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Background: A consensus on the definition of prolonged mechanical ventilation
(PMV) for children does not exist. There is still lack of published work presenting
the epidemiology, risk factors and outcomes at different cut-points for PMV
patients. These are important for planning the goals of treatment and
counseling of the prognosis for patient families. We aimed to determine the
incidence, baseline characteristics, risk factors and outcomes of PMV in pediatric
patients at various cut-points (>14, >21 or >30days).

Methods: A retrospective cohort study among children <18-years-old who were
PMV >14 days in the PICU of King Chulalongkorn Memorial Hospital was
conducted. The primary outcomes were incidence of PMV with various
cut-points. We stratified patients into three groups (Group 1; PMV>14-21,
Group 2; >21-30, Group 3; >30 days) for evaluating the baseline characteristics,
risk factors, and outcomes of PMV (extubation success, tracheostomy status and
death). Factors associated with PMV and deaths were analyzed using univariate
and multivariate logistic regression.

Results: From January 2018 to August 2022, 1,050 patients were screened. Of
these, 114 patients were enrolled. The incidence of PMV > 14, >21 and >30 days
were 10.9%, 7.3% and 5.0% respectively. Extubation success was significantly
lower in Group 3 than in Groups 1 & 2 (15.4% vs. 62.2% & 56.0%, P<0.001).
Consequently, the tracheostomy rate (63.5% vs. 16.2% & 12.0%, P<0.001), VAP
rate (98.1% vs. 59.5% & 80.0%, P<0.001), mortality rate by disease (34.6% vs. 5.4%
& 20.0%, P=0.003), median PICU LOS (50.5 vs. 22.0 & 28.0 days, P<0.001) and
median hospital LOS (124.5 vs. 55.0 & 62.0 days, P<0.001) were also significantly
higher for Group 3 compared with Groups 1 & 2. The factor associated with
PMV>30 days was VAP (aOR: 19.53, 95% CI. 2.38-160.34, P=0.01). Factors
associated with non-surviving patients were 3rd degree PEM (aOR: 5.14, 95% ClI:
157-16.88, P=0.01), PIM3 score >14 (aOR: 6.75, 95% Cl: 2.26-20.15, P<0.001)
and muscle relaxant usage (aOR: 5.58, 95% Cl: 1.65-18.86, P = 0.01).

Conclusion: Extubation failure, tracheostomy rate, VAP rate, mortality rate by
disease, PICU LOS and hospital LOS were significantly higher for PMV >30 days.
Consequently, we suggest that a 30-day duration as a cut-point for PMV in PICUs
might be more appropriate.
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Introduction

Medical advances, lower mortality and increased morbidity
have increased the number of patients requiring prolonged
mechanical ventilation (PMV) (1). In 2005, the
Association for Medical Direction of Respiratory Care
(NAMDRC) defined PMV for adults as the need for >21
consecutive days of mechanical ventilation for >6h/day of

National

invasive and/or noninvasive methods of delivery. This cut-point
was for most adult patients who were transferred to a long-term
acute care (LTAC) hospital and had received ventilation for at
least 21 days. The rate of PMV incidence in USA was estimated
to be 3%-7% of mechanical ventilation (MV) patients (2-4).
However, the PMV rate in China was surprisingly high, 36.1% of
adults in ICUs (5).

Currently, a consensus of the definition of PMV for children
does not exist. Therefore, published literature reports show a
variability in the duration of PMV ranging from 2 to 30 days
(6-11),
noninvasive ventilation (NIV), and a lack of standardization

a lack of standardization about the inclusion of
about the inclusion of times when a child is ventilator-free
during weaning (12). José Colleti Jr et al. reviewed the existing
definitions of PMV in children and found the most frequent
thresholds in duration cited were 7, 14, 21 and 30 days (11).
However, existing evidence and our experience found that the
majority of patients in PICUs can be extubated before 14 days
and MV for more than 15 days is associated with extubation
failure (6, 7, 13). Recently, Liu et al. reported the incidence of
PMV >14 days of a PICU in China was 33.2% (14). Three
studies used a PMV cut-point >21 days showing an incidence of
approximately 2.5%-9.0%. Chronic comorbidities were reported
in 85% of the patients. Mortality ranged from 37.7% to 48.0% (1,
9-11). Ramirez et al. conducted a study of PMV >30 days in
thirty-three PICUs in Spain. The incidence where PMV > 30 days
was 30% (15). The published risk factors associated with PMV
were younger age, especially <1 year old, chronic comorbidities,
prematurity, a higher PIM-3 score, inotropic or vasopressors
usage, higher driving pressure and fluid overload (14, 16-21).

