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Abstract
Aim  To explore ventilator settings, ventilation variables and parameters in critically ill pediatric patients across 
European Centers.

Methods  International, multicenter, prospective observational study, collecting ventilation data for 7 days from 
patients aged ≤ 12 years, requiring ventilatory support for ≥ 12 h. Primary endpoint was a set of key ventilator settings, 
including tidal volume (VT), respiratory rate (RR), peak and mean airway pressure (Ppeak and Pmean), positive end–
expiratory pressure (PEEP), and the fraction of inspired oxygen (FiO2). Ventilator settings were compared across 
neonates (aged < 1 month), infants (1 to 12 months), toddlers (1 to 3 years) and children (4 to 12 years), and between 
patients with and without pediatric acute respiratory distress syndrome (PARDS).

Results  Patients enrolment occurred in 43 centers in 11 countries, with a total of 166 patients—mostly infants—
included in this analysis. The majority began with invasive ventilation, while one–third started with noninvasive 
ventilation (NIV) or high–flow nasal oxygen (HFNO). Patients on invasive ventilation, NIV and HFNO were weaned 
within a median of 3 [2–6], 3 [2–4] and 3 [2–4] days, respectively. In 22% of patients, NIV or HFNO was used following 
invasive ventilation. VT, RR and FiO2 varied across age groups, and airway pressures were higher in PARDS patients.

Conclusions  In this cohort, ventilator settings, and ventilation variables and parameters, varied between individual 
patients and across patient groups. Larger studies are needed to confirm this variability, explore associations between 
ventilation practices and clinical outcomes, and assess temporal and geo–economic differences.
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Introduction
Critically ill pediatric patients frequently require ven-
tilatory support, which, while lifesaving, carries inher-
ent risks [1, 2]. Despite its critical importance, research 
on ventilatory support practices in this patient popula-
tion remains notably limited. Historical studies have 
revealed considerable variability in key ventilatory sup-
port settings [3–14]. Lung–protective strategies in inva-
sive ventilation may have become more prevalent, and 
advancements in noninvasive ventilation (NIV) and 
high–flow nasal oxygen (HFNO) may have shifted venti-
latory support to these modalities [15–18]. Furthermore, 
ventilation practices in adult patients show significant 
variation across patient types [19–27] and geo–economic 
regions [28], and it can be expected that this variation 
also exists in children.

In adult patients, key ventilatory support variables and 
parameters, like tidal volume (VT), positive end–expira-
tory pressure (PEEP) and other airway pressures, fraction 
of inspired oxygen (FiO2), driving pressure (ΔP) and the 
mechanical power of ventilation (MP) have been shown 
to have associations with important outcomes like dura-
tion of ventilation and length of stay, and even mortal-
ity [19–27]. Similar associations may exist in critically ill 
pediatric patients, highlighting the importance of con-
ducting studies that collect these data in much greater 
detail. Such research is essential to deepen our under-
standing of ventilation practices and their impact on clin-
ical outcomes in pediatric critical care.

The ‘Ventilator Settings in Critically Ill Pediatric 
Patients—a European Registry’ (VESPer) study was con-
ducted to systematically examine ventilator settings, as 
well as ventilatory variables and parameters, in critically 
ill pediatric patients across European centers. The study 
aimed to explore specifically the variability in ventilatory 
management practices among different patient groups 
of critically ill patients receiving either invasive or non-
invasive ventilation. We hypothesized that ventilation 
practices would vary, both between individual patients 
and among distinct patient groups, potentially reflecting 
differences in underlying conditions, as well as treatment 
goals and institutional protocols.

Material and methods
Design
VESPer was an investigator–initiated, international, 
multicenter, prospective observational study. European 
centers were approached to collect data regarding venti-
latory support in a predefined 2–week period from Octo-
ber 2015 to April 2016. The study protocol of VESPer 
was approved by the Institutional Review Board of the 
University Medical Center Groningen, the Netherlands 
(2015/187). Individual patient informed consent was 

waived because of the strict observational nature of this 
study.

Selection of centers
Centers were invited to participate in VESPer through 
a call issued by ‘Respiratory Failure’ section the ‘Euro-
pean Society of Pediatric and Neonatal Intensive Care’ 
(ESPNIC).

