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Abstract

To assess the efficacy of electrical impedance tomography (EIT)-guided positive end-expiratory pressure (PEEP) titration
in improving outcomes for patients with acute respiratory distress syndrome (ARDS). A systematic review and meta-anal-
ysis was conducted following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Randomized controlled trials and observational studies with a control group comparing EIT-guided PEEP titration
to other strategies were included. Endpoints analysed included mortality, days of mechanical ventilation (MV), intensive
care unit (ICU) length of stay (LOS), weaning success rate, barotrauma, driving pressure (AP), mechanical power (MP),
Sequential Organ Failure Assessment (SOFA) score and adverse events. Pooled results were presented as Risk Ratio (RR)
for dichotomous outcomes and standardized difference in means (SMD) for continuous outcomes. A total of 4 studies
were identified (3 randomized controlled trials and one observational study). All studies were single-center studies (N
total=271 patients). The main limitations were related to potential bias in selecting reported outcomes. EIT-guided PEEP
titration was associated with a significant reduction in mortality among critically ill patients with ARDS (RR=0.64, 95%
CI: 0.45-0.91). No significant differences were found in other outcomes. Our findings suggest that EIT may be a valuable
tool for PEEP titration in critically ill patients with ARDS. By optimizing lung mechanics, EIT-guided PEEP titration may
potentially reduce mortality rates. While larger, multicenter studies are needed to definitively establish the clinical role of
EIT in ARDS management, our results provide promising evidence for its potential clinical impact.

Keywords Electrical impedance tomography - Critical care - Mechanical ventilation - Acute respiratory distress
syndrome, positive end-expiratory pressure

1 Introduction inflammation and pulmonary edema that severely com-

promises respiratory function and it has a significant mor-
Acute respiratory distress syndrome (ARDS) is a severe  bidity [2] and mortality [1]. Mechanical ventilation (MV)
inflammatory lung disease, which is prevalent among  remains a life-support intervention for these patients. How-
critically ill patients [1]. It is characterized by widespread ever, MV may have significant complications. It can lead
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to ventilator-induced lung injury (VILI) [3], a severe com-
plication that exacerbates the preexisting lung injury and
significantly contributes to increased mortality in ARDS
patients. Therefore, optimizing ventilator settings to provide
a more protective MV is essential.

In this clinical context, positive end-expiratory pressure
(PEEP) is an essential element of MV. Optimizing PEEP
is crucial for lung protection and reducing the risk of VILI
while maintaining adequate oxygenation and ventilation.
PEEP helps to prevent alveolar collapse and atelectrauma
by maintaining alveolar distension and reducing cyclic
opening and closing of lung units [4, 5]. Additionally, while
PEEP can improve lung recruitment, leading to a more
homogeneous distribution of ventilation and reduced stress
on the alveolar wall [3, 6], it is important to note that the
response of poorly aerated lung tissue to PEEP varies based
on individual lung characteristics. In some cases, PEEP may
increase the proportion of poorly aerated tissue, contributing
to greater lung inhomogeneities and potentially exacerbat-
ing stress on the alveolar wall [7]. Therefore, individualiz-
ing PEEP strategies based on patient-specific factors, such
as lung recruitability and dynamic compliance, is crucial to
optimize its benefits and minimize potential harm.

The response to PEEP is highly heterogeneous among
patients. Thus, assessing the individual PEEP response of
each patient is warranted. PEEP aims to reduce the strain
on the lung, which may be achieved in patients with higher
lung recruitability, defined as the proportion of lung tissue
in which aeration is restored at increased airway pressures.
In contrast, when high PEEP is applied in non-recruitable
patients, it increases the strain and the overdistension, pro-
moting the occurrence of VILI. Different strategies have
been used to set PEEP at the bedside [8]. One of these meth-
ods is electrical impedance tomography (EIT), which has
been proposed as a potentially safe and effective alternative
for bedside PEEP titration, although robust evidence sup-
porting its safety and efficacy remains limited. EIT allows
for non-invasive, radiation-free, bedside monitoring of
regional ventilation [3, 9, 10]. It is based on the physical
principle of impedance or the body’s ability to conduct an
electric current [11, 12].

