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Abstract

Background Despite international guidelines for lung protective ventilation in neonatal or pediatric acute respiratory
distress syndrome (NARDS/ pARDS), prospective data on bedside monitoring tools for regional ventilation distribution
and lung mechanics are still rare. As a bedside and radiation-free procedure, electrical impedance tomography (EIT)
offers a practical and safe approach for analyzing regional ventilation distributions. Recent trials in adults have shown
the efficacy of an individualized EIT guided strategy for the improvement of ventilator induced lung injury (VILI).

Methods We performed a single-center prospective feasibility study from November/2021 to December/2023

in the department of neonatal and pediatric intensive care medicine at the University Children’s Hospital in Bonn.

All patients with diagnosis of nARDS (or history of perinatal lung disease-PLD)/ pARDS were screened for study
inclusion. In all patients a decremental PEEP (positive end-expiratory pressure) trial was performed with a continuous
EIT monitoring for an individual analysis of the EIT guided pixel compliance (Cg;;) and PEEP finding (EIT-PEEP). In the
offline analysis, further EIT derived indices, such as global inhomogeneity index (Gl), and center of ventilation (CoV),
were calculated.

Results Overall, 40 EIT measurements were performed in 26 neonatal and pediatric patients (NnARDS/PLD, n=6; and
PARDS, n=20) within a predefined decremental PEEP trial. Thirteen patients were classified as having severe nARDS
(PLD)/ pARDS with an Oxygen Saturation Index (OSI) > 12 or Oxygenation Index (Ol) > 16. In-hospital mortality rate
was 27% in the overall cohort. The median EIT-PEEP (11mbar) was calculated as lowest, as compared to the clinically
set PEEP (11.5mbar, p<0.001), and the ARDSnetwork PEEP table recommendation (ARDSnet-PEEP, 14mbar, p=0.018).
In patients with nARDS/PLD, the EIT-PEEP was calculated 3mbar below the clinically set PEEP (p=0.058) and 11 mbar
below the ARDSnet-PEEP (p=0.01). In the linear regression analysis, EIT-PEEP and the dynamic compliance (Cpy,) at
-2mbar presented a significant correlation with a Cohen’s R? of 0.265 (B: 0.886, p=0.005).

Conclusion EIT is feasible and can be performed safely in patients with diagnosis of NARDS/PLD and pARDS, even
during ongoing extracorporeal membrane oxygenation (ECMO) support. An individualized PEEP finding strategy
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according to the EIT compliance might optimize regional ventilation distribution in these patients and can potentially

decrease VILI.

Clinical trial registration The study was registered at the German Clinical Trials Register (GCT; trial number: DRKS
00034905, Registration Date 15.08.2024). The registration was performed retrospectively after inclusion of the last

patient.

Keywords Electrical impedance tomography, Regional ventilation, Neonatal, Pediatric, Acute respiratory distress

syndrome

Introduction

The mortality of pediatric acute respiratory distress syn-
drome (pARDS) is reported as 30% and can be as high
as 50% in severe pARDS [1]. The incidence of pARDS
has previously been 3.5/100,000 per year (Berlin defini-
tion), however, the new pARDS definition of the Pediat-
ric Acute Lung Injury Consensus Conference (PALICC)
allows approximately [2] 40% more children to be iden-
tified, so that the actual number is correspondingly
higher [1, 3]. The reported prevalence for neonatal ARDS
(nARDS) is 1-2%, with a mortality rate around 25%,
which is comparable to the data from children suffering
from pARDS [4].

Despite intensive research, development of consensus
guidelines, and enhanced treatment strategies such as
extracorporeal membrane oxygenation (ECMO), there
is still a need for improvement of treatment strategies.
The clinical picture of nARDS and pARDS is very simi-
lar and both entities are determined by various etiologies.
Infections with a septic course, traumatic lung events, as
well as endogenous causes have been identified as major
contributors of lung damage [3-6]. Due to these het-
erogenous causes, an individual therapeutic approach
seems to be reasonable. One of the major challenges in
nARDS and pARDS is to prevent patients from ventilator
induced lung injury (VILI). VILI can be origin and conse-
quence of ARDS, and is one of the major contributors to
patient’s outcome [7]. Therefore, international treatment
guidelines have defined strategies for lung protective
ventilation in nARDS/ pARDS (tidal volume 6-8 ml/kg,
peak ventilation pressure <30mbar, high PEEP, permis-
sive hypercapnia) [8, 9]. There is still a lack of prospec-
tive data on the optimal PEEP level and effect of PEEP
on lung mechanics and outcome, but recent studies and
meta-analyses have shown a huge variability in clinically
set PEEP and negative effects of high PEEPs in mild and
severe pARDS [10]. Being aware of these challenges, the
renewed PALICC guidelines (PALICC-2) call for pro-
spective studies to evaluate monitoring tools for mechan-
ical ventilation in children [8]. In clinical routine, EIT is
already present in adults, but in children this technique
is just part of recommendations for further investiga-
tion. Experimental and clinical data confirm its benefits
in the management of children receiving mechanical

ventilation by visualizing and evaluating regional ven-
tilation changes, alveolar collapse, alveolar recruitment
and lung overdistension [11]. In recent years, there has
been upcoming research evaluating an individualized
approach using EIT to optimize ventilator and PEEP set-
tings in critically ill patients with ARDS, with the aim
the reduce VILI and improve patient outcome [12-14].
Unfortunately, comparable data from neonatal or pedi-
atric cohorts are still lacking. The present study aims to
provide preliminary data to the existing knowledge about
feasibility and benefits of EIT guidance in nARDS and
PARDS. By evaluating regional compliance changes and
ventilation distributions, we aim to validate how EIT can
be integrated in daily clinical practice for an individual-
ized PEEP finding and decision-making of ventilator set-
tings in patients with nARDS and pARDS.

Methods

Study cohort and ethical approval

All patients admitted to the neonatal and pediatric inten-
sive care unit (NICU/ PICU) of the University Children’s
Hospital Bonn between November 2021 and December
2023 were screened for study inclusion. Inclusion cri-
teria were: nARDS/ pARDS by PALICC-2, Montreux
definition, or history of perinatal lung disease (PLD,
including infants with congenital lung disease, e.g. con-
genital diaphragmatic hernia [CDH]) [8, 15]; need for
prolonged invasive mechanical ventilation (>24 h); body-
weight > 3.5 kg, and thorax circumference > 36 cm. Exclu-
sion criteria were defined as follows: patients undergoing
palliative care, single lung physiology, unstable hemody-
namical or clinical condition impeding an EIT measure-
ment, contraindication for EIT measurements according
to device certification (Fa. Draeger, e.g. implanted pace-
maker). The methods used for the clinical research were
performed in accordance with the STROBE (strength-
ening the reporting of observational studies in epide-
miology) guidelines [16] and in accordance with the
Declaration of Helsinki.