To the best of our knowledge, there is still a lack of published
work presenting the epidemiology, risk factors and outcomes after
different cut-points of PMV in children. This study aimed to
determine the incidence of PMV in pediatric patients after
different cut-points (>14, >21 or >30 days) and discover baseline
characteristics, risk factors and outcomes of PMV in three
groups (Group 1; >14-21 days, Group 2; >21-30 days, and
Group 3; >30 days).

Methods
Study design and settings
This retrospective cohort study was conducted at King

Chulalongkorn Memorial Hospital (KCMH), a tertiary university
hospital in Bangkok, Thailand. It has a pediatric department of
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300 beds and usually an average 6,500 outpatient visits, 1,000
inpatient and 40-50 PICU admissions per month. The study
population included patients aged from 37 weeks postmenstrual
age (PMA) to 18 years old admitted into the PICU during
January 2018 to August 2022. Eligibility criteria for enrollment
included (1) patients who were ventilated >14 consecutive days
(short interruptions with <48 h of ventilation), (2) those on an
tube,
nasotracheal tube or tracheostomy tube). Patients were excluded

invasive mechanical ventilator (via an endotracheal

if they were already included in this study, were ventilated via
NIV, were brain dead, premature children <37 weeks PMA at
enrollment, or were home ventilator-dependent patients. The
criteria of brain death were adopted from the Determination of
Brain Death/Death by Neurologic Criteria: The World Brain
Death Project (22).

This study was approved by the Institutional Review Board of
the Faculty of Medicine, Chulalongkorn University (IRB No. 273/
65) and informed consent requirements were waived. All data
were kept confidential.

Data collection and definition of variables

Data were extracted from medical record to case record forms,
including age (months), gender, weight, underlying disease, main
diagnosis related with the current PICU admission, underlying
disease, preterm birth, nutritional status, cumulative fluid
accumulation (FA) from Days 1-7 of MV, treatment information
(maximum dynamic driving pressure, MV duration, respiratory
complications during MV, minimum P/F ratio in the first 72 h,
vasopressor or inotropes, maximum vasoactive-inotropic score
(VIS) in the first 72h, neuromuscular blocking agents and
duration of neuromuscular blocking agents). Severity of illness
scores such as pediatric index of mortality (PIM)-3 (23),
pediatric logistic organ dysfunction (PELOD)-2 (24) scores were
collected.

Pre-term was defined as patient born at a gestational age of <37
weeks. Underlying diseases were the condition of a patient prior to
PICU admission. Nutritional status was categorized as either
normal, 1lst degree protein energy malnutrition (PEM), 2nd
degree PEM or 3rd degree PEM (25, 26). Cumulative FA was
calculated as the fluid inputs minus fluid outputs as a proportion
of the admission (or preoperative) weight multiplied by 100.
Fluids were expressed in liters and weights in kilograms. Fluid
inputs included enteral and intravenous fluid administration.
Fluid outputs included urine plus all other sources of fluid loss
except insensible fluid loss (16, 27). Dynamic driving pressure
(DP) was PIP minus PEEP. The dynamic DP overestimated the
actual DP, but it could be used when patients are ventilated
using modes that do not have a zero-flow state (17, 21). MV
duration was defined as the time elapsed from intubation to
from MV for
tracheostomized patients (28, 29). The diagnosis of ventilator-
associated pneumonia (VAP) was based on the CDC/NNIS
definition related to age-specific criteria or qualified intensivist

extubation or successful disconnection

diagnosis by clinical assessment of clinical, laboratory,
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radiographic, and culture results (30). Hospital length of stay (LOS)
was defined as the length of time elapsed between a patient’s
hospital admittance and discharge. PICU LOS was calculated as
number of calendar days from the day of PICU admission
(counted as 1 day) to the day of PICU discharge (31).

Outcomes

The primary outcome was incidence of PMV by different cut-
points (>14 days, >21 days or >30 days). The secondary outcomes
were baseline characteristics, risk factors, PICU length of stay,
hospital length of respiratory (VAP,
pneumomediastinum, pneumothorax, pulmonary hemorrhage and

stay, complications
unplanned extubation). Outcomes of PMV include extubation

success, tracheostomy with or without home ventilator-
dependence, transfer back with MV to previous hospital and
death. The patients were placed into one of three groups (Group
1; >14 to <21 days, Group 2; >21 and <30 days, Group 3; >30 days).