Despite growing interest in incorporating EIT into inten-
sive care units (ICUs), the efficacy and safety of this tech-
nology in PEEP titration in mechanically ventilated patients
with ARDS remains unclear. This systematic review aimed
to assess the usefulness of PEEP titration guided by EIT on
outcomes of critically ill patients with ARDS in comparison
to other PEEP titration methods.
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2 Methods
2.1 Data sources and search strategy

Three databases (MEDLINE through Ovid, EMBASE and
the Cochrane Library) were searched from inception to
February 1, 2024 (see electronic supplementary material
1, S.1). We searched for studies evaluating any other PEEP
titration strategies and EIT-based individual PEEP setting of
critical ARDS patients, with MeSH headings (“respiratory
distress syndrome”, “critical care”, “artificial respiration”)
and text words (ards, mechanical ventilation, intensive care,
electrical impedance tomograph*). For the advanced search
on MEDLINE and EMBASE, synonyms of the word “criti-
cal care” (intensive care) were combined with synonyms
of the word artificial respiration (mechanical ventilation,
assisted ventilation). The acronym “ARDS” was also con-
sidered. We searched for any additional studies in the ref-
erences of all identified publications, including previous
relevant meta-analyses and narrative reviews. Clinicaltrials.
gov and PROSPERO databases were reviewed to find ongo-
ing studies.

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and registered on
an international database of prospectively registered sys-
tematic reviews (PROSPERO) (CRD42024548293). The
results were merged using the reference management soft-
ware Ryaan.ai.

3 Study selection

To define the systematic review, we used the acronym PICO
(Participants, Interventions, Comparators, and Outcomes).
The inclusion and exclusion criteria for study selection
are presented in Table 1. For inclusion, any studies except
reviews, case reports and conference abstracts or observa-
tional studies without a control group were included. We
included randomized controlled trials (RCTs) and non-ran-
domized studies (NRS) involving adult patients with ARDS
on invasive mechanical ventilation. Studies in English or
Spanish language were considered.

Outcome variables related to the safety and efficacy of
the intervention were assessed. Efficacy outcomes included
were: mortality, ICU, hospital, days of admission to ICU,
days with MV or ventilator-free days in the first 28 days
of randomization, incidence of barotrauma/pneumothorax,
SOFA (Sequential Organ Failure Assessment), variation in
PEEP level, changes in AP and MP. The reporting of any
adverse events (AE) during the study was assessed concern-
ing to the safety of the interventions.
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Table 1 Inclusion and exclusion criteria

Criteria Inclusion Exclusion
Participants Adult patients with ARDS Neonates, pediatrics,
pregnant women,
non-ARDS patients
Interventions EIT-guided PEEP titration Other PEEP titration
strategies without
EIT
Comparators Any other PEEP titration ~N/A
strategies
Outcomes Mortality, ICU LOS, ven- Reviews, case
tilator-free days, SOFA reports, conference
score, driving pressure abstracts, studies
(AP), mechanical power  without a control
(MP), adverse events group
Study Design Randomized controlled Case-control stud-
trials (RCTs), obser- ies, cohort studies
vational studies with a without a control
control group group
Language English, Spanish Other languages

N/A: Not applicable

A clinical expert was consulted during the initial stages
of protocol development to ensure the clinical relevance and
feasibility of the research question and inclusion criteria.
This involvement aligns with established methodological
guidance for health technology assessment [13]. However,
the expert did not participate in the selection of studies, data
extraction, statistical analysis, or interpretation of results.
This separation ensured that the findings remained unbiased
and methodologically robust The screening and selection
of studies were conducted independently by two review
authors (CS-P and BR-O). These authors were blinded to
the clinical expert’s input. Any disagreements between the
two review authors were resolved by a third review author
(LS-G), who was also blinded to the clinical expert’s input.

4 Data extraction and assessment of bias

The data extraction process for the selected studies was
conducted on an independent, peer-reviewed (CS-P and
BR-O) basis. Any possible disagreements were resolved by
consensus or in collaboration with another research team
member (LS-G). A standardized data extraction form was
developed to collect relevant information from the included
studies. A dedicated Microsoft Excel® spreadsheet was used
to data extraction. The extracted data included data on study
characteristics (e.g., study design, sample size, population
characteristics), intervention details (e.g., EIT application
method, PEEP titration strategy), outcome data, conclu-
sions, and conflicts of interest.

Two authors (CS-P and BR-O) assessed study quality
using the Cochrane Risk of Bias (RoB-II) assessment tool
for RCTs and the Risk of Bias In Non-randomized Studies-of

Interventions (ROBINS-I) for observational studies [14,
15]. Risk of bias was classified as low, of some concern,
or high. Disagreements were resolved through consensus or
with the participation of a third author (LS-G).