Prior to study inclusion, written informed consent was
obtained by the legal guardians of the patients. Ethical
approval was given by the Institutional Review Board
of the Medical Center of the University of Bonn (local
running number 048/21). The study was retrospectively
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registered at the German Clinical Trials Register (GCT;
trial number: DRKS 00034905, Registration date
15.08.2024) after finalization of the study and inclusion of
the last patient.

Monitoring and ventilation data

EIT was performed regardless of other organ failures,
genetic defects, or ARDS origin. Vital signs, ventilation
data and ventilator settings were continuously collected
by the in-house electronic documentation system (Inte-
grated Care Manager-ICM by Driager Medical GmbH).
Due to the use of three different ventilators in our depart-
ment (Driager [Babylog VN500 and Evita V500] and
Magquet [Servo NJ), the dynamic compliance (Cpyy) was

calculated (Cyypn, = tidalvolume ) yhep not recorded by

Triving pressure
the ICM. Analyzed ventilation parameters are shown in
Table 1. Arterial blood gas (ABG) values were obtained
in the unit using the Rapidlab 1200 system (Siemens
Healthcare, Erlangen Germany).

EIT measurement and EIT indices

After admission to the NICU or PICU and after informed
written consent of the legal parental guardians, a stan-
dardized PEEP titration and decremental PEEP trial was
performed as early as possible after starting invasive
pressure-controlled mechanical ventilation and meeting
criteria of nARDS or pARDS (T1). When possible, EIT
measurements were repeated in each individual patient
(T2, T3,.). The EIT measurements (frame rate 50 Hz)
were performed using the PulmoVista 500 EIT device
(Fa. Draeger, Liibeck, Germany) and the corresponding
16-electrode silicone-belt. The electrode belt was applied
around the thorax at the nipple-level and in newborns

Table 1 Analyzed ventilation related parameters
Parameters

Ventilation mode

Fraction of inspired oxygen (FiO,)

Use of nitric oxide (NO)/ isoflurane

Positive end-expiratory pressure (PEEP)
Clinically set PEEP (as set by the physician)
EIT-PEEP (according to the Costa approach)

ARDSnet-PEEP (according to FiO,/PEEP table from ARDSnet
recommendation)

Positive inspiratory pressure (PIP)
Mean airway pressure (MAP)
Driving pressure (AP)

Respiratory rate (RR, as set at the respirator and spontaneous RR by the
patient)

Tidalvolume (Vy, inspiratory and expiratory)
Dynamic compliance (Cpyy)

Oxygen saturation index (OSI)

Inspiratory time (T)

Arterial blood gas analysis (ABG: pa0O,, paCO,, Sa0,)
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and infants<10 kg directly under the axilla level. The
PEEP titration was interrupted immediately when
patient’s clinical situation deteriorated (e.g., desaturation
or severe hypotension). PulmoVista500 software and cus-
tom-made software (Matlab 21a; The MathWorks Inc.)
were used for online and offline EIT indices evaluation.
Primarily, the EIT pixel compliance (Cg;r) was calculated
A

based on the formula CP[XEL = Pplateau—PEEP’ as

described by Costa et al. [17]. This calculation was used
to explore the EIT-PEEP (mbar), which is defined as the
PEEP at the crossing-point where the cumulated overdis-
tension (OD) and lung collapse (LC; both as percentage
of lung area) is at the minimum. In addition, the center
of ventilation (CoV) describes the horizontal (right to left
[CoVy], 0-1) and vertical (ventral to dorsal [CoVy 0-1])
spatial distribution of lung ventilation [18, 19]. Integra-
tion of the distribution of tidal impedance variations of
all EIT pixels is represented by the global inhomogene-
ity (GI) index in a single numeric value [18, 20]. Further-
more, the ventilated lung area was calculated during the
different PEEP levels in 4 predefined regions of interest
(ROIs: ventral, mid-ventral, mid-dorsal, dorsal).

Standardized decremental PEEP titration

Clinically set PEED, as set by the attending physician, was
defined as baseline PEEP (BP, mbar). Clinically set PEEP
was adjusted by the physician according to the in-house
clinically routine and considering the different points: (a)
chest x-rays imaging and lung ultrasound (position of the
diaphragm and lung opacities/ lung overdistension), (b)
ABG values with focus on the of partial pressure of car-
bon dioxide (paCO,, normal to permissive hypercarbia
with tolerated pH of 7.25-7.40), and partial pressure of
oxygen (pa0,), (c) dynamic compliance, driving pressure
(targeted range<15mbar), and tidal volumes (targeted
range 4-6 ml/kg/ predicted body weight) as measured
by the ventilator, and (d) cardiac function, evidence of
pulmonary hypertension and preload situation. Start-
ing from BP, the PEEP was increased +4mbar and then
decreased in 2 mbar steps every 5 min (PEEP titration:
BP +4mbar, BP +2mbar, BP +Ombar, BP — 2mbar, BP
-4mbar), with a constant driving pressure (AP) and frac-
tion of inspired oxygen (FiO,). At the end of each PEEP
level an ABG was obtained from an indwelling arterial
line for calculation paO,, paCO,,.

Group stratification, statistics and outcome measures

The primary outcome factor was identification of the
EIT-PEEP according to the EIT derived compliance
(Cgrr)- The EIT-PEEP was then compared with the clini-
cally set PEEP as set by the attending physician and the
lower table of the ARDSnet protocol recommendation
(ARDSnet-PEEP) [21, 22]. The total cohort was then sub-
divided into patients with pARDS (group A), and patients
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with nARDS and history of PLD (group B) for further
subgroup analysis.

Secondary outcome measures were further EIT derived
indices as GI and CoV as well as identification of the
optimal ABG values during PEEP titration (paO,, pCO,,
Sa0,), and identification of the best respirator derived
compliance (Cyy,) during PEEP titration. Furthermore,
the duration of mechanical ventilation and in-hospital
mortality were defined as secondary outcome measures.
We did not perform a power-analysis, as there is a lack of
comparable data, and the feasibility study was conducted
as basis for a future longitudinal randomized control
trial.