Indications and timing of tracheostomy were considered by the
treating pediatric intensive care physician. Indications for
tracheostomy were classified into three categories: upper airway
obstruction, PMV and neurological impairment (such as cerebral
palsy, encephalopathies with a Glasgow Coma Scale <8, central
and peripheral neuromuscular disorders) (32, 33).

All outcomes were collected from the day ventilation was
started until the patient was discharged. The patients who died
after withdrawal therapy were also excluded because the MV

duration might have been longer if treatment was continued.

Statistical analyses

Demographic and clinical data were determined for each
variables are median

IQR)

variables. Differences in continuous variables between the three

patient.  Continuous expressed as

(interquartile range: and percentage for categorical
groups were assessed using a Kruskal-Wallis test. A Wilcoxon
rank sum test was used for comparisons between two groups.
The categorical variables between groups were evaluated using x>
or Fisher exact tests. Logistic regression (LR) was used to
determine the factors associated PMV and death. Multivariate
models were developed by adjusting for covariates with P<0.1 in
univariate models and stepwise backward LR to select a final
model. All P-values reported are two-sided. Statistical significance
was defined as P <0.05. Stata version 15.1 (Stata Corp., College

Station, Texas) was used for analysis.

Results

Patient demographic data and PMV
incidence at various cut-points

From January 2018 to August 2022, 1,050 mechanically
ventilated pediatric patients were screened. One hundred and
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forty patients fulfilled the eligibility criteria. Twenty-six patients
were excluded. The most common reason for study exclusion is
that patients were previous included in the study (n=19/26).
One hundred and fourteen patients were included in the
statistical analysis. No patients were being mechanically
ventilated through a tracheostomy tube. We stratified them into
three groups, Group 1 (n=37, 32.5%), Group 2 (n=25, 21.9%)
and Group 3 (n =52, 45.6%). The incidence of PMV > 14 days
was 10.9% (95% CI: 9.0-12.9), PMV >21 days was 7.3% (95%
CL: 5.8-9.1) and PMV >30 days was 5.0% (95% CIL. 3.7-6.4)
(Figure 1).

The median age of all patients was 13 (IQR: 3-84) months.
Females were 50.9% of all patients. The median MV duration
was 26.5 days (IQR: 20.0-50.0). Most common main diagnoses
were pulmonary disease, cardiac disease and neurological disease
(58.8%, 15.8% and 10.5% respectively). Seventy-nine percent of
the patients had underlying diseases. The most common
underlying disease was cardiovascular disease which required
significantly longer MV. A quarter of the patients were born
(26.3%). Sixty percent of
malnourished, which was profoundly higher in Group 3 than
Group 1 (71.2% vs. 48.7%, P <0.05). The duration of MV was
significantly longer for those with higher PIM-3 and PELOD2

scores. Baseline demographic data are shown in Table 1.

prematurely patients  were

Treatment information

The median of the minimum P/F ratio in the first 72 h was 169
(IQR: 118-268). It was significantly lower in Group 3 than Group 1
(150, IQR: 104-206 vs. 222, IQR: 139-283, P=0.04).

More than half of the patients (58.8%) were using inotropic or
vasopressor drugs with a median maximum VIS in the first 72 h of
10.0 (IQR: 0-20.0). Muscle relaxant was used for 49.1% of
the patients with a median duration of 4.5 days (IQR: 2.5-11.5).
The median maximum DP was 16 cm H,O (IQR: 13-20). The
median maximum cumulative FA was 9.5% (IQR: 5.6-17.7) with
a median of 6 days after MV (IQR: 3-7). The median cumulative
FA from Day 1 to Day 7 is shown in Table 2. However, there
was no statistical difference in these parameters between groups.

Clinical outcomes after PMV

The extubation success rate was at 45/114 (39.5%) and it was
significantly higher for Group 1 and Group 2 than for Group 3
(62.2% and 56.0% vs. 15.4%, P <0.001). Consequently, Group 3
statistically had the highest tracheostomy rate (1 =33/52, 63.5%),
VAP rate (n=51/52, 98.1%), PICU LOS (median 50.5 days, IQR:
39.5-76.0) and hospital LOS (median 124.5 days, IQR: 74.5-206).
Overall, the median mortality rate was 33/114 (29.0%) and 25/
114 (21.9%) after exclusion of patients withdrawn from therapy.
It is noteworthy that the highest mortality was in Group 3
(n=18/52, 34.6%). Almost all patients of Group 1 were
tracheostomized with indications of upper airway obstruction
(n=5/6, 83.3%). In contrast, within Group 3, the most common

frontiersin.org


https://doi.org/10.3389/fped.2023.1167595
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Chongcharoenyanon et al.

