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Abstract

Positive end-expiratory pressure (PEEP) can be titrated by electrical impedance tomography (EIT). The aim of the present
study was to examine the performance of different EIT measures during PEEP trials with the aim of identifying “optimum”
PEEP and to provide possible interpretations of largely diverging results. After recruitment (maximum plateau pressure 35
cmH,0), decremental PEEP trial with steps of 2 cmH,O and duration of 2 min per step was performed. Ventilation gain
and loss, the global inhomogeneity (GI) index, trend of end-expiratory lung impedance (EELI) and regional compliance
(Cep) for estimation of overdistension and collapse were calculated. Largely diverging results of PEEP selection among the
measures were defined as differences >4 PEEP steps (i.e. > 8 cmH,0). In 30 ARDS patients we examined so far, 3 patients
showed significant differences in PEEP selections. Overdistension and collapse estimation based on C,, tended to select
lower PEEP while the GI index and EELI trend suggested higher PEEP settings. Regional inspiration times were heteroge-
neous indicating that the assumption of a uniform driving pressure in the calculation of C,, may not be valid. Judging by
the predominant ventilation distribution in the most dependent regions, these patients were non-recruitable with the applied
recruitment method or pressure levels. The existence of differences in the recommended PEEP among the analyzed EIT
measures might be an indicator of non-recruitable lungs and heterogeneous airway resistances. In these extreme cases, the
largely diverging results may prompt the attending clinician to develop individual ventilation strategies.

Clinical Trial Registration Registration number NCT03112512, https://clinicaltrials.gov/ Registered 13 April 2017.

Keywords Positive end-expiratory pressure titration - Electrical impedance tomography - Acute respiratory distress
syndrome - Mechanical ventilation - Recruitment maneuver

Zhanqi Zhao and Li-Chung Lee have contributed equally to this
work.

P4 Hou-Tai Chang ! Department of Biomedical Engineering, Fourth Military

>4

houtai38 @gmail.com

Yeong-Long Hsu
hsu0712@yahoo.com.tw

Zhangi Zhao
zhanqgi.zhao @hs-furtwangen.de

Li-Chung Lee
cbca00@gmail.com

Mei-Yun Chang
changmy30@yahoo.com.tw

Inez Frerichs
frerichs @anaesthesie.uni-kiel.de

Chien-Hung Gow
gowchien@gmail.com

Knut Moller
moe @hs-furtwangen.de

Medical University, Xi’an, China

Institute of Technical Medicine, Furtwangen University,
Villingen-Schwenningen, Germany

Department of Internal Medicine, Far Eastern Memorial
Hospital, No. 21, Sec. 2, Nanya S. Rd., Banciao Dist.,
New Taipei City, Taiwan

Department of Anaesthesiology and Intensive Care
Medicine, University Medical Centre of Schleswig-Holstein
Campus Kiel, Kiel, Germany

Department of Healthcare Management, College of Medical
Technology and Nursing, Yuanpei University of Medical
Technology, No. 306 Yuanpei Street, Hsinchu, Taiwan

@ Springer


http://orcid.org/0000-0002-1279-2207
https://clinicaltrials.gov/
http://crossmark.crossref.org/dialog/?doi=10.1007/s10877-019-00396-8&domain=pdf

Journal of Clinical Monitoring and Computing (2020) 34:1005-1013

1006

Abbreviations

APACHE Acute physiology and chronic health
evaluation

ARDS Acute respiratory distress syndrome

Creg Regional respiratory system compliance

EELI End-expiratory lung impedance

EIT Electrical impedance tomography

FiO2 Fractional inspired oxygen

ICU Intensive care unit

Pa0O2 Arterial oxygen partial pressure
PEEP Positive end-expiratory pressure
ROI Region of interest

TV Tidal variation

1 Background

Titration of positive end-expiratory pressure (PEEP) is
important for patients under mechanical ventilation to pre-
vent the alveoli from collapse [1]. Optimal PEEP level is
still controversial since the introduction of PEEP may influ-
ence the lung volume, ventilation distribution, as well as
cardiac output. An optimal PEEP level should be selected
in such a way that it balances alveolar recruitment against
overdistention and at the same time it does not impair the
hemodynamics. Computed tomography as the gold standard
for lung volume imaging cannot be used in this indication
due to radiation exposure in a non-dynamic diagnostic fash-
ion. Many bedside approaches to titrate PEEP have been
proposed, including measures of lung mechanics [2] or oxy-
genation [3]. All of these measures allow only global assess-
ment and do not take regional pulmonary heterogeneity into
account. As atelectasis and overdistension may simultane-
ously occur at the same PEEP levels, regional information
is warranted.

