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Abstract
Objectives To describe experience with airway pressure release ventilation (APRV) in children with severe acute respiratory
distress syndrome (ARDS) refractory to conventional low tidal volume ventilation.
Methods This retrospective observational study was performed in an 11-bed, level 3 pediatric intensive care unit. Evaluation was
made of 30 pediatric patients receiving airway pressure release ventilation as rescue therapy for severe ARDS.
Results Patients were switched to APRV on an average 3.2 ± 2.6 d following intubation. When changed from conventional
mechanical ventilation (CMV) to APRV, there was an expected increase in the SpO2/FiO2 ratio (165.1 ± 13.6 vs. 131.7 ± 10.2;
p = 0.035). Mean peak inspiratory pressure was significantly lower during APRV (25.4 ± 1.26 vs. 29.8 ± 0.60, p < 0.001) com-
pared to CMV prior to APRV but mean airway pressure (Paw) was significantly higher during APRV (19.1 ± 0.9 vs. 15.3 ± 1.3,
p < 0.001). Hospital mortality in this study group was 16.6%.
Conclusions The results of this study support the hypothesis that APRV may offer potential clinical advantages for ventilatory
management and may be considered as an alternative rescue mechanical ventilation mode in pediatric ARDS patients refractory
to conventional ventilation.
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Introduction

Acute respiratory distress syndrome (ARDS) is the most severe
form of acute respiratory failure, characterised by severe diffuse
inflammation and hypoxemia that poses a significant threat to
patients of all age groups. Currently, lung-protective ventilation
strategies, including open lung and low-tidal-volume, are among
the major ARDS mechanical ventilation strategies to prevent
ventilator-induced lung injury for both adults and children [1].
Despite advancements in our understanding of lung-protective
low-tidal-volume ventilation, the mortality associated with pedi-
atric ARDS remains high and has changed little in the last
20 years (22–40%) [2, 3]. No consensus has been reached on
the optimal mode of ventilation for pediatric ARDS patients
refractory to conventional mechanical ventilation (CMV) using

low tidal volume combined with sufficient positive end expira-
tory pressure (PEEP). Over the past 3 decades, such patients have
commonly transitioned from CMV to high frequency oscillation
ventilation (HFOV) for refractory hypoxemia or to limit cyclic
high peak pressures [1]. Unfortunately, there is a lack of relevant
HFOVresearch on pediatric populations as only one small cohort
randomized controlled trial (RCT) has been conducted [4].

Approximately 20 y ago, airway pressure release ventila-
tion (APRV) was introduced as a partial ventilatory mode for
mechanical ventilation in clinical practice. However, until re-
cently, it was not widely used as a rescue mode for the
difficult-to-oxygenate patient with ARDS. As the name sug-
gests, APRV mode has been described as a continuous posi-
tive airway pressure with a brief intermittent release phase
allowing the release of only partial lung volume. In adult
patients with ARDS, compared with other conventional ven-
tilatory modes, APRV may improve oxygenation due to in-
creased recruitment of lung volumes, length of stay in the
intensive care unit and ventilator-free days [5, 6]. Until
2018, pediatric research on APRV was restricted to case re-
ports, case series and prospective crossover studies [7]. A
recent study by Lalgudi Ganesan et al. [8] was the first
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randomised control trial (RCT) of APRV as a primary venti-
lation strategy in children with ARDS. The trial was terminat-
ed early after 50% enrolment when the analysis demonstrated
a trend toward higher mortality in the APRV group compared
with the conventional low-tidal volume ventilation. However,
there is a lack of data investigating the safety and efficacy of
APRVas a rescue therapy in pediatric ARDS. The aim of this
study was to describe authors’ experience with APRV in chil-
dren with severe ARDS refractory to conventional low tidal
volume ventilation.