10.3389/fped.2023.1167595

1,050 patients with MV
since 2018, Jan to 2022, Aug

N

140 patients
fulfill the eligibility criteria

26 patients were excluded

n = 19, already included

A

4

n =4, PMA<37weeks

114 patients included
in statistical analysis

n = 3, home ventilator-dependent

A4 N

R

Groupl; MV >14 to 21 days
n=37/114 (32.5%)

Group2; MV >21 to 30 days
n=25/114 (21.9%)

Group3; MV >30 days
n=52/114 (45.6%)

PMYV >14 days
n = 114/1050 (10.9%)

PMYV >21 days
n =77/1050 (7.3%)

—_————————

PMY >30 days

FIGURE 1

Flow diagram of study design. MV, mechanical ventilation; PMA, postmenstrual age; PMV, prolong mechanical ventilation.

n = 52/1050 (5.0%)

indication was PMV (n=18/33, 54.6%). The median days
intubated before tracheostomy was significantly higher for Group
3 (39 days, IQR: 22-59, P <0.02) (Table 3).

PMV >14-30 days vs. PMV > 30 days

According to data for outcomes after PMV, we decided to re-

categorize study participants to underscore the obvious
differences between two groups: PMV >14-30 days (combining
Group 1 and Group 2) and PMV >30 days (Group 3)
(Supplementary material Tables S1-S3). In the PMV > 30-days
group, the extubation success rate (15.4% vs. 59.7%, P <0.001)
and median minimum P/F ratio in the first 72 h were profoundly
lower than for PMV > 14-30 days [150 (104-206) vs. 195.5 (132-
275), P=0.02]. The tracheostomy rate (63.5% vs. 14.5%, P<
0.001), PMV as an indication of tracheostomy rate (54.6% vs.
11.1%, P<0.001), mortality rate after excluded withdrawal
therapy (34.6% vs. 11.3%, P=0.003), VAP rate (98.1% vs. 67.7%,
P <0.001), median duration of muscle relaxant use [5 (3-18) vs.
3 (2-8) days, P=0.05], median PICU LOS [50.5 (39.5-76.0) vs.
25.0 (20.0-35.0) days, P<0.001] and median hospital LOS [124.5
(74.5-206.0) vs. 57.0 (43.0-89.0) days, P <0.001] were higher in
the PMV > 30-days group (Figure 2).

Univariate and multivariate analyses through binary logistic

regression were performed to compare the patients in the PMV

Frontiers in Pediatrics

>14-30 days and PMV >30 days groups (Supplementary
material Table S4). Multivariable analysis showed that only VAP
was associated with PMV >30 days (aOR: 19.53, 95% CI: 2.38-
160.34, P=0.01) (Figure 3A).

Survivors vs. deaths

A comparison between survivors (n=81/114, 71.1%) and
deaths (n=33/114, 28.9%) is shown in Supplementary material
Tables S5-S7. Deaths had higher rates of cardiac disease as a
main diagnosis (27.3% vs. 11.1%, P=0.03), cardiovascular
diseases (30.3% vs. 12.4%, P=0.02) and gastrointestinal diseases
(24.2% vs. 8.6%, P=0.03) as underlying diseases, 3rd degree
PEM (54.6% vs. 16.1%, P <0.001), inotropic or vasopressor usage
(78.8% vs. 50.6%, P=0.006), muscle relaxant usage (75.8% vs.
38.3%, P<0.001), median maximum VIS in the first 72 h [20 (7-
47) vs. 2.8 (0-15), P<0.001], median duration of muscle relaxant
use [10 (5-15) vs. 3 (2-5) days, P<0.001], median maximum
DP [19 (16-22) vs. 15 (12-18) cm H,0, P<0.001], median PIM-
3 score [17.3 (8.5-22.4) vs. 5.7 (3.3-9.6), P<0.001] and median
of PELOD-2 score [5 (3-6) vs. 6 (3-7), P=0.03]. Risk factors
associated with death patients were 3rd degree PEM (aOR: 5.14,
95% CI: 1.57-16.88, P=10.01), PIM3 score >14 (aOR: 6.75, 95%
CI: 2.26-20.15, P<0.001) and muscle relaxant use (aOR: 5.58,
95% CI: 1.65-18.86, P=0.01) (Figure 3B).
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TABLE 1 Demographic and baseline data characteristics.