Electrical impedance tomography (EIT) is a non-invasive
imaging technique that allows individual, real-time, bedside
imaging of the lungs [4]. Recent studies highlighted the
potential use of EIT in PEEP titration [5—10]. Many EIT-
based measures have been proposed to guide PEEP titration
[11]. Ventilation gain and loss [5, 6], the global inhomo-
geneity (GI) index [12, 13], trend of end-expiratory lung
impedance (EELI) [14, 15] and overdistension and collapse
estimation with regional compliance (Creg) [16, 17] are the
most widely used measures. In a recent prospective study, we
found that PEEP titration based on EIT measures improved
oxygenation, compliance, driving pressure, and weaning
success rate [18]. Although these measures evaluate differ-
ent aspects of ventilation distribution, in most of the cases,
the selection of optimal PEEP based on these measures does
not differ very much [19]. Nevertheless, we observed that in
some patients, the “optimum” values of PEEP selected from
different EIT measures differ.

@ Springer

The aim of the present study was to examine when and
why the EIT-derived measures differed from each other. We
evaluated offline four different commonly used EIT-derived
measures and compared the PEEP selected correspondingly.

2 Methods

The study was approved by the FEMH Ethics Committee
in Taiwan (FEMH-105117-E). The present study involves
data from our ongoing registry for EIT-guided PEEP titra-
tion (clinical trial registration number NCT03112512, https
://clinicaltrials.gov/, registered on the 13th of April 2017).
Written informed consent was obtained from all patients or
their legal representatives prior to the study.

Moderate to severe acute respiratory distress syndrome
(ARDS) patients (diagnosed according to the Berlin defi-
nition [20]) were randomized to the EIT group and exam-
ined (arterial oxygen partial pressure to fractional inspired
oxygen ratio, PaO,/Fi0, <200 mmHg). Exclusion crite-
ria were the presence of spontaneous breathing, unstable
hemodynamics, confirmed or suspected intracranial hyper-
tension, refractory shock, pneumothorax and total ICU stay
less than 3 days. Additional exclusion criteria related to the
EIT application were age < 18 years, pregnancy and lacta-
tion period, and any contraindication to the use of EIT (i.e.,
pacemaker, automatic implantable cardioverter defibrillator,
and implantable pumps).

An EIT electrode belt with 16 electrodes and a width of
40 mm was placed around the thorax in the fifth intercostal
space, and one reference electrode was placed at the patients’
abdomen (PulmoVista 500, Driager Medical, Liibeck, Ger-
many). EIT images were continuously recorded at 20 Hz and
stored. Respiratory data from the ventilator were transferred
to the EIT device via MEDIBUS connection. The EIT data
were reconstructed with the baseline referring to the lowest
impedance value measured before PEEP titration started.
The data were filtered using a Butterworth 4th degree low-
pass filter with a cut-off frequency of 50/min to eliminate
impedance changes synchronous with the heart beat.

An incremental PEEP trial was performed starting at a
pressure of 5-8 cmH,0 with steps of 2 cmH,0 till the pla-
teau pressure reached 35 cmH,O for 2 min or unstable blood
pressure was observed [21]. Haemodynamic was monitored
with IntelliVue MX800 (Philips Medizin Systeme Boblin-
gen GmbH, Boblingen, Germany). In case of blood pres-
sure decrease, a bolus of 500-1000 ml normal saline would
be administrated. Dopamine or norepinephrine would be
administrated or the recruitment maneuver terminated if the
blood pressure was further decreasing. Then a decremental
PEEP trial with steps of 2 cmH,0 and duration of 2 min
per step followed. EIT data analyses were performed offline
with MATLAB7.2 (The MathWorks Inc., Natick, USA).
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Ventilation distribution was quantified by subtracting the
end-expiration from the end-inspiration image, which rep-
resents the variation during tidal breathing [22]. Resulting
tidal images of ten consecutive breaths at the end of each
PEEP step were averaged to increase the signal-to-noise
ratio. The averaged image is denoted as tidal variation (TV)
at the respective PEEP level. In order to indentify the lung
regions, TV from all the PEEP steps were combined. Pixels
from the combined image with values higher than 20% of
the maximum pixel value were defined as lung regions [23].
Therefore, for every PEEP step, the same lung regions were
used. Four EIT measures listed below were calculated to
assess the PEEP effects on ventilation.