Patients admitted to the NICU/PICU from
November 2021 - December 2023 (study period) with
a) pARDS n=34, and

b) neonatal respiratory failure (including nARDS/PLD) n=165
Total: n=199

Patients without

ElT-measurements: [
n=172

Included patients: n=27
Group A (pPARDS): n=20
Group B (hAARDS/PLD): n=7
Performed EIT-measurements: n=48

Patient and EIT-measurement exclusion
A) Poor signal quality of EIT-data:
n=5 measurement

B) PEEP-titration could not be performed|
according to the protocol:

n=2 measurements
C) Missing criteria for nARDS/PLD:
n=1 patient

Final cohort:

Included patients: n=26
Group A (pPARDS): n=20

Group B (nARDS/PLD): n=6
Performed EIT-measurements: n

Fig. 1 CONSORT flow-chart of the study population and patients admit-
ted to our neonatal and pediatric intensive care unit with the diagnosis
of NARDS/ history of PLD and pediatric ARDS. Patients with pARDS were
referred to the ICD diagnosis J80.0=acute respiratory distress syndrome
(ARDS): between 28 days and 18 years [J80.0 [1-9] = subgroups and sever-
ity of ARDS] and patients with neonatal respiratory failure were referred
to the ICD diagnosis P28.5 =respiratory failure in neonates. Abbreviations:
EIT: electrical impedance tomography; nARDS: neonatal acute respiratory
distress syndrome; NICU: neonatal intensive care unit; pARDS: pediatric
acute respiratory distress syndrome; PICU: pediatric intensive care unit:
PLD: perinatal lung disease
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Statistical calculations were analyzed using IBM SPSS
Version 29.0.2.0. Descriptive data is presented as absolute
numbers (n) and percentage. Non-normally distributed
data are presented as median with interquartile range
(IQR). Repeated measurements over different PEEP lev-
els were calculated using ANOVA with repeated mea-
surements and Bonferroni-adjusted post-hoc analysis.
For comparison between subgroups and timepoints
(non-normally distributed, continuous variables), a
Mann-Whitney U test or Wilcoxon test was performed.
For categorical variables, the Pearson’s Chi® test and
Fisher’s exact test were applied, as appropriate. P-values
below 0.05 were considered as statistically significant.

Results

The CONSORT Flow-chart is displayed in Fig. 1. Over-
all, 26 patients were prospectively enrolled and included
in the study, with overall 47 EIT measurements per-
formed in these patients. Seven EIT measurements were
excluded from the final statistical analysis due to an
incomplete performance of the PEEP titration protocol
(n=2) or poor quality of the EIT data set, which could not
be analyzed appropriately (n=5; inadequate EIT signal
quality and inability to detect single breathes properly).
All patients’ characteristics and epidemiological data are
displayed in Table 2. 77% of patients with pARDS were
allocated to group A (n=20) and 23% of patients with
nARDS/history of PLD to group B (n=6). More than 50%
of patients in both groups were classified as severe ARDS
(OSI>12 or OI>16). More detailed information about
the suspected cause of ARDS and outcome data are illus-
trated also in Table 2.

Ventilation and respirator data

All patients were on invasive mechanical ventilation.
Ventilator settings and modes are displayed in Table 3.
At the time of PEEP titration and EIT measurements
(n=40), 60% (n =23) of the examinations were performed
during a pressure-controlled biphasic positive airway
pressure (PC-BIPAP) mode and 40% (n=15) during a
pressure-controlled synchronized intermittent manda-
tory ventilation (PC-SIMV) mode. Two EIT measure-
ments were performed during a pressure-supported
spontaneous continuous positive airway pressure (SPN-
CPAP) mode. All patients were treated with midazolam
or inhaled sevoflurane (50% of patients) as a sedative, in
addition to fentanyl or remifentanil. A neuromuscular
blockade was used (cisatracurium or vecuroniumbro-
mid) only if needed and patients were uncomfortable on
assisted ventilation mode. In two-thirds of the EIT mea-
surements patients were treated with inhaled nitric oxide
(iNO).
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Table 2 Data are presented as absolute number (n) with % or
median with IQR (25/75) for non-normally distributed data. Any
organ failure was confirmed by state-of-the-art diagnostic. Brain
(incl. structural, ischemic, hemorrhagic lesions), heart (incl. only
structural heart defects confirmed by echocardiography), liver
failure (liver cirrhosis), renal failure (incl. structural, tumor and
infectious disease, acute kidney failure in patient history not
related to recent ARDS), genetics (incl. only genetically confirmed
aberrations; trisomy 21, 8 mosaic, ABCA3 frameshift mutation
and VACTERL). Abbreviations: nARDS: neonatal acute respiratory
distress syndrome, pARDS: pediatric acute respiratory distress
syndrome, ECMO = extracorporeal membrane oxygenation,
PALICC-2 = Pediatric Acute Lung Injury Consensus Conference,
PLD=perinatal lung disease, T1 =first EIT measurement as soon
as possible after admission and start of mechanical ventilation
Epidemiological Data (N=26 patients)

Age, years 2 Organ failure (not associ-
(06/6.8) ated with ARDS), n (%)
Female sex, n (%) 16 (62)  Brain 7(27)
Body weight, kg 10 (6/25) Major cardiac defect 11(42)
Thoracic circumference,cm 52 Liver failure 1(4)
(42/71)
T1 in days after admission,d 3.5 Renal failure 7(27)
(1/26)
EIT measurements, n (%) Genetics, n (%)
Overall measurements 40 Trisomy 21 4(15)
One measurement, n (%) 17 (65)  Other aberration 28
>Two measurements, n (%) 9(35) Veno-venous ECMO, 10 (39)
n (%)
Under ECMO support, n (%) 6(23) ECMO duration, d 14
(5/56)
Main diagnosis, n (%) In-hospital length of 44
stay, d (15/79)
PARDS (PALICC-2) 20(77) Duration of mechani- 21
cal ventilation, d (7/55)
nARDS/PLD (Montreux) 6(23) Days of oxygen sup- 11
ply, d (25/74)
severe pARDS 10 (50)  In-hospital mortality, 7 (27)
n (%)
severe nARDS 4(67)
severe ARDS, overall 14 (54)

Pathogen detection, n (%)
(blood stream infection or respiratory

tract)

No pathogen found 8(31)
Bacterial 3(12)
Viral 12 (46)
Covid-19 5(19)
Combined 3(12)

Feasibility and safety of EIT data recording

Valid EIT data of sufficient quality were obtained in 40/48
(83%) EIT measurements. Seven examinations (17.5%)
could not be completed in their intended range. In five
patients (12.5%) the last PEEP titration step (4mbar below
BP) resulted in a subsequent desaturation (SpO,<90%),
with a suspected lung de-recruitment of dorsal gravity-
dependent lung regions. In two of these patients the
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Table 3 Ventilator settings. Data are presented as median with
IQR (25/75). Abbreviations: ARDSNet-PEEP = PEEP following the
ARDSnet recommendation table [low PEEP/FIO,], clinically set
PEEP =PEEP as set by the attending physician, EIT-PEEP =PEEP
level according to the crossing-point of the curves for the
estimated lung overdistension and lung collapse according

to the ElT-pixel compliance (Costa et al.), MAP=mean airway
pressure, OSI=oxygenation saturation index, PEEP = positive end
expiratory pressure, PIP = peak-inspiratory-pressure, AP =driving
pressure, RR=respiratory rate

Parameters EIT Measurements (N=40)

Median IQR (25/75)
FiO,, % 87.5 55 100
oSl 15 94 20
Clinically set PEEP, mbar 115 10 15
ARDSNet-PEEP, mbar 14 10 18
EIT-PEEP (Costa et al.), mbar I 85 14
PIP. mbar 26 22 30
AP, mbar 13 1M 17
MAP. mbar 18 15 22
RR, breath/min 25 20 30
RRincl. spontaneous breathing 28 20 37
Inspiratory time, s 1 0,8 1.2

PEEP titration needs to be interrupted directly (SpO,
decreasing < 80%), resulting in an exclusion of these two
patients (see flow-chart, Fig. 1). In the other patients
SpO, improved rapidly after the end of the PEEP titration
when adjusting PEEP towards baseline. No EIT measure-
ment need be discontinued due to hemodynamic insta-
bility (severely decreased blood pressure). In five patients
EIT data sets were of poor signal quality and could not be
analyzed (see flow-chart, Fig. 1).