Total (n=114)

Group 1 (n=37)

Group 2 (n=25)

10.3389/fped.2023.1167595

Group 3 (n=52)

Age (months), median (IQR) 13 (3.0-84.0) 13 (5.0-48.0) 11 (4.0-34.0) 13 (3.0-115.0) 0.78
0-11 months old 54 (47.4%) 18 (48.7%) 13 (52.0%) 23 (44.2%)
12-59 months old 27 (23.7%) 10 (27.0%) 6 (24.0%) 11 (21.2%)
60-119 months old 12 (10.5%) 6 (16.2%) 0 (0) 6 (11.5%)
120-215 months old 21 (18.4%) 3 (8.1%) 6 (24.0%) 12 (23.1%)
Female sex, n (%) 58 (50.9) 21 (56.8) 10 (40.0) 27 (51.9) 0.42
Weight (kg), median (IQR) 8.2 (4.0-22.0) 7.3 (4.4-15.9) 8.5 (5.6-15.0) 9.1 (3.8-24.5) 0.92
MYV duration (days), median (IQR) 265 (20.0-50.0) 17.0 (16.0-19.0) 25.0 (23.0-26.0) 54.5 (38.5-100.5) <0.001
Main diagnosis, n (%) 0.44
Pulmonary disease 67 (58.8) 21 (56.8) 16 (64) 30 (57.7)
Cardiac disease 18 (15.8) 4 (10.8) 3 (12) 11 (21.2)
Neurological disease 12 (10.5) 3 (8.1) 2 (8) 7 (13.5)
Post-surgery 7 (6.1) 5 (13.5) 1(4) 1(1.9)
Shock 10 (8.8) 4(10.8) 3(12) 3 (5.8)
Underlying disease, n (%) 0.84
No underlying disease 24 (21.1) 9 (24.3) 5 (20) 10 (19.2)
Yes 90 (79) 28 (75.7) 20 (80) 42 (80.8)
Cardiovascular disease 20 (17.5) 2 (5.4)* 6 (24) 12 (23.1)* 0.04
Pulmonary disease 17 (14.9) 6 (16.2) 2 (8) 9 (17.3) 0.59
Gastrointestinal disease 15 (13.2) 7 (18.9) 4 (16) 4(7.7) 0.28
Oncological disease 8 (7) 2 (5.4) 1(4) 5(9.6) 0.71
Neuromuscular disease 7 (6.1) 2 (5.4) 1(4) 4(7.7) 0.80
Primary immune deficiency 4 (3.5) 1(2.7) 2 (8) 1(1.9) 043
Organ transplant 3 (2.6) 3(8.1) 0 (0) 0 (0) 0.07
Others 16 (14) 5 (13.5) 4 (16) 7 (13.5) 0.95
Prematurity, n (%) 30 (26.3) 8 (21.6) 6 (24) 16 (30.8) 0.60
Malnutrition, n (%) 0.09
No 45 (39.5) 19 (51.4) 11 (44.0) 15 (28.9)
Yes 69 (60.5) 18 (48.7)* 14 (56.0) 37 (71.2)*
1st degree PEM 22 (19.3) 7 (18.9) 4 (16.0) 11 (21.2) 0.86
2nd degree PEM 16 (14.0) 4(10.8) 4 (16.0) 8 (15.4) 0.79
3rd degree PEM 31 (27.2) 7 (18.9) 6 (24.0) 18 (34.6) 0.24
PIM-3 score (%), median (IQR) 6.9 (4.4-17.2) 55 (3.1-9.3)* 7.5 (5.7-22.6)* 7.6 (4.1-17.3) 0.04
PELOD-2 score, median (IQR) 5.0 (3.0-7.0) 4.0 (3.0-5.0)* 5.0 (4.0-6.0) 5.0 (4.0-7.0)* 0.04

MV, mechanical ventilation; PEM, protein energy malnutrition; PIM-3, pediatric index of mortality 3; PELOD-2, pediatric logistic organ dysfunction 2; Group 1, MV >14-21
days; Group 2, MV >21-30 days; Group 3, MV > 30 days; Differences in continuous and categorical variables between three groups using a Kruskal-Wallis test; Differences
in continuous variables between two groups using a Wilcoxon rank sum test; Differences in categorical variables used z° test or Fisher exact test.

*Statistically significant for pairwise comparison (P < 0.05).