2.1 DifferencesinTV

TV was normalized with tidal volume given by the ventila-
tor in milliliters. The normalized TV at each PEEP step was
subtracted from the normalized TV of the next PEEP step
(ATV). Consequently, the calculated ATV images depicted
consecutive regional changes in tidal volume at each PEEP
reduction. Regional positive values described the volume
gain and negative values its loss within the pulmonary
cross-section.

The GI index: this index indicated the degree of homoge-
neity of ventilation distribution and was calculated accord-
ing to the following formula [24]:

>

DI,,, — Median(DI,,,,) |
x,yElung

= 1
Gl s DI, ey

x,yElung

where DI denotes the value of the differential impedance in
the TV images; DI, is the pixel in the identified lung area;
DI, are all pixels in the lung area under observation. An
optimal PEEP should have the lowest GI.

Trend in the EELI levels: end-expiratory impedance val-
ues were calculated for every breath. The starting EELI level
at each PEEP level was defined as the second breath of each
PEEP. If the EELI values of the rest of the breaths at the
same PEEP were significantly lower compared to the starting
one (confirmed by one-tailed Student’s ¢ test), then we con-
sidered this to indicate a loss of end-expiratory lung volume
[25]. The PEEP prior to this one was considered “optimal”.

Overdistension and collapse estimation: with the assump-
tion of a uniform driving pressure within the lungs, C,., was
estimated by pixel-wise dividing impedance changes in the
lung regions with driving pressure given by the ventilator.
Then, cumulated overdistension and collapse percentages
were estimated based on the decrease of C,., curve during
decremental PEEP titration, either towards higher or lower
PEEP levels [16]. The overdistension defined by the regional

compliance method assumed that the C,,, change would first
increase along decremental PEEP. After reaching to its max-
imum, the C,, would decrease. The regions were defined as
overdistended at PEEP levels before reaching the maximum
compliance. Similar idea applies for collapse estimation.
The best compromise was defined with the lowest sum of
collapse and overdistension percentages.

Based on the last three described parameters “optimum”
PEEP levels were determined. Extremely large differences
among the measures were defined as representing equal or
more than 4 PEEP steps (i.e., > 8 cmH,0).

Further, we calculated the inspiration time of each pixel
in the lung regions to evaluate the possible heterogeneity of
airway resistance [22]. The EIT images were divided into
four anteroposterior segments of equal height and denoted
as ROI1, ROI2, ROI3 and ROI4, from anterior to posterior,
respectively. Percentages of ventilation and volume distribu-
tions were calculated in each ROI.

2.2 Statistical analysis

The normality of data was confirmed with Lilliefors test and
the data are presented as means and standard deviations.
The differences in PEEP selection among various EIT-based
methods were compared with one-way analysis of variance
using MATLAB. A p value <0.05 was considered statisti-
cally significant. Since the patients were not prospectively
recruited for the present study, no sample size analysis was
performed. Power analysis was not performed due to the
nature of the study design.

3 Results

In total 30 moderate to severe ARDS patients were
assigned to the EIT group till October 2018 (age
55.8+15.7 years; 8:22 female:male; height 164.6 +7.5 cm;
weight 63.5+10.1 kg; APACHE 1I 26.1 +7.3; PaO,/FiO,
108.8 +34.1 mmHg; mean+ SD). Among these patients, 3
patients showed significant differences in PEEP selection
with EIT measures (for demographics of these 3 patients and
baseline parameters please refer to Table 1). Figure 1 shows
the box plot comparing PEEP selections with different EIT
methods (3 patients who exhibited difference > 8 cmH,0
were excluded). The differences among various methods
were not significant (p > 0.05).