Inclusion and exclusion criteria
Upon confirmation of participation, local investiga-
tors screened patients in the predefined 2–week period. 
Patients were eligible for participation in VESPer if: (1) 
aged ≤ 12  years; (2) admitted to the Pediatric Inten-
sive Care Unit (ICU) of a participating center; (3) start-
ing on ventilatory support during the enrolment period 
which could begin with either invasive ventilation, NIV 
or HFNO; and (4) that was expected to last at least 12 h. 
Patients admitted to a neonatal or an adult ICU were 
excluded, as were patients that received ventilatory sup-
port because of a perinatal–related condition.

Data collected
Data collection included patient demographics and base-
line characteristics, admission diagnosis, and disease 
severity scores. For seven days, starting from the day 
of initiation of ventilatory support, daily data were col-
lected. Day 0 was defined as the day of initiation of venti-
latory support. Day 1 to 7 represented ventilator settings 
in the morning between 6 and 9 am (essentially before 
the first morning blood gas was drawn and ventilator set-
tings could be changed). Daily data was collected for a 
maximum of 7  days of ventilatory support. For patients 
receiving invasive ventilation, daily ventilatory support 
characteristics were recorded, including expiratory VT, 
set and measured respiratory rate (RR), peak airway pres-
sure (Ppeak), mean airway pressure (Pmean), plateau 
pressure (Pplat), PEEP, FiO2, and inspiratory time. For 
patients on NIV, daily support characteristics included 
PEEP, pressure support (PS), Ppeak, RR, and FiO2. For 
those receiving HFNO, data included air flow and FiO2. 
Measures of oxygenation and decarboxylation were 
also collected, such as pulse oximetry oxygen saturation 
(SpO2), end–tidal carbon dioxide (etCO2), and results 
from arterial or capillary blood gas analyses, as well as 
the use of adjunctive therapies.

Definitions and calculations
Patients were categorized by age into neonates 
(aged < 1  month), infants (1 to 12  months), toddlers (1 
to 3  years) and children (4 to 12  years). Pediatric acute 
respiratory distress syndrome (PARDS) was defined 
according to the 2015 ‘Pediatric Acute Lung Injury Con-
sensus Conference’ (PALICC) definition [29].
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For calculation of static and dynamic airway pressure 
gradients and respiratory system compliance (CRS), we 
used the following equations [1, 30]:

	 static airway pressure gradient = Pplat − PEEP� (1)

	dynamic airway pressure gradient = Ppeak − PEEP� (2)

	 CRS = VT /(Pplat − PEEP)(in VCV)� (3)

	 CRS = VT /(Ppeak − PEEP)(in PCV)� (4)

Study endpoints
The primary endpoint was a set of key ventilator settings, 
including VT, RR, Ppeak and Pmean, PEEP, and FiO2. 
Secondary endpoints included other ventilatory support 
settings, and ventilatory variables and parameters.

Sample size calculation
We did not perform a formal sample size calculation. All 
results must be seen as explorative.

Statistical analysis
Descriptive statistics are used to describe patient demo-
graphics and baseline characteristics, types of ventilatory 
support, ventilator settings and ventilation parameters. 
Continuous variables are expressed in medians and inter-
quartile ranges, categorical variables are expressed in fre-
quencies and proportions.

Settings, variables and parameters were compared 
across the four age groups, and between patients with 
and without PARDS.

Cumulative distribution plots and line graphs are used 
to visualize the key ventilator settings.

Data are analyzed with R (R Core Team, 2022, Vienna, 
Austria, version 4.2.2). Statistical uncertainty is expressed 
by 95%–confidence levels. A P–value < 0.05 was consid-
ered statistically significant.

Results
Centers and patients
Of 105 centers invited to participate in VESPer, 55 ini-
tially expressed interest in participating (Fig.  1). Ulti-
mately, 43 centers, 1 in Belgium, 1 in Finland, 7 in France, 
1 in Italy, 4 in the Netherlands, 1 in Poland, 5 in Portu-
gal, 13 in Spain, 1 in Switzerland, 4 in Turkey, 5 in United 
Kingdom included a total of 166 patients. Most patients 
were infants, and the most common reason for ventila-
tory support was a respiratory disease (Table  1). The 
prevalence of comorbidities amongst patients was high, 
with cardiac and pulmonary diseases being the most 
common. A minority of patients (10%) had PARDS.