Material and Methods

This retrospective observational study was conducted in the
11-bed Pediatric Intensive Care Unit of Ondokuz Mayıs
University Hospital, a tertiary level hospital in Turkey.
Approval for the study was granted by the University Ethics
Committee. The study included patients aged between 1 mo
and 18 y, receiving APRV ventilation during index admission
to the PICU and who fulfilled the diagnostic criteria of ARDS,
according to the PALLIC definition and were refractory to
conventional low tidal volume ventilation. Determination of
failure of CMVand the decision to employ alternative modes
was left to the discretion of the attending intensive care phy-
sician. Despite the lack of a standardized ventilator protocol,
the authors’ institutional practice for ARDS is to initiate CMV
with a minimum of 5 cm H2O of positive end-expiratory pres-
sure (PEEP), low tidal volume (6–8 ml/kg predicted body
weight) and to attempt to wean FiO2 to ≤0.60. Inability to
wean FiO2 prompts elevation level of PEEP (10–15 cm
H2O) with the goal of maintaining plateau airway pressure at
no more than 30 cmH2O. Prone positioning is a part of the
authors’ clinical practice if it is not possible to wean FiO2 to
≤0.60 during conventional low tidal volume ventilation. The
prone position and the other non-ventilatory co-interventions
(inhaled nitric oxide or extracorporeal membrane oxygena-
tion) for ARDS were not used during APRV.

Persistently elevated plateau pressures (≥ 30 cm H2O), or
oxygenation difficulties (inability to wean FiO2 ≤ 0.60 despite
increasing PEEP) prompted consideration of changing the
mode of ventilation. As there is no HFOV ventilator in au-
thors’ clinic, APRV was used as a rescue mode in children
with severe ARDS when CMV does not achieve a specific
target level of oxygenation as previously described. Patients
receiving APRV for <8 h, or for an indication other than
ARDS were excluded. All patients were ventilated with a
Servo-i (Maquet, Germany) ventilator and APRV parameters
were initially adjusted by the attending intensive care physi-
cian. The authors’ instutitional practice is personalized-setting
APRV (P-APRV) where the low pressure (P low) is set at zero
to facilitate rapid emptying and the brief expiratory time (T

low) prevents full deflation of the lung end-expiratory pres-
sure from reaching zero [9].

Data were retrieved from the medical records of eligible pa-
tients including the diagnosis on admission, demographic data,
co-morbidities, date and time of intubation, mode of ventilation
prior to initiation of APRVand date and time of APRV initiation,
length of mechanical ventilation, length of stay in PICU and
survival to hospital discharge. A record was made of ventilator
settings, the pH and venous CO2 values, sedation and vasopres-
sor use before and after APRV (at 3 h) and evidence of
pneumomediastinum or pneumothorax at any time on APRV.
The oxygen saturation to fraction of inspired oxygen ratio
(SpO2/FiO2) was calculated before and after APRV, and the ox-
ygen saturation index [OSI =mean airway pressure (Paw) ×
FiO2 × 100 ÷ SpO2] was calculated prior to APRV.
Radiographic requirements for the diagnosis of ARDS were de-
rived from the attending radiologist’s final chest X-ray report.

Data obtained in the study were analysed statistically using
IBM SPSS vn 23 (SPSS Inc., Chicago, IL, USA). Data were
expressed as mean ± standard deviation and as the median and
interquartile ranges (IQR), or percentages. Conformity of
quantitative data to normal distribution was assessed with
the Shapiro–Wilk test and the Paired Samples t-test was used
in the comparisons of normally distributed variables. A value
of p < 0.05 was accepted as statistically significant.

Results

Of the patients ventilated with APRV between October 2015
and April 2019, 33 remained on APRV for more than 8 h and
30 patients met the study inclusion criteria. Three patients
were on APRV ventilation for <8 h, did not tolerate it and
were placed back on CMV; of these, mortality was seen in 2
with a diagnosis of drowning, and 1 with sepsis survived. Of
the remaining 33 patients who were on APRV ventilation for
>8 h, 3 patients were on APRV for non-ARDS reasons (2 with
cardiogenic pulmonary edema, 1 with pulmonary hemor-
rhage) and were excluded. The median age of the patients
enroled in the study was 28 mo (IQR 14.75–42.5), 83% were
younger than 5 y old and 20% were infants. The demographic
data and outcomes are presented in Table 1.