Figure 2 shows the comparison with largely diverging
results among the EIT measures in one example patient.
Ventilation gain occurred mainly in the gravity-dependent
regions at higher PEEP levels compared to lower levels
(Fig. 2, top, blue regions), while ventilation loss occurred
in the non-dependent regions (Fig. 2, top, orange regions).
Even at PEEP as high as 26 cmH,0O, tidal ventilation

@ Springer



1008

Journal of Clinical Monitoring and Computing (2020) 34:1005-1013

Table 1 Patients demographics and baseline parameters

Patient number 1 2 3
Age (year) 59 56 61
Gender Male Male Male
Height (cm) 164 169 160
Weight (kg) 89 53 56
APACHE I score 37 44 25
PaO,/FiO, (mmHg) 122 144 61

APACHE I the acute physiology and chronic health evaluation,
PaO,/FiO, ratio of arterial oxygen partial pressure to fractional
inspired oxygen
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Fig.1 Box plots comparing PEEP selection with various methods
in 27 studied ARDS patients (three patients who had differences > 8
c¢cmH,0O were not included in this diagram). Left: the end-expiratory
lung impedance (EELI) trend; middle: the global inhomogeneity (GI)
index; right: overdistension and collapse estimation based on regional
respiratory system compliance. The boxes mark the quartiles; the
whiskers extend from the box out to the most extreme data values
within 1.59 of the interquartile range of the sample; the red + repre-
sent possible outliers

increased in the dependent regions compared to PEEP of 24
cmH,0 (please note that demonstration of the differences in
tidal variation were higher minus lower PEEP levels). EELI
trend indicated that end-expiratory lung volume (EELV)
already started to decrease at PEEP of 22 cmH,O (Fig. 2,
green dashed lines). The GI index reached the lowest value
at the highest PEEP level (red circle) and the best compro-
mise between overdistension and collapse based on C,, was
found at 16 cmH,0 (Fig. 2 bottom). Although ventilation
loss occurred at low PEEP levels (e.g. 10, 8, 6 cm H,0),
estimated overdistension was 0% at those PEEP levels.

In Fig. 3, comparisons are shown for ATV between
PEEP 10 and 8 and between 12 and 10 cmH,O (Fig. 3
left). Further, AC,,, between those PEEP levels (Fig. 3
middle), and inspiration time maps at PEEP 8 and 12
cmH,O (Fig. 3 right) are presented. Tidal volume loss
and gain had a clear gravity-dependent pattern. However,
only AC,., between PEEP 12 and 10 showed a similar

reg
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pattern. C,, was higher at PEEP 10 (red regions, top mid-
dle image), even for regions with ventilation loss (orange
regions, top left image). Inspiration time maps indicated
that the inspiration time was very different among pixels
at PEEP of 8 cmH,O (top right), while at PEEP of 12
cmH,O0, the regional inspiration time was more homogene-
ous (bottom right). Coefficient of variation was 29.8% for
regional inspiration time at PEEP of 8§ cmH,0 and 11.5%
at PEEP of 12 cmH,0.

C,e, changes along with decremental PEEP in the most
non-dependent lung regions are plotted in Fig. 4. Global as
well as local maxima were observed in some lung regions
(thick lines). (Similar curves were found in other lung
regions, which are not plotted in this figure for clarity.)

TV in ROI4 changed from 5.5 to 4.0% during PEEP titra-
tion (from the highest PEEP 26 cmH,0 to the lowest PEEP
6 cmH,0, respectively). Ventilation distributions in ROI4
were low throughout the whole PEEP titration process.

Like in patient 1, also in the other 2 patients exhibit-
ing large difference among determined “optimum” PEEP,
ventilation gain occurred mainly in the gravity-dependent
regions, while ventilation loss occurred in the non-depend-
ent regions. EELI trend indicated that EELV already started
to decrease at PEEP of 20 cmH,0. The GI index reached the
lowest value at PEEP of 20 cmH,O (patient 2) or 22 cmH,0
(patient 3). The best compromise between overdistension
and collapse based on C,., was found at 10 cmH,0. TV in
ROI4 changed from 9.5 to 5.4% in patient 2 and from 5.7
to 3.4% in patient 3 (highest to lowest PEEP, respectively).
The results regarding overdistension and collapse based on
C,, were strongly dependent on the starting and ending
values of PEEP steps (Fig. 5). If the PEEP titration ended
at PEEP of 14 cmH,0, the “optimal” PEEP would be 16
cmH,O (Fig. 5 middle). If the titration started at PEEP of
14 cmH, 0, the “optimal” PEEP would be 12 cmH,0 (Fig. 5
bottom). The lung fraction percentages of overdistension and
collapse were also different at the same PEEP, depending on
the starting and ending values of the PEEP titration process.