Types of respiratory support
Two–thirds of the patients started with invasive venti-
lation, and most of them with a PCV mode (Fig.  2 and 
Table 2). In the other patients, half started with NIV and 
the other half with HFNO. Patients under invasive ven-
tilation, NIV and HFNO were weaned within a median 
3 [2–6], 3 [2–4] and 3 [2–4] days from the first modal-
ity of respiratory support, respectively. NIV or HFNO 
was used in 24 patients (22%) after weaning from invasive 
ventilation.

Respiratory support settings
In patients receiving invasive ventilation, median VT and 
RR were 7 [6–9] ml/kg actual body weight (ABW) and 
30 [24–36] breaths/min, respectively, with notable varia-
tions observed between different age groups (Table 2 and 
Fig.  3). Median Ppeak and Pmean were 21 [18–25] and 
10 [9–13] cmH2O, respectively, with higher pressures 
observed in PARDS patients compared to those without. 
Median PEEP and FiO2 were 5 [5–6] cmH2O and 45 [35–
60] %, respectively, with higher values in PARDS patients 
compared to those without. Lung–protective ventilation 
with a VT < 8  ml/kg was applied in 57% of the patients 
at day 0, the majority of the patients was ventilated with 
PEEP lower than 6 cmH2O (70%) and peak pressures 
lower than 30 cmH2O (87%). Key ventilatory variables 
remained stable over time during the initial days of venti-
latory support (eFigure 1).

Fig. 1  CONSORT diagram. Patient flow in VESPer
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In patients receiving NIV, median Ppeak, Pmean and 
PEEP were 11 [7–14], 8 [7, 8] and 7 [6, 7] cmH2O, respec-
tively, and median FiO2 was 40 [30–50] %.

In patients receiving HFNO, median flow rate was 1 [1, 
2] L/kg/min, and median FiO2 was 40 [40–50] %.

Respiratory support parameters
In invasively ventilated patients, median static and 
dynamic respiratory system compliance was 6 [4–9] and 
4 [2–10] mL/cmH2O respectively; median static and 

dynamic airway pressure gradient was 12 [9–16] and 15 
[12–18] cmH2O. Static and dynamic respiratory system 
compliance was notably higher in older children, while 
static and dynamic airway pressure gradient was lower in 
older children (eTable 1).

Gas exchange parameters
Median etCO2 was 36 [30–41] mmHg and median SpO2 
was 98 [95–100] %. In patients with capillary or arterial 
blood gases performed, median pH was 7.3 [7.3–7.4], 
median pO2 was 84 [64–118] mmHg, and median pCO2 
41 [36–50] mm Hg. Higher pO2 levels were observed in 
older children (eTable 1) and those without PARDS com-
pared to PARDS patients (eTable 2).

Adjunctive therapies
Patients received adjunctive respiratory therapies, 
including nitric oxide (4%), steroids (24%), neuromuscu-
lar blocking agents (16%), and prone positioning (6%). 
Nitric oxide and neuromuscular blocking agents were 
used more often in younger children, while steroids were 
more common in older children (eTable 1).

Discussion
This report describes ventilation practices in critically 
ill pediatric patients receiving ventilatory support for at 
least 12 h. The main findings were (1) that there is sub-
stantial variability in the types of ventilatory support 
used; and (2) that key ventilator settings, as well as ven-
tilation variables and parameters vary among patient 
groups.

VESPer has several strengths. We contacted centers 
through a call issued by the leading ESPNIC, which 
helped us identify major European centers that might 
be interested in participating in a larger study on this 
topic. A total of 43 different centers in 11 countries par-
ticipated, increasing the generalizability of the findings. 
Detailed information on ventilator settings and param-
eters were captured. Furthermore, we collected data dur-
ing various seasons, and in various patient groups, with 
complete data available for most patients, allowing for a 
robust analysis.

The findings of our study can be compared with similar 
studies in adults, such as the ‘Large observational study 
to UNderstand the Global impact of Severe Acute respi-
ratory FailurE’ (LUNG SAFE) [31], ‘PRactice of VENTi-
lation in critically ill patients without ARDS at onset of 
ventilation’ (PRoVENT) [32], and ‘PRactice of VENTila-
tion in Middle–income Countries’ (PRoVENT–iMiC) 
[33]. These studies have significantly contributed to shap-
ing the research landscape within adult intensive care 
medicine. LUNG SAFE and PRoVENT provided crucial 
insights into ventilatory support practices and outcomes, 
identifying areas where further research was needed. 