PEEP titration, EIT measurements
The evaluation of the ventilator derived dynamic com-
pliance (Cpyy) measurements during PEEP titration is
illustrated and ABG values as well as saturation values
are displayed in Fig. 2. In all measurements the best Cpyy
was detected at a PEEP of -2mbar below the clinically set
PEEP. When comparing both subgroups (A vs. B) best
Cpyn Was detected at a PEEP —2mbar below the clini-
cally set PEEP, with an overall gain of Cpyy around 20%
(p=0.065) (see Fig. 2, and Table 4). The paO, and paCO,
almost remained unaffected and showed no significant
decrease or increase (p>0.05), even when lowering the
PEEP -4mbar. The calculation for OD and LC with the
detection of the crossing-point of both curves, the illus-
tration of the GI, CoVy and CoVy, as well as the PEEP
calculation according to the different methods (clinically
set PEEP, EIT-PEEP, ARDSnet-PEEP) are illustrated in
Figs. 3, 4 and 5(A-C).

Overall, at a PEEP of -2mbar compared to the clini-
cally set PEEP, the cumulated OD and LC (Cg;) were
both defined as mild/tolerable (<5%), defining the best
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remental PEEP titration. Abbreviations: BGA: blood gas analysis; paO,: par-
tial arterial pressure of oxygen; paCO,: partial arterial pressure of carbon
dioxide; SaO,: arterial oxygen saturation; SpO,: pulse-oxymetric oxygen
saturation

Cgr and the optimal crossing-point between both data
sets (OD vs. LC; compare Fig. 3A-C, and Table 5). There
were no differences found between patients from group
A or group B regarding findings for OD and LC (Cgyp).
The GI and CoVy remained stable when lowering PEEP
from +4mbar to -2mbar, without significant differ-
ence between PEEP levels and subgroups. However,
the CoVy decreased significantly when lowering PEEP
level towards —4mbar, but without significant differ-
ence between subgroups (Fig. 5B). When lowering the
PEEP to -4mbar the LC (+6%, p<0.001, Fig. 2A), and
the CoVy (-0.03, p<0.001, Fig. 3B) changed significantly,
might indicating a loss of ventilated lung area. The ven-
tilated lung area during the PEEP titration is illustrated
in Fig. 4. When comparing the clinically set PEEP, the
EIT-PEEP, and ARDSnet-PEEP (Fig. 6A-C) of the overall
cohort, the EIT-PEEP was calculated — 0.5mbar below the
clinically set PEEP (p<0.001, median clinically set PEEP
11.5 vs. 11 EIT-PEEP), and about - 2.5mbar below the
ARDSnet-PEEP recommendation (low FiO,/PEEP table,
p=0.018). PEEP levels (clinically set PEEP, EIT-PEEP,
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and ARDSnet-PEEP) between subgroups (nARDS/PLD
vs. pARDS) differed significantly (p=0.034, p=0.021,
and p=0.024, respectively). When separating only for
patients from group A, EIT-PEEP differed significantly
from clinically set PEEP (p<0.001), but did not dif-
fer from ARDSnet-PEEP (p=0.470). When looking for
patients allocated to group B, EIT-PEEP was calculated
—3mbar below the clinically set PEEP (p=0.063) and
—9mbar below the ARDSnet-PEEP recommendation
(p=0.008). In patients with fatal outcome (in-hospital
mortality), EIT-PEEP levels between survivors and non-
survivors differed significantly (p=0.009), with higher
EIT-PEEP values in patients with fatal outcome. PEEP
levels for clinically set PEEP and ARDSnet-PEEP tended
to be higher in patients with fatal outcome, but without
significant difference (clinically set PEEP: p=0.110; ARD-
Snet-PEEP: p=0.053). In the linear regression analysis,
the EIT-PEEP (with best Cg;r) and Cpyy at -2mbar pre-
sented the best correlation with a Cohen’s R? of 0.265
(B: 0.886, p=0.005), as when compared to clinically set
PEEP ($=-0.810, p=0.010) and ARDSnet-PEEP (f3:0.289,
p=0.060).

Discussion

The key findings of the present study are as follows: EIT
guided PEEP titrations are feasible in both, patients with
nARDS/PLD and pARDS, and even in patients with low
body weights (>3.5 kg). The EIT-PEEP was calculated
significantly lower than the clinically set PEEP and the
ARDSnet-PEEP in patients with pARDS. When subclas-
sifying patients with nARDS/PLD, clinically set PEEP and
EIT-PEEP did not differ significantly, whereas EIT-PEEP
and ARDSnet-PEEP differed markedly. In all patients,
and confirmed for both subgroups, the Cpyy increased
markedly when lowering the clinically set PEEP towards
the EIT-PEEP (highest Cpp, crossing-point of lowest OD
and lowest LC). The Cpyy at -2mbar correlated signifi-
cantly with the EIT-PEEP (=0.886, p=0.005). Neverthe-
less, when PEEP level decreases towards —4mbar, the
CoVy decreases simultaneously, which on the one hand
might indicate a de-recruitment of gravity-dependent
lung areas or on the other hand indicate a deflation of
overdistended ventral lung regions, resulting in a ventral

Table 4 All data are presented as median with IQR (25/75). Percentage change (4) refers to baseline compared with the according
PEEP level. Abbreviations: Cy,, = dynamic compliance recorded by the ventilator or calculated Cayn = poasoltie. TVi=inspiratory

tidal volume, TVe =expiratory tidal volume

Drivingpressue’

PEEP Titration Cayn (ml/mbar/kg) A% TVi (ml/kg) A% TVe (ml/kg) A%
BP+4mbar 29(16.5-35) 0 0497 (0.479-0.535) 0.5(0.463-0.543)