5 Synthesis of results

Dichotomous outcomes (all-cause mortality and weaning
success) were expressed as pooled Risk Ratio (RR) with 95%
confidence intervals (Cls) and presented as a forest plot. For
continuous outcomes (AP), we reported the standardized
difference in means (SMD). Statistical heterogeneity was
assessed using the Chi-square test, where a p-value<0.05
was interpreted as significant and evidence of heterogeneity.
To assess the impact of statistical heterogeneity on the inter-
vention effect, we calculated the I? statistic. We used the
Mantel-Haenszel random effects model to account for this
heterogeneity. The following interpretation of I? values was
adopted: 0—40% (might not be important), 40—60% (moder-
ate), 60-90% (substantial), and 75-100% (considerable). In
addition to the primary analysis, a sensitivity analysis was
conducted, restricting the included studies to RCTs to assess
whether the observed effects were consistent when exclud-
ing NRS. It was not possible to assess potential publication
bias because a minimum of ten studies were not selected.

The statistical analyses were performed by RevMan
5.0 software, The Nordic Cochrane Centre, Copenhagen,
Denmark.

6 Results
6.1 Study identification

The search identified 346 records (MEDLINE=12,
EMBASE=322, Cochrane Library=12). A total of 318
unique citations were screened after eliminating duplicates.
Of these, we excluded 310 records that did not meet selec-
tion criteria. Therefore, a total of 8 studies were selected for
full-text review. A total of four studies were included in the
systematic review and the meta-analysis (Fig. 1) [16—-19].
And, 4 other studies were excluded. The main reasons for
exclusion were study design (case series) [20], study objec-
tive (comparison of PEEP patterns [21] or selection of
baseline PEEP [22, 23]) or no comparison group [20-23].
Electronic supplementary material 2, S.2 includes detailed
information on the reasons for exclusion for each of these
studies.

Our analysis detected two studies registered on Clinical-
Trials.Gov (NCT05307913 and NCT05822869) that met
the inclusion criteria for our PICO question and which were
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Fig. 1 Study identification. )
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ongoing (no results available) at the time of this analysis
[24].

6.2 Description of the included studies and quality
assessment

The included studies had different designs: 3 of the stud-
ies were RCTs (one of them with a crossover design) [16,
17, 19] and one study had an observational design [18]. All
publications were in English. The total sample size of the
included studies was 271 patients, with 133 involved in the
EIT group compared to 138 in the control group. All studies
used the same EIT device: Pulmovista 500 from Draeger
Medical. All studies included patients with ARDS; in three
of the studies, the diagnosis of ARDS was made according
to the Berlin definition [25], and in the fourth study, it was
made according to more specific clinical criteria [19]. In one
of the studies, patients with moderate-severe ARDS were

@ Springer

specifically selected. Characteristics and primary objectives
of the four included studies are shown in Table 2.

Regarding quality assessment, two clinical trials were
assessed as presenting an unclear risk of bias [12, 13], and
another had a high risk of bias [14]. The main concerns in
these studies were the risk of bias in the selection of the
reported outcome (Fig. 2). In the case of the non-random-
ized study, a high risk of bias was identified, considering
issues related to confounding factors and the selection of
study participants [5].

7 Mortality

Three of the studies assessed all-cause mortality. The defini-
tion of the outcome variable was similar in all studies. While
all studies showed higher mortality in the control group
versus EIT group, only the RCT by Hsu et al. (RR=0.56,
95% CI: 0.33-0.94) demonstrated a statistically significant
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Table 2 Characteristics and primary objective of the studies included in the meta-analysis

References Year of Design Number of patients Period of Location Con- Study Funding
publication (intervention/control) realisation trol objective
Zhao et al. 2019 NRS  24/31 2016 Taiwan PV To Far Eastern Memorial Hospi-
[18] (control curves examine tal (FEMH-2016-C-012 and
group) the dif- FEMH-2017-C-055)

2017 ferences

(TIE) of EIT
versus
the
routine
proce-
dure
based on
PV mea-
surement
obtained
from the
ventilator
for PEEP
setting.

Heetal. [16] 2021 RCT 61/56 Nov 2018 China  PEEP/ To deter- CAMS Innovation Fund for Medi-
to Sep FiO2 mine cal Sciences (No.