4 Discussion

In the present study, we examined several EIT-based PEEP
titration measures in 30 moderate to severe ARDS patients.
In most of the cases (90%) the PEEP values rendered by
the different EIT measures were not significantly different.
In 3 extreme cases, the differences in optimal PEEP selec-
tion among these measures were larger than 4 PEEP steps
(8 cmH,0). We have further investigated other EIT-derived
measures to figure out two questions: why this happened and
how should we interpret the results, namely, how to exploit
this information for an adequate PEEP setting.
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Fig.2 Comparison of the EIT measures in patient 1. Top: differences
in tidal variation (ATV) images. TV at higher PEEP steps were sub-
tracted from the next lower PEEP steps (i.e., PEEP 26-24, 24-22,
22-20 cmH,0, etc.). Blue regions correspond to volume gain and
orange regions to volume loss. Same scale is used for all these dif-
ferential images. Middle: the global inhomogeneity (GI) index (red
circles) represent the degree of ventilation distribution inhomogene-

4.1 Why this happened?

EIT data contain spatial and temporal information that help
the user understand the lung status from different angles
(e.g. [26, 27]). Four EIT measures compared in the present
study captured different aspects, which were not completely
independent. ATV visualizes the ventilation gain and loss,
while the GI index quantifies the ventilation distribution.
Trend in EELI directly reflects the changes in EELV, which
is correlated to recruitment/derecruitment. Derecruited
regions correspond to ventilation loss. Overdistension and
collapse estimation based on C,., capture similar informa-
tion as ATV, but it includes the information on driving pres-
sure as well. Therefore, in most cases, these measures pro-
posed similar “optimal” PEEP settings. Since various EIT
measures reflect various physiological phenomena, when
the “optimal PEEP” levels selected by these EIT measures
were the same, this selected PEEP could be the ideal one in
respect to these physiological phenomena.

In the extreme cases we observed, overdistension and col-
lapse estimation based on C,,, tended to select lower PEEP

reg

while the GI index and the EELI trend suggested higher

ity and horizontal dashed lines mark the EELI values at the begin-
ning of individual PEEP levels. Bottom: overdistension (stars) and
collapse (triangles) estimation based on regional respiratory system
compliance. Global impedance curves were rescaled and in arbitrary
unit. Please note that demonstration of ATV were higher minus lower
PEEP levels

PEEP settings to be optimal (e.g. Fig. 2). The EELI trend
might be misleading during a decremental PEEP with fast
steps of only a few minutes duration. There would not be
enough time to reach a constant EELV level. If overdisten-
sion and collapse estimation based on C, is applied, it is
assumed that the driving pressure is the same over the lung
regions and that the C,., curves have single global maxi-
mum. Ideally at the end of inspiration and expiration under
pressure control ventilation mode, flow within the lung
should be zero and thus the driving pressure the same in
all lung regions. In Fig. 3 however, it can be observed that
C,ee Was higher at PEEP 10 compared to PEEP 8, even for
regions with ventilation loss, which cannot be explained if
the C,, calculation was correct. It was confirmed that the
regional inspiration time was very heterogeneous in this
patient, which indicated that airway resistances and driv-
ing pressure were probably heterogeneous as well. Intrinsic
PEEP might be a reason for heterogeneous driving pressure
within the lung, which was not assessed in the present study.
Cee Of a pixel may be a mixture of compliances from much
smaller regions, which might explain why local maxima
could be observed in some pixels (Fig. 4). This is also the

@ Springer
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A TV PEEP 10-8 cmH,0

A TV PEEP 12-10 cmH, 0

e -

-

Fig.3 Comparisons among tidal volume distribution differences
(ATV) (left), regional compliance differences (ACreg) (middle), and
inspiration time maps (right) of patient 1. Left: differences between
PEEP 10 and 8 cmH,O (top), as well as between PEEP 12 and 10
cmH,0O (bottom) are shown. Impedance changes were normalized
to global tidal volume in milliliters. Regions with tidal volume loss
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o
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PEEP [cmH, 0] (high -> low)