Table 1  Patient demographics and admission characteristics
n = 166

Demographics
  Age (months), median [IQR] 9 [2 − 37]
  Male, n (%) 91 (55)
  Weight (kg), median [IQR] 9 [4 − 14]
  Height (cm), median [IQR] 74 [57 − 98]
  History of premature birth, n (%) 27 (16)
Admission category
  Medical unplanned, n (%) 101 (61)
  Medical planned, n (%) 7 (4)
  Surgical planned, n (%) 36 (22)
  Surgical unplanned, n (%) 22 (13)
Admission diagnosis
  Respiratory, n (%) 75 (45)
  Circulatory, n (%) 22 (13)
  Neurological, n (%) 8 (5)
  Metabolic, n (%) 2 (1)
  Post-operative, n (%) 52 (31)
  Trauma, n (%) 6 (4)
Comorbidities
  None, n (%) 84 (51)
  Pulmonary, n (%) 20 (12)
  Cardiac, n (%) 39 (23)
  Neuromuscular, n (%) 3 (2)
  Syndrome/genetic abnormalities, n (%) 18 (11)
  Oncologic, n (%) 8 (5)
  Organ transplant, n (%) 3 (2)
  Chronic ventilation, n (%) 0 (0)
  Mental retardation, n (%) 5 (3)
Type of ventilatory support at day 0
  Invasive ventilation, n (%) 111 (67)
  NIV, n (%) 33 (20)
  HFOV, n (%) 0 (0)
  HFNO, n (%) 22 (13)
Severity score
  PRISM III 17 [13 − 20]
Blood gas results
  pH, median [IQR] 7.34 [7.27 − 7.40]
  PaO2 (mmHg), median [IQR] 84 [64 − 118]
  PaCO2 (mmHg), median [IQR] 41 [36 − 50]
Abbreviations: HFNO high flow nasal oxygen, HFOV high frequency oscillatory 
ventilation, NIV non-invasive ventilation, PaO2 partial arterial oxygen pressure, 
PCO2 partial pressure of carbon dioxide, PRISM III pediatric risk of mortality III 
score
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PRoVENT–iMiC expanded on this and demonstrated the 
feasibility of such studies in centers in Asian countries, 
paving the way for larger worldwide studies that include 
both centers in resource–rich and resource–limited set-
tings. These studies found that certain ventilatory vari-
ables were associated with important clinical outcomes 
[19–27]. It is likely that similar associations exist in pedi-
atric patients. Historical studies have found variability in 
key ventilatory support settings [3–14] and investigated 
some aspects of ventilation. A recent nonrandomized 
controlled trial found that lung protective ventilation 
strategies in patients with PARDS was associated with 
reduced mortality [34]. Additionally, studies in both 
adult and pediatric ICU patients suggest that ventila-
tion practices evolve over time. For example, during the 
COVID-19 pandemic, studies in adults showed increased 
adherence to lung-protective ventilation protocols, with 
lower tidal volumes and more frequent use of prone posi-
tioning [35–37], compared to earlier ventilation practices 
[31, 32]. In pediatric patients, the COVID–19 pandemic 
also impacted on pediatric respiratory infections, with 
fewer PICU admissions in 2020–2021 [38, 39], followed 
by a resurgence with studies reporting higher disease 
severity and an increased need for mechanical ventila-
tion [40–42]. These evolving trends underscore the need 
for ongoing research into the effects of ventilation strat-
egies in critically ill children. We hope our findings will 
help establish a similar research landscape for critically ill 
children, akin to that in adult intensive care medicine.