Following a diagnosis of ARDS, all 30 patients were ven-
tilated with conventional low tidal volume and high PEEP
ventilation with the synchronized intermittent mandatory ven-
tilation mode with pressure support (SIMV+PS). Ventilation
measurements before and after transition to APRVare present-
ed in Table 2. Mean maximum PEEP was 13 ± 1.3 (range 11–
15) during CMV. All patients had severe ARDS as per the
PALLIC criteria, with mean OSI 13.4 (12.5–18.5) prior to
APRV. Patients were switched to APRVon average 3.2 ± 2.6
d (range: 1–11 d) following intubation. During the observa-
tional period, all patients required sedation (including,
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benzodiazepines and narcotics). When changed from CMV to
APRV, the sedation requirements increased in 4 patients, de-
creased in 5 and remained unchanged in all the others. At 3 h
after patients were switched to APRV there was an expected
increase in the SpO2/ FiO2 ratio (165.1 ± 13.6 vs. 131.7 ±
10.2, p = 0.035). Mean peak pressure was significantly lower
during APRV (25.4 ± 1.26 vs. 29.8 ± 0.60, p < 0.001) com-
pared to CVM prior to APRV but Paw was significantly higher
during APRV (at 3 h) (19.11 ± 0.97 vs. 15.32 ± 1.3, p < 0.001.
Mean mandatory breaths in APRV were 12.8 ± 1.0 (10–15).
When changed from CMV to APRV, 53% of the patients
received vasopressor. Vasopressor requirement and the pH
and venous CO2 values were not significantly different before
and after APRV. Renal replacement therapy was given to six
patients in the study group. Patients were switched to SIMV+
PS as a weaning mode. After a weaning period of 4.9 ± 1.6 d,
all patients were extubated with non-invasive ventilation
(NIV). Mortality was seen in 5 patients during APRV. The
primary cause of death was worsening hypoxemia in 4

patients and multi organ dysfunction in 1. In 4 of these 5
patients, there was a co-morbidity, and in 1, the cause of death
was sepsis. All the patients with mortality were aged <5 y old
and 3 were < 2 y old. Of the 25 patients who survived, 23
(80%) were spontaneously breathing at 4 d after extubation.
Two patients could not tolerate weaning from NIV and were
discharged home with NIV. In 1 patient with a history of
reactive airway diseases, bilateral pneumothorax developed,
which required bilateral chest tubes during APRV. These
events occurred 3 d post-APRV initiation and there was no
associated early mortality. In-hospital mortality for the cohort
was 16.6% (5/30).

Discussion

APRV is an inverse ratio pressure control mode of mechanical
ventilation that was first described and introduced into clinic
practice more than two decades ago [10]. Although different
mode names are used, APRV is now available in almost all
critical care ventilators. The main findings of this study were
that in a cohort of pediatric patients with severe ARDS, when
CMV did not achieve a specific target level of oxygenation,
initiation of APRV was able to significantly and sustainably
improve oxygenation. Inverse ratio ventilation (IRV), HFOV
and APRVare non-conventional modes of ventilation consid-
ered as a rescue treatment for patients with moderate to severe
ARDS who are refractory to CMV [11, 12]. All these non-
conventional modes increase oxygenation by increasing the
average Paw [13]. In the current study, when transfer was made
from CMV to APRV mode, the average Paw increased signif-
icantly. As the inspiration duration is relatively much longer
than the expirium duration in both IRV and APRV, the dura-
tion at high pressure in the respiratory cycle is prolonged,
causing elevation in the Paw values. It is thought that high
Paw values increase oxygenation by opening the lungs [14].