Fig.4 Regional compliance (C,.,) changes in the most non-dependent
lung regions of patient 1 at different positive end-expiratory pressure
(PEEP) steps. Each curve corresponds to one pixel in the region. Thin
curves are pixels with only one global maximum. Thick curves are
pixels with local maxima
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and gain were denoted with orange and light blue colors, respectively.
Middle: differences between PEEP 10 and 8 cmH,0 (top), as well as
between PEEP 12 and 10 cmH,O (bottom). Regions with compliance
increase and decrease were denoted with red and blue colors, respec-
tively. Right: inspiration time in seconds at PEEP of 8 cmH,0 (top)
and 12 cmH,0 (bottom)

reason why the results of overdistension and collapse esti-
mation were so sensitive to the starting and ending values
of PEEP during the decremental PEEP trial in certain cases
(e.g. Fig. 5). It is less likely that a decremental PEEP trial
would stop at high PEEP of 14 cmH,O but our example
demonstrated the possible bias in the application of this
measure. We suspected that when no global maximum of
Creg is reached during a PEEP-trial, then the calculations of
optimal settings are hampered.

Ventilation distribution in ROI4 did not change much (in
average from 6.9 to 4.3%), which indicated that only a small
portion of lung regions in the most dependent regions col-
lapsed during PEEP titration. On the other hand, the low
percentage of ventilation distribution also suggested that
even at the highest PEEP level, lung regions in ROI4 were
not recruited. These patients might be classified as non-
recruitable with the described recruitment method and/or
the used pressure levels. It would be interesting to see how
much EELI changed in ROI4 during PEEP changes, which
could be another indicator of recruitment. However, due to
the abovementioned reasons EELI changed during a short
PEEP step might not be reliable. Due to the volume gain
at high PEEP levels and not significant volume loss at the
same time (e.g. Fig. 2), the GI index was low at high PEEP
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levels. The main issue related to the GI index is the lung
region identification. In non-recruitable patients, the lung
region estimations were incorrect, which led to inaccurate
GI values. The “optimal” PEEP levels proposed by the GI
index or EELI trends were higher than commonly used lev-
els, which would normally not be considered by the attend-
ing physicians.

4.2 How to interpret the results and set the PEEP
subsequently?

We suspected that the occasional differences in optimum
PEEP values derived from EIT measures and presented
in three patients in this paper could be a good indicator
of non-recruitable lungs and heterogeneous airway resist-
ances. Further studies need to be conducted to examine
this hypothesis. There are other EIT measures that may
provide information for individual PEEP titration as well,
e.g. silent spaces, which are defined as hypoventilated
areas showing impedance changes < 10% of the maxi-
mal impedance change within predefined lung areas [28].
Unlike Gl index and C,.,, which cover both overdistension
and collapsed regions, silent spaces focus on evaluating
lung recruitability. Considering the way how these EIT
measures assess hypoventilated areas, the weighted (scal-
ing) factors are different. The hypoventilated areas were
compared to median value of impedance change in the
GI calculation, while in the Creg calculation, they were
weighted to driving pressure. For the silent spaces, they
were compared to the maximum of impedance change. A

recent survey indicated that the GI index and silent spaces
are two highly rated EIT measures [29]. The calculation of
both GI index and silent spaces required lung regions iden-
tification. The lung regions used in the Spadaro study were
based on CT scans derived from a database of patients
with different chest circumferences and matched to the test
subjects. If individual CT images are used for reconstruc-
tion (whenever available), the correlation between silent
space and pressure—volume curves might be improved (r*
reported was 0.54 [28]).

Heterogeneities may be present in the lungs outside
the measurement plane, which are not fully covered by
EIT [30]. This effect may potentially impact the findings
regarding the identification of the “optimum” PEEP. Nev-
ertheless, we suggest combining these EIT-based meas-
ures to guide PEEP titrations. As we previously discussed,
these measures capture information of the respiratory sys-
tem from different aspects. Should the suggested PEEP
be similar, we are confident in the optimal PEEP level.
Should the suggested PEEP be very different as presented
in the three cases in this study, we might increase the pres-
sure during the recruitment procedure within an acceptable
range and closely monitor the ventilation redistribution
in the most dependent regions [8], as well as cardiopul-
monary functions. A weighted combination of different
EIT measures might be a good way to titrate PEEP as
well, which was not possible to be explored with the cur-
rent patient data. Alternatively, clinicians might choose
other options (e.g. prone position) when they consider the
patient as non-recruitable [31].
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5 Conclusions

“Optimal” PEEP selected by various EIT-based measures
may significantly differ in some ARDS patients (~ 10%). The
existence of differences among the analyzed EIT measures
and the recommended “optimum” PEEP selection might be
an indicator of non-recruitable lungs and heterogeneous air-
way resistances.
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