
protocols in pediatrics, and predictive indices of long-term
MV and extubation failure in order to assist the therapist at
this moment, that is, the withdrawal from IMV without harm
to the patient.
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Table 4 Distribution of infants per invasive mechanical ventilation indication regarding oxygenation (OI) and ventilation indices

(VI).#

IMV indication

Day 1 N OI p-value VI p-value

Respiratory 85* 7.26 (2.35---46.51) 0.455 31.06 (12.8---126) <0.001a

Postsurgical 20 4.34 (1.68---26.08) 20.38 (4.31---39)
Neurological 14 5.92 (2.35---25.37) 25.02 (10.08---51.6)
Metabolic plus hemodynamic 22 6.7 (1.85---59.26) 16.98 (5.5---136.22)

Day 2 N OI p-value VI p-value

Respiratory 85 6.41 (1.53---39.56) 0.04b 30.91 (8.52---82.95) <0.001c,d

Postsurgical 21 5.24 (1.9---30.86) 14.96 (5.02---38.13)

Neurological 13 5.49 (1.81---9.92) 23.76 (8.89---58.43)

Metabolic plus hemodynamic 22 3.99 (2.06---26.25) 17.54(5.8---84.37)

Day 3 N OI p-value VI p-value

Respiratory 82 5.15 (2.21---23.87) 0.046b 30.74 (3.29---109.71) <0.001c

Postsurgical 20 4.12 (1.61---22.77) 14.78 (2.94---26.18)

Neurological 13 3.35 (2.6---10.64) 17.85 (6.61---45.81)

Metabolic plus hemodynamic 19 3.45 (2.02---31.06) 14 (6.6---94.5)

Day 4 N OI p-value VI p-value

Respiratory 71 5.66 (1.88---23.68) 0.077 28.13 (5.68---81.88) <0.001a,d

Postsurgical 16 4.34 (1.35---17.07) 15.34 (3.6---26.42)

Neurological 9 5.44 (2.22---11.07) 22.13 (12.1---43.39)

Metabolic plus hemodynamic 18 3.24 (1.51---15.38) 13.8 (3.38---33)

Day 5 N OI p-value VI p-value

Respiratory 61 6.24 (2.11---34.07) 0.069 26.49 (8.34---103.8) <0.001c

Postsurgical 14 7.33 (1.67---27.94) 15.86 (7.83---31.42)

Neurological 10 4.43 (2.27---10.53) 16.82 (7.63---37.25)

Metabolic plus hemodynamic 17 4.08 (2.1---17.84) 14.26 (4.79---41.44)

Day 6 N OI p-value VI p-value

Respiratory 61 5.86 (1.68---42.46) 0.841 27.88 (4.87---95.76) <0.001a

Postsurgical 13 5.22 (2.28---15.16) 14.3 (3.22---26.88)

Neurological 9 6.83 (2.99---14.29) 21.36 (7.3---36.86)

Metabolic plus hemodynamic 13 3.8 (2.36---18.06) 16.63 (4.92---77.28)

Day 7 N OI p-value VI p-value

Respiratory 55 5.01 (2.36---33.33) 0.973 23.28 (4.5---75.64) 0.004a

Postsurgical 11 5.41 (1.9---10.14) 16 (7.75---22.93)

Neurological 8 5.57 (3.09---9.56) 19.38 (9.72---34.61)

Metabolic plus hemodynamic 9 5.78 (1.57---19.9) 18.35 (7.62---30.72)

* N for VI = 84.
a Respiratory indication showed difference in comparison with postsurgical and metabolic plus hemodynamic.
b Respiratory showed difference with metabolic plus hemodynamic.
c Respiratory showed difference in comparison with postsurgical, neurological and metabolic plus hemodynamic.
d Postsurgical showed difference with neurological.
# Data are shown by median (minimum to maximum). The statistical analysis was performed by the Mann---Whitney U test. The positive

p-value is set in bold. Alpha = 0.05.

Conclusions

The OI and VI showed association with the time on
IMV in infants and maybe considered possible predic-
tors of long-term IMV. It may be important to assess
the conditions of the patient who undergoes intu-

bation at the onset of the process, to adjust the
ventilation parameters correctly according to the evo-
lution of the patient, as well as to establish changes
in therapeutic approaches when needed, reducing the
risk of injury induced by MV, oxygen toxicity, and
mortality.
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Figure 1 (A) Oxygenation index in the first seven days of invasive mechanical ventilation (IMV). The p-value [mean to ≤7days ±

standard deviation; median (green line) and mean to > 7 days ± standard deviation; median (red line)] was shown in sequence to

oxygenation index. Day 1 (141 patients): p-value = 0.331 (8.92 ± 9.05; 5.63 and 8.7 ± 6.68; 7.07). Day 2 (141 patients): p-value <

0.001 (6.28 ± 6.01; 4.15 and 9.1 ± 6.38; 7.05). Day 3 (134 patients): p-value = 0.001 (4.96 ± 4.09; 3.45 and 7.95 ± 5.67; 6.08). Day

4 (114 patients): p-value = 0.001 (4.85 ± 3.37; 3.47 and 7.24 ± 4.96; 5.89). Day 5 (102 patients): p-value = 0.011 (6.25 ± 6.08; 3.62

and 7.87 ± 5.22; 6.33). Day 6 (96 patients): p-value = 0.01 (4.68 ± 2.6; 3.62 and 7.77 ± 6.15; 6). Day 7 (83 patients): p-value = 0.117

(3.98 ± 1.83; 4.19 and 7.25 ± 5.76; 5.38). Differences were found in oxygenation index from the second to the sixth day, the values

were higher in the long-term IMV. Also, we compared the evolution of oxygenation index among IMV days according to ≤ short

time (p-value = 0.033) and long time (p-value < 0.001). (B) Ventilatory index in the first seven days of IMV. The p-value [mean

to ≤7days ± standard deviation; median (green line) and mean to >7 days ± standard deviation; median (red line)] was shown in

sequence to the oxygenation index. Day 1 (140 patients): p-value = 0.009 (26.21 ± 18.13; 22.4 and 32.64 ± 18.76; 26.88). Day 2 (141

patients): p-value < 0.001 (22.6 ± 17.33; 16.33 and 32.99 ± 15.59; 27.26). Day 3 (134 patients): p-value < 0.001 (17.84 ± 14.74;

16.39 and 33.65 ± 20.75; 29.06). Day 4 (114 patients): p-value < 0.001 (14.78 ± 7.56; 12.05 and 30.23 ± 15.44; 27.61). Day 5 (102

patients): p-value < 0.001 (15.03 ± 7.71; 12.44 and 29.14 ± 16.63; 25.5). Day 6 (96 patients): p-value < 0.001 (12.44 ± 6.97; 11.53

and 28.3 ± 16.63; 25.63). Day 7 (83 patients): p-value = 0.009 (12.35 ± 4.87; 11.04 and 25.12 ± 14.39; 22). Differences were found

in ventilation index from the first to the seventh day, the values were higher in the long-term IMV. Also, we compared the evolution

of ventilation index among IMV days according to ≤ short time (p-value < 0.001) and long time (p-value < 0.001). We adopted the

alpha = 0.05 for all statistical tests performed. Data were analyzed by the Mann---Whitney U test and Friedman’s test Two-Way Analysis

of Variance test.
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