BP +2mbar 18 (8-24.25) 0 0496 (0.479-0.533) -0.2 0495 (0.454-0.533) -1
BP+0mbar 11 (3-14.25) 1(0-3.25) 0.499 (0.480-0.534) 04 0.489 (0.450-0.522) -2.2
BP -2 mbar 2 (0-5) 3(0-8.25) 0497 (0.479-0.529) 0 0481 (0.436-0.515) -3.8
BP -4 mbar 0 6(2-11.5) 0493 (0.471-0.529) -08 0467 (0418-0.504) -6.6
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Fig. 3 Compliance loss due to overdistension (OD, blue line) and lung collapse (LC, green line) during the decremental PEEP titration for the overall co-
hort (A), for subgroup A (pARDS) (B), and subgroup B (nARDS/PLD). The crossing-point between both lines with the lowest estimated lung overdistension
and lung collapse according to the EIT pixel compliance (Costa et al.) represents the optimal EIT based PEEP level. Abbreviations: nARDS: neonatal acute
respiratory distress syndrome, pARDS: pediatric acute respiratory distress syndrome, PLD: perinatal lung disease

shift of the CoVy. PEEP values for all subgroups (clini-
cally set PEEP, EIT-PEEP, ARDSnet-PEEP) were higher in
patients with fatal-outcome, with a significant difference
calculated for the EIT-PEEP (p =0.009).

Comparison of the data with pediatric EIT studies

In the last two decades, several studies included EIT
measurements for monitoring of invasive ventilated
neonatal and pediatric patients. The feasibility and prac-
ticability of long-term EIT measurements in a large mul-
ticenter cohort of spontaneously breathing and invasive
ventilated preterm and term neonates was recently pub-
lished [23]. The benefit of EIT in children with pARDS
was first evaluated more than 15 years ago [24, 25]. Wolf
et al. described the effect of de-recruitment maneu-
vers (suctioning) in children with ALI/ARDS and how
de-recruitment and regional ventilation loss, as well as
loss of regional compliance can be monitored with EIT.
In another study, Wolf et al. described the possibility of
monitoring the effects of recruitment using the EIT tech-
nique and detection of compliance gain using the Cgp
approach as described by Costa [17]. Both studies pro-
vided the basis for the introduction of a personalized EIT
guided monitoring strategy of invasive ventilated pedi-
atric patients. Several years later the first data were pub-
lished evaluating the personalized monitoring of regional
ventilation in a pediatric cohort with pARDS using the

EIT [26]. In this study, Rosemeier et al. concluded, that
PEEP titration using the OD/LC approach (Cg;p) resulted
in a significant improvement of regional ventilation dis-
tribution and indicators of gas exchange. The preliminary
findings of eight children with pARDS are in line with our
findings and we could reproduce these findings in a larger
set of patients, including both patients with nARDS/PLD
and pARDS. Nevertheless, the study and PEEP titration
protocol used in the above-mentioned study and our
study differed slightly. Therefore, the data sets just can
be compared with caution. Despite these promising find-
ings, data regarding the advantage of EIT monitoring
over ventilator-related monitoring are inconsistent. In a
recent study comparing the Cg; with Cpyy in a pediatric
cohort of 12 children with pARDS (5 patients with severe
ARDS and 7 with moderate ARDS), the authors revealed
no significant changes between both methods of global
compliance calculation, although the authors found a
strong trend towards a better global compliance with the
Cprr approach, which still supports the findings of our
study [27]. In the study provided by Inany et al. EIT was
used to determine changes in regional ventilation using
the CoV. The authors concluded that the CoV is a useful
index to distinguish whether patients are prone to the
evolution of gravity-depend atelectasis in the context of
different modes of mechanical ventilation [28]. Accord-
ing to our data, the CoV seems to be a useful global
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during the PEEP titration maneuver. Abbreviations: BL: baseline

parameter to determine regional changes in ventilation
distribution towards gravity-dependent lung regions.
When reducing the clinically set PEEP by -4mbar, the
CoVy significantly decreased from each PEEP step to
another. A decrease of CoVy from 0.5 towards 0.44 might
indicate de-recruitment of ventilated lung area in grav-
ity-dependent lung regions. But caution is required, as
a decrease of the CoVy might also indicate a deflation of
overdistended ventral lung regions in some patients, with
a redistribution of ventilation towards the non-gravity-
dependent regions.

Table 5 All data are presented as median with IQR (25/75). Percentage change (A) refers to baseline compared with the according

PEEP level. Abbreviations: COV=center of ventilation (x=horizontal change, 0-1=right-left; y=vertical change, 0-1=ventral-dorsal);
Gl=global Inhomogeneity Index; LC=EIT derived compliance-loss (%) due to lung collapse (LC); OD=EIT derived compliance-loss (%)
due to overdistension (OD)

PEEP Titration oD LC COVy A% covy A%
BP+4mbar 29(16.5-35) 0 0497 (0.479-0.535) 0.5 (0.463-0.543)

BP +2mbar 18 (8-24.25) 0.496 (0.479-0.533) -0.2 0.495 (0.454-0.533) -1
BP +Ombar 11(3-14.25) 1(0-3.25) 0.499 (0.480-0.534) +04 0489 (0.450-0.522) -2.2
BP -2 mbar 2(0-5) 3(0-8.25) 0497 (0.479-0.529) 0 0481 (0436-0.515) -3.8
BP -4 mbar 0 6(2-11.5) 0.493 (0471-0.529) -0.8 0.467 (0.418-0.504) -6.6
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Comparison of the data with adult EIT studies and RCT
trials

In recent RCTs in adult ARDS populations an indi-
vidualized and personalized EIT guided PEEP titration
was incorporated for the evaluation and comparison of
the best EIT-PEEP strategy [12, 14]. In 2019 Zhao et al.
revealed that an individual EIT guided ventilation strat-
egy can optimize lung protective mechanical ventilation
and might increase survival rates in adult ARDS patients
[12]. In their prospective study the authors compared 24
patients with severe ARDS and an EIT guided PEEP find-
ing strategy (Costa approach) with a matched historical
control group of patients with severe ARDS (n=31). The
key findings were as follows: compared to the control
group, the EIT guided strategy led to significantly higher
PEEPs, higher global compliance, and lower driving pres-
sures. Although non-significant, the survival rate in the
EIT group tended to be improved (66% vs. 49%). In 2021
He et al. investigated an early (first 24 h) individualized
PEEP finding strategy using EIT in an RCT with 117
ARDS patients (61 patients allocated to the EIT group
and 56 to the control group using the low PEEP/FiO,
ARDSnet-table). The study showed a non-significant

difference of 6% in the 28-days mortality (21% EIT group
27% control group) and a significant decrease of the Aday
1 and Aday 2 SOFA score in the EIT group, which was
interpreted as a sign of improvement in organ function.