Discussion

The current study reports the incidence of PMV > 14, >21 and
>30 days was 10.9%, 7.3% and 5.0%, respectively. We decided to
not include the NIV patients because they can be managed
outside the PICU. This might be the reason that our incidence of
PMYV > 14 days was lower than a previous study reported from
China PICU (33.2%) (14). The incidence of PMV >21 days was
close to that reported from an Argentinian PICU (9%), but
higher than a study in Brazilian PICUs (2.5%) and an adult ICU
(3-7%). However, our mortality rate for PMV >21 days was
32.5% (n=25/77), which was lower than for Brazilian PICUs
(48.0%), Argentinian PICUs (43.0%), in a Taiwan database
(37.7%) and an adult ICU (42.4%) (1, 4, 9, 10, 34). This
indicates high mortality rates for PMV > 21 days. Furthermore, a
study in 33 Spanish PICUs reported 30% of patients required
PMYV > 30 days, whereas our institution reported a much lower
level. Differences in patient characteristics might explain this.

Frontiers in Pediatrics 05

In our study, we observed that 26.3% of patients were born
prematurely and 60% of patients suffered from malnutrition.
These factors could have been potential contributors to the
requirement for PMV in some cases. Premature birth can lead to
underdeveloped lungs and respiratory muscles, which can result
in respiratory failure and the need for mechanical ventilation.
Furthermore, complications like bronchopulmonary dysplasia
may prolong the necessity for mechanical ventilation in
Meanwhile, malnutrition can weaken
respiratory thereby increasing the likelihood of
respiratory failure and the subsequent need for mechanical
Additionally,
complications that can contribute to PMV, such as infections or

premature infants.

muscles,
ventilation. malnutrition may cause other
organ failure. Teka et al. concluded that malnutrition in PICU
was a frequent cause of morbidity that was linked with a higher
requirement for mechanical ventilation (35).

Several studies have reported baseline characteristics, risk

factors and outcomes using arbitrary cut-points for PMV (11).
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TABLE 2 Treatment information.

Total (n=114) | Group 1 (n=37) | Group 2 (n=25) | Group 3 (n=52) @ P-value

Inotropic or vasopressor usage, 1 (%) 67 (58.8) 19 (51.4) 14 (56.0) 34 (65.4) 0.39
Maximum VIS in the first 72 h, median (IQR) 10.0 (0-20.0) 5.0 (0-15.0) 5.0 (0-25.0) 10.0 (0-27.9) 0.31
Minimum P/F ratio in the first 72 h, median (IQR) 169 (118-268) 222 (139-283)* 182 (122-272) 150 (104-206)* 0.04
Maximum DP (cmH,0), median (IQR) 16 (13-20) 15 (12-20) 15 (14-18) 17 (14-20) 0.18
Muscle relaxant usage, n (%) 56 (49.1) 15 (40.5) 12 (48.0) 29 (55.8) 0.36
Duration of muscle relaxant (days), median (IQR) 4.5 (2.5-11.5) 3 (2.0-7.0) 3 (2.5-11.5) 5 (3.0-18.0) 0.13
Cumulative FA Day 1 (%), median (IQR) 2.7 (0.5-4.4) 2.8 (0.6-5.1) 2.9 (0.9-4.4) 2.4 (0-4.2) 0.55
Cumulative FA Day 2 (%), median (IQR) 4.1 (0.5-6.8) 2.5 (0.8-8.2) 4.7 (—0.1-6.4) 4.1 (0.8-6.3) 0.84
Cumulative FA Day 3 (%), median (IQR) 4.8 (0.6-8.7) 5.5 (1.5-10.3) 5.1 (0.4-7.4) 4 (=0.2-8.1) 0.50
Cumulative FA Day 4 (%), median (IQR) 52 (0.6-9.9) 5.7 (0.8-10.1) 5.3 (1.2-9.3) 4.1 (0.2-10.4) 0.80
Cumulative FA Day 5 (%), median (IQR) 5.3 (0.3-12.1) 6.6 (0.4-12.1) 52 (—0.1-10.8) 52 (0.3-12.3) 0.90
Cumulative FA Day 6 (%), median (IQR) 7.1 (0.2-13.8) 4.9 (-1.0-13.8) 7.5 (4.0-12.7) 7.1 (-1.0-18) 0.82
Cumulative FA Day 7 (%), median (IQR) 6.5 (1.0-16.3) 5.5 (—~1.2-15.6) 7.9 (4.7-14.7) 6.6 (=0.5-22.6) 0.54
Maximum cumulative FA (%), median (IQR) 9.5 (5.6-17.7) 8.9 (5.3-16.4) 9.6 (6.1-16.2) 9.7 (4.5-23.1) 0.79
Days of maximum cumulative FA, median (IQR) 6 (3-7) 5(3-7) 6.5 (4-7) 6 (3-7) 0.56

PMV, prolonged mechanical ventilation; VIS, vasoactive-inotropic score; DP, driving pressure; FA, fluid accumulation; Group 1, MV > 14-21 days; Group 2, MV > 21-30 days;
Group 3, MV > 30 days; Differences in continuous and categorical variables between three groups using a Kruskal-Wallis test; Differences in continuous variables between
two groups using a Wilcoxon rank sum test; Differences in categorical variables used y2 test or Fisher exact test.