In the current study, there was a statistically significant de-
crease in peak airway pressure when CMV was switched to
APRV. This decrease is thought to be protective against lung

Table 2 Ventilation
measurements before and after
transition

Characteristic Before transition After transition p

Peak pressure (cm H2O) 29.87 ± 0.60 (29–31) 25.36 ± 1.26 (23–28) <0.001

PEEP (cm H2O) 13.2 ± 1.3 (11–15)

Paw (cm H2O) 15.32 ± 1.3 (13–18) 19.11 ± 0.97 (16–20) <0.001

SpO2/FiO2 ratio 131.7 ± 10.2 (112.5–148.6) 165 ± 13.6 (148.3–196) <0.001

Thigh (second) 4.4 ± 0.5 (3.5–5.6)

Tlow (second) 0.4 ± 0.05(0.35–0.50)

Mandatory breath 12.8 ± 1.0 (11–15)

Paw Mean airway pressure, PEEP Positive end expiratory pressure, SpO2/FiO2 Oxygen saturation to fraction of
inspired oxygen ratio

Table 1 Baseline characteristics and outcome of the patients

Mean Range Median (IQR)

Age (months) 32.8 ± 22.6 9–75 28 (14.75–42.5)

Weight (kg) 13.2 ± 4.7 6–25 13 (8.9–17.2)

Gender (male%) 18/30 (60%)

Admitting diagnosis (%)

Pneumonia 14 (46.7%)

Sepsis 9 (30%)

Other 7 (23.3%)

CMV before (days) 3.2 ± 2.6 1–11

APRV (days) 5.1 ± 1.6 2–8

CMVafter (days) 4.9 ± 1.8 3–8

Total MV (days) 13.2 ± 3.6 6–18

PICU LOS (days) 21.6 ± 4.8 10–30

Mortality 5/30 (16.6%)

APRVAirway pressure release ventilation, CMV Conventional mechani-
cal ventilation, IQR Interquartile range, MV Mechanical ventilation,
PICU LOS Pediatric intensive care unit length of stay
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damage associated with the ventilator. In literature, there is no
consensus on how the initial settings should be determined for
APRV [15]. In accordance with the findings of the current study,
it could be considered appropriate to start with a lower Phigh than
PIP in CMV when determining the initial settings in the transfer
to APRV from CMVas a rescue mode in children.

The number of mandatory breaths in APRV is set much
lower compared to CMV, but the patient can breathe sponta-
neously at each point of the ventilation cycle. A large part of
the spontaneous respiration occurs in the longer inspirium
duration. Although spontaneous respiration has a positive ef-
fect on the protection of diaphragm functions, there is insuf-
ficient information about the effect on lung dynamics and
VILI formation of spontaneous breathing occurring in the
long P high duration during APRV [16]. In the current study,
the mean number of mandatory breaths during APRV was
determined as 12.8 ± 1.0. Although the results of a low num-
ber of breaths have not been investigated for direct APRV,
previous animal experimental studies have shown that a high
number of mandatory breaths during CMV, especially with
high TV, led to additional damage in the lungs [17, 18].

To increase patient compliance during both HFOV and
IRV, heavy sedation and muscle blockage are often required
[13]. That the use of intense sedation and analgesia is not
required in adults during APRV has been emphasised as an
advantage in literature. In two different prospective studies of
adults with trauma and cardiac surgery, controlled mechanical
ventilation was compared with APRV and it was concluded
that there was a reduced requirement for sedation and analge-
sia in APRV [19, 20]. In the current study, there was no sig-
nificant difference in the use of sedation and analgesia in the
transition from CMV to APRV. Nevertheless, in the current
study, there was no requirement for the use of muscle block-
age in any patient during both CMV and APRV. As the ben-
efits of APRVare based on the spontaneous breathing compo-
nent, the advantage of this method may be lost on patients
who need heavy sedation or neuromuscular paralysis with
lack of spontaneous breathing. Possible contraindications to
APRV include patients with obstructive lung disease (asthma
or chronic obstructive pulmonary disease) who require
prolonged exhalation time and conditions that may worsen
with the elevation of the mean airway pressure, such as un-
managed increases of intracranial pressure and large
bronchopleural fistulas. In addition, the limited research and
experience with this form of ventilation can be a potential
problem in certain facilities (neuromuscular disease) [13, 21].