Our findings reveal remarkable variability in ventila-
tion practices. Various modes of ventilatory support were 

reported not only within invasive ventilation but also 
among the different types of respiratory support avail-
able. Interestingly, our data suggest a more frequent use 
of lung–protective ventilation with low VT. Previous 
research has shown less consistent use of low VT and 
considerable variability in VT size [6, 9, 15]. The use of 
PEEP was generally consistent with other studies [3, 4]. 
Notably, our study was conducted after publication of 
guidelines by the Pediatric Acute Lung Injury Consensus 
Conference Group (PALICC) in 2015 [29]. These guide-
lines recommend using VT within or below the physio-
logical range of 5 to 8 ml/kg body weight and maintaining 
an inspiratory plateau pressure limit of 28 cmH2O. They 
also recommend a PEEP of 10–15 cmH2O for children 
with severe PARDS but do not provide specific recom-
mendations for non-severe cases. In our cohort, only 10% 
of patients met the PARDS criteria, with most classified 
as mild and only 2% as severe. Among those with severe 
PARDS, the mean PEEP was higher than in patients 
without severe PARDS, averaging 10 cmH2O. Similar to 
findings from the Paediatric acute respiratory distress 
syndrome incidence and epidemiology (PARDIE) study, 
PEEP levels in clinical practice often remain lower than 
recommended by the Acute Respiratory Distress Syn-
drome Network PEEP/FiO2 grid [43].

We found that one–third of the children initially 
received NIV or HFNO. This observation reflects a grow-
ing trend towards the more intensive use of noninvasive 
forms is ventilatory support [15–18, 44]. In particular, 
interest in HFNO is increasing in pediatric care, as it 
is often better tolerated than NIV. Emerging evidence 

Fig. 2  Alluvial plot illustrating the types of ventilatory support used in the first days in ICU, including invasive ventilation, noninvasive ventilation, 
and high–flow nasal oxygen, and their subsequent usage patterns. The blocks indicate the number of patients receiving ventilatory support at day 0, 1, 2 
and 3. The stream fields between the blocks represent changes in ventilatory support over time
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shows that HFNO may be associated with reduced work 
of breathing, improved ventilatory support efficiency, 
and a decreased need for intubation in children with 
respiratory insufficiency compared to standard low flow 

oxygen therapy. This has been observed both in ICU set-
tings [16–18, 45] and outside of them [46]. Two RCTs 
comparing HFNO with CPAP showed that HFNO, as a 
step-up strategy, was non-inferior to CPAP for time to 
liberation from respiratory support, with significantly 
lower use of sedation and lower duration of ICU stay in 
the HFNO group [47]. However, HFNO failed to show 
noninferiority to CPAP as a step-down strategy in chil-
dren extubated after invasive mechanical ventilation [48]. 
Our reported rate of 22% for post-extubation use of NIV 
or HFNO appear lower than those in more recent trials 
[48, 49]. This discrepancy may be due to differences in 
study periods, as our data were collected in 2015/2016, 
whereas newer studies reflect evolving ventilation prac-
tices. Additionally, since our dataset captured ventilatory 
support only once per day, short-term NIV or HFNO use 
may have been underestimated.

In our study, the incidence of PARDS was higher com-
pared to that reported in other studies [4, 50, 51]. One 
meta–analysis of studies in children found that the 
pooled weighted population-based incidence of 2 to 10 
times lower than in adult studies in Europe and the US, 
respectively [51]. The lower incidence of PARDS in chil-
dren might result from under recognition or underre-
porting, as interpreting bilateral radiographic infiltrates 
on chest radiography can be challenging [29]. However, 
PARDS might also be a different syndrome from adult 
ARDS, as mortality rates differ, and poor initial oxygen-
ation predicts worse outcomes in PARDS but not in adult 
ARDS [52]. Larger studies, as well as studies specifically 
focused on PARDS, are needed to better understand its 
incidence and characteristics, especially regarding the 
way ventilatory support is provided.

In line with previous investigations of ventilation prac-
tices in adult patients, our data indicate that ventilator 
settings and ventilation parameters remain relatively 
stable over the initial days of support [28, 32]. This find-
ing is significant because it suggests that the collection 
of these data, which can be very time-consuming, can be 
limited in future studies. This reduction in data collection 
effort would enhance the feasibility of conducting larger 
studies.