*Statistically significant for pairwise comparisons (P < 0.05).

TABLE 3 Outcomes after PMV.

Parameter Total (n=114) @ Group 1 (n=37) | Group 2 (n= Group 3 (n=52) @ P-value
Extubation success, 1 (%) 45 (39.5) 23 (62.2)* 14 (56.0)" 8 (15.4)*,° <0.001
Tracheostomy, 1 (%) 42 (36.8) 6 (16.2)* 3 (12.0)° 33 (63.5)%,° <0.001
Tracheostomy without ventilator-dependent, n (%) 28 (24.6) 5 (13.5)* 2 (8.0)° 21 (40.4)%° 0.001
Tracheostomy with ventilator-dependent, n (%) 14 (12.3) 1 (2.7)* 1 (4.0) 12 (23.1)* 0.006
Indication for tracheostomy, n (%)
Upper airway obstruction 16/42 (38.1) 5/6 (83.3)* 1/3 (33.3) 10/33 (30.3)* 0.04
PMV 19/42 (45.2) 1/6 (16.7) 0/3 (0) 18/33 (54.6) 0.08
Neuromuscular disease 7/42 (16.7) 0/6 (0) 2/3 (66.7) 5/33 (15.2) 0.06
Days intubated before tracheostomy, median (IQR) 30 (18-54) 18 (17-18)*,* 26 (19-42)* 39 (22-59)* 0.02
Death, n (%) 33 (29.0) 8 (21.6) 7 (28.0) 18 (34.6) 0.41
Death by disease, n (%) 25 (21.9) 2 (5.4)* 5 (20.0) 18 (34.6)* 0.03
Death by withdrawal therapy, n (%) 8 (7.0) 6 (16.2)* 2 (8.0) 0 (0)* 0.005
Transfer back with MV, n (%) 6 (5.3) 0 (0) 1 (4.0) 5(9.6) 0.10
Respiratory complication during MV, n (%) <0.001
No complication 17 (14.9) 12 (32.4) 4 (16.0) 1(1.9)
Yes 97 (85.1) 25 (67.6) 21 (84.0) 51 (98.1)
VAP 93 (81.6) 22 (59.5)* 20 (80.0)* 51 (98.1)%7 <0.001
Pneumothorax 14 (12.3) 4 (10.8) 3 (12.0) 7 (13.5) 0.94
Pulmonary hemorrhage 8 (7.0) 2 (5.4) 4 (16.0) 2 (3.9) 0.17
Unplanned extubation 2 (1.8) 0 1 (4.0) 1(1.9) 0.50
Pneumomediastinum 0 0 0 0
PICU LOS (days), median (IQR) 35.0 220 28.0 50.5 <0.001*
(23.0-54.0) (18.0-28.0) (25.0-35.0) (39.5-76.0)
Hospital LOS (days), median (IQR) 79.0 55.0 62.0 124.5 <0.001
(52.0-141.0) (43.0-87.0)* (48.0-102.0)" (74.5-206.0)*,%

PMV, prolonged mechanical ventilation; MV, mechanical ventilation; VAP, ventilator-associated pneumonia; LOS, length of stay; Group 1, MV > 14-21 days; Group 2, MV >
21-30 days; Group 3, MV >30 days; Differences in continuous and categorical variables between three groups using a Kruskal-Wallis test; Differences in continuous
variables between two groups using a Wilcoxon rank sum test; Differences in categorical variables used a y2 test or Fisher exact test.

*Statistical significant for pairwise comparison (P < 0.05).

#Statistical significant for pairwise comparison (P <0.05).

¥All pairwise comparisons are statistical significantly.