In a third RCT Hsu et al. confirmed these trends and
findings and concluded that the EIT guided strategy
using the Costa approach led to lower driving pressures
in the EIT group and higher survival rates (69% vs. 44%)
as compared to patients with PEEP identification based
on the lower inflection+2cmH20 of the quasi-static
pressure-volume curve [29]. A major aim of EIT based
research is the prevention of VILI. According to Becher
et al. EIT is feasible to adjust PEEP to limit overdistension
and alveolar cycling [14]. The group carried out a com-
plex protocol in 20 ARDS patients to compare ARDSnet
recommendations with their individualized EIT guided
approach. By analyzing regional impedance changes in
horizontal regions of interest, higher PEEP levels were
detected, with better oxygenation and lower rates of
alveolar cycling. These findings might indicate that EIT
is capable to reduce OD and alveolar cycling, which were
identified as main determinants of VILI [30].
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The individualized EIT guided PEEP strategy has found
influence in several reviews and meta-analysis, aiming
to evaluate pros and cons of this promising approach
[31-33].

In their systematic review Yu et al. 2023 summarized
data sets of 8 RCTs using different EIT strategies and
protocols for PEEP identification and found significant
higher paO,/FiO, ratios in patients receiving EIT guided
strategies [32]. However, the meta-analysis failed to iden-
tify a benefit in respiratory system compliance when
using EIT. In one of the most recent meta-analysis Song-
sanvorn et al. identified that EIT guided PEEP strategies
led to higher lung compliance, lower mechanical power,
and lower driving pressures, as compared to conventional
strategies [33]. Most of the 13 included studies (62%)
used the OD/LC approach as described by Costa et al.
Both meta-analyses indicate that EIT has become a newly
accepted monitoring technique. Nevertheless, data in the
pediatric field are scarce and more prospective research
is warranted in pediatric nARDS and pARDS patients.

Future perspectives

The results and trends of the EIT studies conducted in the
field of adult ARDS provide a strong basis for potential
upcoming research in the pediatric populations. There
are different barriers to overcome when facing nARDS
and pARDS patients. The cause of nARDS and pARDS
differ to a certain degree and both populations are only
comparable to a certain level with adult ARDS patients.
Besides the origin of ARDS and pathophysiology, body
weights and lung volumes differ strongly in patients from
3 kg to 100 kg and lung capacities with lung compliance
will evolve over time from the neonatal period to adult
physiology. Ventilation strategies therefore differ in neo-
natal and pediatric patients when compared to adults,
emphasizing that EIT studies in pediatric cohorts need
to be well planned incorporating potential bias which
might limit study power. To tie in with the call for more
detailed and validating prospective studies our long-
term aspirations are as follows: (a) plan a prospective
RCT trial including longitudinal daily EIT guided PEEP
identifications, compared to conventional PEEP finding
strategies, (b) to compare EIT measurements with other
recently established techniques as lung ultrasound score
(LUS) to better correlate EIT data in nARDS and pARDS
patients [34, 35], (c) using proteomic analysis to analyze
and understand the involvement of down- and upregula-
tion of biomarkers for the potential prediction of VILI in
neonates and children.

Limitations

Nevertheless, our study has several limitations. First, our
EIT guided PEEP findings were carried out over short
time periods (PEEP levels of 5 min). Long-term effects
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of PEEP could not be evaluated, and effects might be
under- or overestimated. Therefore, improvements dur-
ing the PEEP trial may represent only short-term effects,
and the best ventilation strategy needs to be evaluated
in a future trial over a longer period. Furthermore, using
an approach with only five PEEP steps bears the risk of a
missed identification of the adequate crossing-point with
the Costa approach, when PEEP steps are not adequately
adjusted around the crossing-point. The measured EIT-
PEEP reflects only the PEEP to reduce the overdisten-
sion or lung collapse in the examined PEEP range. This
needs to be considered when interpreting PEEP titration
data. The more PEEP steps are included in the titration
analysis, the more detailed information might be gained
about the supposed optimal EIT-PEEP. Nevertheless, in
all patients included in our analysis a crossing-point with
a low and tolerable (<5% loss of the lung pixels) overdis-
tension or lung collapse could be detected. The timepoint
when EIT guided PEEP titration was performed differed
between patients (compare Table 1) and that might ham-
per the inter-individual comparison of EIT and ventila-
tion data. Additionally, our study included patients with
nARDS and pARDS with differing histories of disease
progress. Therefore, our pooled data needs to be inter-
preted with caution, as higher inclusion rates and sample
sizes of subgroups are highly warranted.

Conclusion

An individualized EIT guided PEEP determination is fea-
sible even in critical ill neonates and children with ARDS
and might optimize regional ventilation distributions and
lung mechanics. In both subgroups (nARDS/PLD and
pARDS) PEEP level using the EIT-PEEP was identified to
be lower than the clinically set PEEP as set by the attend-
ing physician. In both subgroups the lung compliance
increased when adjusting PEEP towards the crossing
point of the curve for the estimated OD and LC, but with
decreasing values of the CoVy, which might indicate a
slight loss of regional ventilation in the gravity-dependent
lung regions. We postulate that patients with nARDS and
PARDS would benefit from a longitudinal EIT guided
PEEP strategy, which might decrease incidence of VILI
and might optimize survival rates in this population.
However, for a final conclusion more research and RCTs
need to be performed in neonatal and pediatric patients.

Acknowledgements
None.

Author contributions

Leon Soltesz, Judith Leyens, Thomas Muders,, Lukas Schroeder- design of
the work; Leon Soltesz, Marieke Vogel, Thomas Muders, Florian Kipfmueller,
Till Dresbach, Andreas Mueller, Lukas Schroeder - data acquisition, analysis,
and interpretation of data; Leon Soltesz, Thomas Muders, Lukas Schroeder
- drafting the work; Judith Leyens, Marieke Vogel, Thomas Muders, Christian
Putensen, Florian Kipfmueller, Till Dresbach, Andreas Mueller -revising the



Soltész et al. Respiratory Research (2025) 26:60

manuscript critically for important intellectual content; All authors - final
approval of the version to be published.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethical approval

was given by the Institutional Review Board of the Medical Center of the
University of Bonn (local running number 048/21) and the study was
conducted according to the declaration of Helsinki. The study was registered
at the German Clinical Trials Register (GCT; trial number: DRKS 00034905,
Registration Date 15.08.2024). The registration was performed retrospectively
after inclusion of the last patient.

Patient consent
Patients were prospectively enrolled in the study after informed written
consent was obtained from the parents or legal representative.

Consent for publication

In our study no images with identification of study participants (patients) or
health care workers (attending physician or nursing stuff) can be identified.
Therefore, we there was no need to obtain written consent for publication
purposes prior to manuscript submission.

Competing interests
The authors declare no competing interests.