VESPer had several limitations. The willingness to 
participate may have introduced bias, as centers with a 
particular interest in ventilatory support may have been 
more likely to join. While data collection was nearly com-
plete for most patients, we were unable to determine the 
total number of admitted patients and outcome data were 
missing for some centers. This may have been due to 
early transfers to other facilities, which made it difficult 
or impossible to gather this information. Future stud-
ies should strive for rigor and clarity to avoid this issue. 
Additionally, we did not have screening data to assess 
the proportion of eligible patients enrolled. The low 

Table 2  Ventilatory characteristics at day 0
Invasive mechanical ventilation n = 111
Mode of ventilation
  Pressure control, n (%) 51 (46)
  Volume control, n (%) 15 (14)
  Pressure support, n (%) 31 (30)
  Volume support, n (%) 11 (10)
  CPAP, n (%) 1 (1)
Ventilatory variables
  VTe (ml/kg ABW), median [IQR] 7 [6 − 9]
    < 6, n (%) 19 (16)
    6–8, n (%) 44 (13)
    8–10, n (%) 17 (15)
    10–12, n (%) 13 (12)
    > 12, n (%) 7 (6)
  PEEP (cm H2O), median [IQR] 5 [5 − 6]
    < 6, n (%) 78 (70)
    6–8, n (%) 15 (14)
    8–10, n (%) 8 (7)
    10–12, n (%) 5 (5)
    > 12, n (%) 2 (2)
  Ppeak (cmH2O), median [IQR] 21 [18 − 25]
  Pmean (cmH2O), median [IQR] 10 [9 − 13]
  RR set (breath/min), median [IQR] 30 [24 − 36]
  RR measured (breath/min), median [IQR]  33 [25 − 40]
  FiO2 (%), median [IQR] 45 [35 − 60]
  Static Crs (ml/cmH2O), median [IQR] 6 [4 − 9]
  Dynamic Crs (ml/cmH2O), median [IQR] 4 [2 − 10]
  Static airway pressure gradient (cmH2O),  

median [IQR]
12 [9 − 16]

  Dynamic airway pressure gradient (cmH2O),  
median [IQR]

15 [12 − 18]

Noninvasive ventilation n = 33
Mode of ventilation
  Pressure control, n (%) 7 (21)
  Pressure support, n (%) 14 (42)
  CPAP, n (%) 6 (18)
Ventilatory variables
  PEEP (cm H2O), median [IQR] 7 [6 − 7]
  Ppeak (cm H2O), median [IQR] 11 [7 − 14]
  Pmean (cm H2O), median [IQR] 8 [7 − 8]
  FiO2 (%), median [IQR] 40 [30 − 50]
High-flow nasal oxygen n = 22
  Flow rate (L/kg/min), median [IQR]  1 [1 − 2]
  FiO2 (%), median [IQR] 40 [40 − 50]
Abbreviations: ABW actual body weight, CPAP continuous positive airway 
pressure, VTe expiratory tidal volume, FiO2 fraction of inspired oxygen, Pmean 
mean airway pressure, PaO2 partial arterial oxygen pressure, PCO2 partial 
pressure of carbon dioxide, Ppeak peak pressure, PEEP positive end-expiratory 
pressure, RR respiratory rate, CRS respiratory system compliance
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number of patients per center may reflect variations in 
ICU admissions, exclusion of patients expected to need 
ventilation for < 12 h, and logistical challenges of enroll-
ing within 24 h of initiation. Awareness of data collection 
could have influenced daily practice. Furthermore, the 
actual number of patients included was too low to come 
to firm conclusions. Lastly, these data were collected in 
2015/2016, this might hamper generalizability. However, 
understanding earlier practices remains relevant for eval-
uating current trends, identifying changes in ventilation 
management and assessing whether these changes and 
the introduction of new modalities have improved clini-
cal outcomes of critically ill pediatric patients.

In conclusion, this study gives insight into ventilation 
practices in critically ill pediatric patients in European 
centers. Larger studies remain needed to confirm this 
variability, to investigate associations between ventilation 
practices and clinical outcomes, and to assess time and 
geo–economic differences.
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Fig. 3  Cumulative frequency distribution plots of key variables of invasive ventilation at day 0, A categorized by age group as well as by B the presence 
or absence of pediatric acute respiratory distress syndrome (PARDS). Horizontal dotted lines represent the median for each variable, and vertical dotted 
lines represent the ideal cutoff for each parameter. Abbreviations: VT, tidal volume; PEEP, positive end–expiratory pressure; Pmean, mean airway pressure; 
Ppeak, peak airway pressure; FiO2, fraction of inspired oxygen; RR, respiratory rate
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