To identify the PMV effect on clinical outcomes, we illustrate this ~ much higher success rate (39.5%) (13). This finding suggests that
by using different cut-point durations for PMV. In 2005, Fontela ~ knowledge advancements about weaning and support care can
et al. first showed that MV > 15 days was associated with a low  improve the extubation success rate over time. Furthermore, we
extubation success rate (4.5%), whereas our study revealed a  also found that extubation success was not different between
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PMV > 14-21 days (62.2%) and PMV >21-30 days (56.0%), but it
was significantly lower for PMV > 30 days (15.4%). Damuth et al.
revealed a 29.0% pooled mortality at hospital discharge in PMV
>14 days for adults, which is similar to our results (36). We
underscore that the mortality rate after excluded withdrawal therapy
was significantly higher for PMV > 30 days compared with PMV >
14-30 days (34.6% vs. 11.3%, P=0.003). Factors associated with
mortality were inotropic or vasopressor usage, PIM-3 score >14%
and muscle relaxant usage. Additionally, our analysis revealed that
individuals who died had a significantly higher incidence of cardiac
disease as a main diagnosis (27.3% vs. 11.1%, P=0.03), as well as
higher rates of cardiovascular (30.3% vs. 12.4%, P=0.02) and
gastrointestinal diseases (24.2% vs. 8.6%, P=0.03) as underlying
diseases. They also had a higher median maximum DP [19 (16-22)
vs. 15 (12-18) cm H,0, P<0.001] compared to the survivors. Our
findings suggest that patients with cardiac disease are more
vulnerable to changes in fluid and electrolyte balance, and poor
cardiac function can worsen respiratory complications such as
atelectasis or pulmonary edema, which can ultimately lead to death.

Although it was recommended for adult patients that

tracheostomy should be performed within 1-2 weeks of

Frontiers in Pediatrics

ventilation, no consensus criteria of time to tracheostomy exists
for children (32, 37). reported that early
tracheostomy (within 14 days of ventilation) could reduce MV

Some studies
duration and hospital LOS (38, 39). From another point of view,
caregivers of children with tracheostomy tubes have high
(40, 41). Our
institution is highly concern about these problems. Therefore, we

caregiver workloads and financial burden
tend to delay tracheostomy tube for indications of PMV. The
tracheostomy rate due to PMV was significantly higher for
PMV > 30 days compared with PMV for 14-30 days (n=18/52,
34.6% vs. n=1/62, 1.6%, P=0.02). The results of our study could
be applied for family counseling regarding the prognosis for
PMV in children. We found that if we used a cut point of
PMV >30 days, we could identify the highest percentage of
children who eventually required tracheostomy. Thus, we suggest
that use of a 30-day duration as a cut-point for PMV in PICUs
might be more appropriate. The mortality rate and other morbidity
data that we found in our study such as the VAP rate, PICU
LOS and hospital LOS were also the highest for PMV > 30 days.
High DP, more than 15cm H,O, in acute hypoxemic
respiratory failure children was independently associated with
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longer MV duration and PICU LOS, but not in the mortality rate.
There is currently no study of DP in PMV. The median maximum
DP in our study was 16 cm H,0 (IQR: 13-20) and DP tended to be
greater when comparing PMV > 30 days with PMV > 14-30 days
[17 (14-20) vs. 15 (13-18), P=0.09] which supports previous
studies (17, 21). Although deaths had a significantly higher
median maximum DP than survivors [19 (16-22) vs. 15 (12—
18) cm H,0, P<0.001], it was not an independent predictor of
mortality after multivariate analysis (even with a cutoff of 17 cm
H,0). Several studies reported an association between fluid
accumulation and MV duration, PICU LOS and mortality rate
(18-20). Recently, Gelbart et al. reported moderate FA up to 10%
in MV critically ill children was not associated with harm in
contrast with extremely greater than 20% which was associated
with higher morbidity and mortality (16). Our institution is also
greatly concerned about this issue. Consequently, the median
cumulative FA from Day 1 to 7 was less than 10% and a median
maximal FA was 9.5%. Therefore, we did not find any significance
of FA among the three groups of PMV patients. There were no
between and deaths. Our
particular findings highlight that a FA of less than 10% may not

significant  differences survivors
be associated with morbidity and mortality in PMV patients.

To the best of our knowledge, this is the first study that evaluates
baseline characteristics, risk factors and outcomes using various
definitions instead of arbitrary cut-points for duration of PMV in
a PICU. However, our study has some limitations. First, it was
conducted in a single tertiary care setting where the incidence of
PMV is higher and mortality rate is lower than in other settings.
This may limit the generalizability of the findings. Nevertheless,
we would like to propose the idea of conducting further studies
that use various cut-points instead of single cut-points for
duration of PMV. Second, it was a retrospective study that mainly

Frontiers in Pediatrics

relied on medical chart review. However, we can extract more
than 95% of the data due to the use of electronic records. Third,
most of our patients had an underlying disease that might
influence the results. Fourth, we only included invasively
mechanically ventilated children. In the future, a multicenter study
using different cut-points for PMV in children seems warranted.
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