Author details

'Department of Neonatology and Pediatric Intensive Care, University
Children’s Hospital Bonn, Bonn, Germany

“Division of Neonatology, Department of Pediatric and Adolescent
Medicine, University Hospital RWTH Aachen, Aachen, Germany
*Division of Neonatology, Department of Pediatrics, BC Women's and
Children’s Hospital, University of British Columbia, Vancouver, Canada
“Department of Anesthesiology and Operative Intensive Care Medicine,
University Hospital Bonn, Bonn, Germany

Received: 18 September 2024 / Accepted: 1 February 2025
Published online: 19 February 2025

References

1. KhemaniRG, Smith L, Lopez-Fernandez YM, et al. Paediatric acute respiratory
distress syndrome incidence and epidemiology (PARDIE): an international,
observational study. Lancet Respir Med. 2019;7:115-28. https://doi.org/10.10
16/52213-2600(18)30344-8. PubMed PMID: 30361119.

2. Schouten LRA, Veltkamp F, Bos AP, et al. Incidence and mortality of Acute
respiratory distress syndrome in children: a systematic review and Meta-
analysis. Crit Care Med. 2016;44:819-29. PubMed PMID: 26509320.

3. Beltramo F, Khemani RG. Definition and global epidemiology of pediatric
acute respiratory distress syndrome. Ann Transl Med. 2019;7:502. https://doi.o
rg/10.21037/atm.2019.09.31. PubMed PMID: 31728355.

4. de Luca D, Tingay DG, van Kaam AH, et al. Epidemiology of neonatal Acute
Respiratory Distress Syndrome: prospective, Multicenter, International Cohort
Study. Pediatr Crit Care Med. 2022;23:524-34. PubMed PMID: 35543390.

5. Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med
2000; 342:1334-49. https://doi.org/10.1056/NEJM200005043421806. PubMed
PMID: 10793167.

6. ChenL, LiJ, ShiY. Clinical characteristics and outcomes in neonates with peri-
natal acute respiratory distress syndrome in China: a national, multicentre,
cross-sectional study. EClinicalMedicine. 2023;55:101739. https://doi.org/10.1
016/j.eclinm.2022.101739. PubMed PMID: 36386029.

7. Slutsky AS, Ranieri VM. Ventilator-induced lung injury. N Engl J Med.
2013;369:2126-36. doi: 10.1056/NEJMra1208707. PubMed PMID: 24283226.

20.

21.

22.

23.

24.

25.

26.

Page 11 of 12

Emeriaud G, Lopez-Fernandez YM, lyer NP, et al. Executive summary of the
Second International guidelines for the diagnosis and management of Pedi-
atric Acute respiratory distress syndrome (PALICC-2). Pediatr Crit Care Med.
2023,;24:143-68. /PCC.0000000000003147. PubMed PMID: 36661420.
Pediatric acute respiratory distress syndrome: consensus recommendations
from the Pediatric Acute Lung Injury Consensus Conference. Pediatr Crit Care
Med. 2015; 16:428-39. doi: 10.1097/PCC.0000000000000350. PubMed PMID:
25647235,

Kasenda B, Sauerbrei W, Royston P, et al. Multivariable fractional polynomial
interaction to investigate continuous effect modifiers in a meta-analysis on
higher versus lower PEEP for patients with ARDS. BMJ Open. 2016;6:011148.
https://doi.org/10.1136/bmjopen-2016-011148. PubMed PMID: 27609843.
Davies P, Yasin S, Gates S, et al. Clinical scenarios of the application of Electri-
cal Impedance Tomography in Paediatric Intensive Care. Sci Rep. 2019;9:5362.
https://doi.org/10.1038/541598-019-41774-1. PubMed PMID: 30926828.
Zhao Z, Chang M-Y, Chang M-Y, et al. Positive end-expiratory pressure titra-
tion with electrical impedance tomography and pressure-volume curve in
severe acute respiratory distress syndrome. Ann Intensive Care. 2019,9:7. http
s://doi.org/10.1186/513613-019-0484-0. PubMed PMID: 30656479.

He H, ChiY,Yang Y et al. Early individualized positive end-expiratory pressure
guided by electrical impedance tomography in acute respiratory distress
syndrome: a randomized controlled clinical trial. Crit Care 2021; 25:230. https:/
/doi.org/10.1186/513054-021-03645-y. PubMed PMID: 34193224,

Becher T, Buchholz V, Hassel D, et al. Individualization of PEEP and tidal
volume in ARDS patients with electrical impedance tomography: a pilot
feasibility study. Ann Intensive Care. 2021;11:89. https://doi.org/10.1186/5136
13-021-00877-7. PubMed PMID: 34080074.

de Luca D, van Kaam AH, Tingay DG et al. The Montreux definition of neona-
tal ARDS: biological and clinical background behind the description of a new
entity. Lancet Respir Med 2017; 5:657-66. https://doi.org/10.1016/52213-2600(
17)30214-X. PubMed PMID: 28687343.

von EIm E, Altman DG, Egger M et al. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Lancet 2007; 370:1453-7. https://doi.org/10.1
016/50140-6736(07)61602-X. PubMed PMID: 18064739.

Costa ELV, Borges JB, Melo A et al. Bedside estimation of recruitable alveolar
collapse and hyperdistension by electrical impedance tomography. Intensive
Care Med 2009; 35:1132-7. https://doi.org/10.1007/500134-009-1447-y.
PubMed PMID: 19255741.

Putensen C, Hentze B, Muenster S et al. Electrical Impedance Tomography for
Cardio-Pulmonary Monitoring. J Clin Med 2019; 8. https://doi.org/10.3390/jcm
8081176. PubMed PMID: 31394721.

Frerichs |, Hahn G, Golisch W et al. Monitoring perioperative changes in
distribution of pulmonary ventilation by functional electrical impedance
tomography. Acta Anaesthesiol Scand 1998; 42:721-6. https://doi.org/10.1111
/j.1399-6576.1998.tb05308.x. PubMed PMID: 9689281.

Zhao Z, Méller K, Steinmann D et al. Evaluation of an electrical impedance
tomography-based Global Inhomogeneity Index for pulmonary ventilation
distribution. Intensive Care Med 2009; 35:1900-6. https://doi.org/10.1007/5001
34-009-1589-y. PubMed PMID: 19652949.

Brower RG, Matthay MA, Morris A, et al. Ventilation with lower tidal volumes
as compared with traditional tidal volumes for acute lung injury and the
acute respiratory distress syndrome. N Engl J Med. 2000;342:1301-8. https://d
0i.0rg/10.1056/NEJM200005043421801. PubMed PMID: 10793162.

Brower RG, Lanken PN, MacIntyre N, et al. Higher versus lower positive end-
expiratory pressures in patients with the acute respiratory distress syndrome.
N Engl J Med. 2004;351:327-36. https://doi.org/10.1056/NEJMoa032193.
PubMed PMID: 15269312.

Becher TH, Miedema M, Kallio M et al. Prolonged Continuous Monitoring of
Regional Lung Function in Infants with Respiratory Failure. Ann Am Thorac Soc
2022; 19:991-9. https://doi.org/10.1513/AnnalsATS.202005-5620C. PubMed
PMID: 34898392.