No consensus has been reached in literature on the subject
of how weaning can be achieved in patients applied with
APRV. While some authors have reduced Phigh until it is
CPAP mode, it is recommended that weaning is applied by
increasing Thigh [22, 23]. In the current study, first Phigh was
reduced before starting weaning and when a sufficient drop
was achieved, transition was made when tolerated to SIMV+

PS (PEEP = 5 cmH2O) mode, as this mode is well known by
authors’ team. Following ventilation with SIMV+PSmode for
mean 4.9 ± 1.8 d after APRV, all the surviving patients were
extubated with NIV. To minimise failure of extubation, pro-
phylactic NIV was applied immediately on extubation.

Of the 25 patients of the current series who survived, 23 were
able to be discharged with spontaneous breathing. In the other 2
patients, pulmonary damage developed, so NIV was set and they
were discharged home with NIV. All the current study patients
were applied with APRV in rescue mode, and all had been previ-
ously ventilatedwith lung-protective CMV (at mean 13 PEEP) for
mean 3.2 d. Therefore, the ventilator-related lung damage that
developed was not considered to be related to APRValone. With
the exception of 1 patient with a history of reactive airway disease
who developed pneumothorax, no significant complications were
observed. Although the number of cases in this study is low,
APRV can be considered a safe ventilation method for children.

A trend toward mortality benefit has only been shown in
one small retrospective study as 25 of 58 patients: 31% in the
APRV group, compared to 59% in the SIMV group (p < 0.05)
[24]. However, Lalgudi Ganesan et al. [8] recently conducted
the first RCT of APRV in pediatric ARDS cases. The study
had to be terminated after 50% enrolment (52 children) as
analysis showed higher mortality rates in the APRV group.
It was concluded that the use of APRVas a primary ventilation
strategy in children with ARDS resulted in higher mortality
rates compared with conventional low tidal volume ventila-
tion. In an RCT by Yehya et al., [9] of 60 immunocompro-
mised and ARDS pediatric patients refractory to conventional
ventilation, the mortality rate was 63% and did not differ be-
tween patients transitioned to APRV and HFOV. Hospital
mortality in the current study group (16.6%) was below the
range of recently published mortality rates (22- 40%) in clin-
ical trials of pediatric ARDS [2, 3].

There are several limitations to this study. First, as this was
a retrospective observational study, conducted with the intent
of describing the outcomes of patients with severe ARDS
refractory to CMV, who were then treated with APRV, there
was no direct comparison with other conventional ventilation
methods. Second, the sample size was small so it may not
have been of sufficient power to detect improvements in oxy-
genation before and after transition to APRV. Third, the deter-
mination of failure of CMV and initiation of APRV were
based on the decision of the intensive care physician rather
than a unit guideline. In addition, as a sedation scale was not
used, there could not be any evaluation of whether or not there
was a difference in the requirement for sedation and analgesia.

Conclusions

In conclusion, the results of this study demonstrated that in a
cohort of pediatric patients with severe hypoxemic respiratory
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failure when CMV did not achieve a specific target level of
oxygenation, initiation of APRV is associated with a signifi-
cant and sustained improvement in oxygenation. These results
support the hypothesis that APRV may offer potential clinical
advantages for ventilatory management and may be consid-
ered as an alternative rescue mechanical ventilation mode in
pediatric ARDS patients refractory to conventional ventila-
tion. As APRV is commonly available on intensive care ven-
tilators when HFOVis not always accessible, this mode can be
considered a relatively simple modality that can be imple-
mented easily.
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