Wolf GK, Gémez-Laberge C, Kheir JN et al. Reversal of dependent lung col-
lapse predicts response to lung recruitment in children with early acute lung
injury. Pediatr Crit Care Med 2012; 13:509-15. https://doi.org/10.1097/PCC.0b0
13e318245579c¢. PubMed PMID: 22622650.

Wolf GK, Grychtol B, Frerichs |, et al. Regional lung volume changes in
children with acute respiratory distress syndrome during a derecruitment
maneuver. Crit Care Med. 2007;35:1972-8. PubMed PMID: 17581481.
Rosemeier |, Reiter K, Obermeier V, et al. Mechanical ventilation guided by
Electrical Impedance Tomography in Children with Acute Lung Injury. Crit
Care Explor. 2019;1:20020. PubMed PMID: 32166264.


https://doi.org/10.1016/S2213-2600(18)30344-8
https://doi.org/10.1016/S2213-2600(18)30344-8
https://doi.org/10.21037/atm.2019.09.31
https://doi.org/10.21037/atm.2019.09.31
https://doi.org/10.1056/NEJM200005043421806
https://doi.org/10.1016/j.eclinm.2022.101739
https://doi.org/10.1016/j.eclinm.2022.101739
https://doi.org/10.1136/bmjopen-2016-011148
https://doi.org/10.1136/bmjopen-2016-011148
https://doi.org/10.1038/s41598-019-41774-1
https://doi.org/10.1038/s41598-019-41774-1
https://doi.org/10.1186/s13613-019-0484-0
https://doi.org/10.1186/s13613-019-0484-0
https://doi.org/10.1186/s13054-021-03645-y
https://doi.org/10.1186/s13054-021-03645-y
https://doi.org/10.1186/s13613-021-00877-7
https://doi.org/10.1186/s13613-021-00877-7
https://doi.org/10.1016/S2213-2600(17)30214-X
https://doi.org/10.1016/S2213-2600(17)30214-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1007/s00134-009-1447-y
https://doi.org/10.3390/jcm8081176
https://doi.org/10.3390/jcm8081176
https://doi.org/10.1111/j.1399-6576.1998.tb05308.x
https://doi.org/10.1111/j.1399-6576.1998.tb05308.x
https://doi.org/10.1007/s00134-009-1589-y
https://doi.org/10.1007/s00134-009-1589-y
https://doi.org/10.1056/NEJM200005043421801
https://doi.org/10.1056/NEJM200005043421801
https://doi.org/10.1056/NEJMoa032193
https://doi.org/10.1513/AnnalsATS.202005-562OC
https://doi.org/10.1097/PCC.0b013e318245579c
https://doi.org/10.1097/PCC.0b013e318245579c

Soltész et al. Respiratory Research

27.

28.

29.

30.

31.

32.

(2025) 26:60

Ren H, Xie L, Wang Z, et al. Comparison of Global and Regional Compliance-
guided positive end-expiratory pressure titration on Regional Lung Ventila-
tion in Moderate-to-severe Pediatric Acute Respiratory Distress Syndrome.
Hochschule Furtwangen: Furtwangen; 2022. Online-Ressource.

Inany HS, Rettig JS, Smallwood CD, et al. Distribution of Ventilation measured
by Electrical Impedance Tomography in critically Il Children. Respir Care.
2020;65:590-5. https://doi.org/10.4187/respcare.07076. PubMed PMID:
31992677.

Hsu H-J, Chang H-T, Zhao Z, et al. Positive end-expiratory pressure titration
with electrical impedance tomography and pressure-volume curve: a ran-
domized trial in moderate to severe ARDS. Physiol Meas. 2021;42:14002. https
://doi.org/10.1088/1361-6579/abd679. PubMed PMID: 33361553.

Curley GF, Laffey JG, Zhang H, et al. Biotrauma and Ventilator-Induced Lung
Injury: clinical implications. Chest. 2016;150:1109-17. https://doi.org/10.1016/
j.chest.2016.07.019. PubMed PMID: 27477213.

Frerichs I, Schadler D, Becher T. Setting positive end-expiratory pressure by
using electrical impedance tomography. Curr Opin Crit Care. 2024;30:43-52.
PubMed PMID: 38085866.

Yu M, Deng Y, Cha J, et al. PEEP titration by EIT strategies for patients with
ARDS: a systematic review and meta-analysis. Med Intensiva (Engl Ed).

33.

34.

35.

Page 12 of 12

2023;47:383-90. https://doi.org/10.1016/j.medine.2022.06.020. PubMed
PMID: 36243630.

Songsangvorn N, Xu'Y, Lu C, et al. Electrical impedance tomography-guided
positive end-expiratory pressure titration in ARDS: a systematic review and
meta-analysis. Intensive Care Med. 2024;50:617-31. https://doi.org/10.1007/s
00134-024-07362-2.

Raimondi F, Migliaro F, Corsini | et al. Lung Ultrasound Score Progress in
Neonatal Respiratory Distress Syndrome. Pediatrics 2021; 147. https://doi.org/
10.1542/peds.2020-030528. PubMed PMID: 33688032.

Zhang Y, Wang C,Wang F, et al. Lung Ultrasound in Pediatric Acute Respira-
tory Distress Syndrome received extracorporeal membrane oxygenation: a
prospective cohort study. Front Pediatr. 2022;10:798855. https://doi.org/10.33
89/fped.2022.798855. PubMed PMID: 35419318.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.4187/respcare.07076
https://doi.org/10.1088/1361-6579/abd679
https://doi.org/10.1088/1361-6579/abd679
https://doi.org/10.1016/j.chest.2016.07.019
https://doi.org/10.1016/j.chest.2016.07.019
https://doi.org/10.1016/j.medine.2022.06.020
https://doi.org/10.1007/s00134-024-07362-2
https://doi.org/10.1007/s00134-024-07362-2
https://doi.org/10.1542/peds.2020-030528
https://doi.org/10.1542/peds.2020-030528
https://doi.org/10.3389/fped.2022.798855
https://doi.org/10.3389/fped.2022.798855

	﻿EIT guided evaluation of regional ventilation distributions in neonatal and pediatric ARDS: a prospective feasibility study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study cohort and ethical approval
	﻿Monitoring and ventilation data
	﻿EIT measurement and EIT indices
	﻿Standardized decremental PEEP titration
	﻿Group stratification, statistics and outcome measures

	﻿Results
	﻿Ventilation and respirator data
	﻿Feasibility and safety of EIT data recording
	﻿PEEP titration, EIT measurements

	﻿Discussion
	﻿Comparison of the data with pediatric EIT studies
	﻿Comparison of the data with adult EIT studies and RCT trials
	﻿Future perspectives
	﻿Limitations

	﻿Conclusion
	﻿References