2020 table whether CAMS Innovation Fund for Medi-
individu- cal Sciences (No. 2020-12M-C&T-
alised B-042), Capital’s
early Funds for Health Improvement
titration ~ and Research (No. 2020-2-40111),
of PEEP  Excellence
with EIT Program of Key Clinical Specialty
improved of Beijing in 2020, and Beijing
out- Municipal
comes in  Science and Technology
patients Commission (Grant No.
with Z201100005520051).

ARDS.  National Natural Science Founda-
tion of China (52077216).
Hsu et al. 2021 RCT  42/45 April Taiwan Point To Far Eastern Memorial Hospital
[17] 2017 to of compare (Grant Nos. FEMH-2018-C-077
Feb 2019 maxi- PEEP and
mal titration FEMH-2019-C-071), National Nat-
hys-  with ural Science Foundation of China
teresis EIT and (Grant No. NSFC 51837011),
inPV  ventila- Everest
loop tor-inte- Program ofAFMU(Grant No.
grated 2019ZFB002),BMBFMOVE(Grant
PVin No. FKZ 13FH6281X6) and
moderate  H2020MCSA
to severe Rise (Grant No. 872488—DCPM).
ARDS
Jiménez et al. 2023 RCT 6/6 March United High To CHEST foundation.
[19] 2019 to States  PEEP/ explore
Jun 2022 FiO2 the
table effects
of EIT-
guided
PEEP
titra-
tion on
mechani-
cal
power in
patients
with
ARDS.
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Fig. 2 Risk of bias assessment for
included randomized controlled
trials (RCTs) using the Rob-I1

Randomization process

Overall risk of bias Rob-II

tool
Deviations from the intended interventions (part 1)
Deviations from the intended interventions (part 2)
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EIT Control Risk Ratio Risk Ratio
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Total events 26 40
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Test for overall effect. Z=2.14 (P=0.03)
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Subtotal (95% Cly 24 31 27.5% 0.65 [0.33, 1.25] <
Total events 8 16
Heterogeneity: Mot applicable
Test for overall effect: Z=1.30(F=0.19)
Total (95% Cly 127 132 100.0% 0.64 [0.45, 0.91] L 2
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e 2 — . iz — - - IR = : : : :
Heterogeneity: Tau®= 0.00; Chi*=0.71,df =2 (P=0.70); F=0% o1 01 10 100

Test for overall effect: £= 2.51 (P =0.01)
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Favours EIT Favours control

Fig.3 Comparison of mortality between EIT-guided and conventional PEEP titration. CI: Confidence Interval, df degrees of freedom, I? heteroge-
neity statistic, M-H Mantel-Haenszel random effects model, RCTs: Randomized clinical trials

difference that was clinically relevant. The pooled results
for this variable are shown in Fig. 3. The overall random
effects pooled bias was RR=0.64, 95% CI: 0.45-0.91. Inter-
study heterogeneity was low (I2=0%).

7.1 Days on mechanical ventilation

Hsu et al. [17] assessed the number of days on MV and
found no statistically significant difference between the
two groups (20.6+11.7 days in the control group versus
25.3+14.4 days in the EIT group). He et al. [16]assessed
ventilator-free days during the first 28 days of study partici-
pation and found no statistically significant difference in this
outcome variable between the two groups: 14.0 (0-23.0)
days in the EIT group versus 18.5 (0-24.0) days in the con-
trol group.

@ Springer

7.2 Lenght of stay (LOS) in the ICU

Hsu et al. [17] and He et al. [16] evaluated the LOS in the
ICU. None of the studies found statistically significant dif-
ferences between the groups. In the study of Hsu et al. [17],
a similar duration was observed in both groups: 19.9£9.6
days in the control group versus 20.2+9.1 days in the EIT
group. In the study by He et al. [16], statistically significant
differences between the groups could also not be demon-
strated: 13.0 (7.0-25.0) in the EIT group versus 10.0 (7.0-
14.8) in the control group.

7.3 Weaning success rate

Three included studies assessed weaning success rate [16—18].
No significant differences were observed between the two



Journal of Clinical Monitoring and Computing

groups in any of the individual studies. A meta-analysis of the
available data revealed no statistically significant difference in
weaning success rate between the EIT-guided PEEP titration
and control groups: RR=1.19, 95% CI: —0.85-1.67]. Inter-
study heterogeneity was moderate (I>=51%) (Fig. 4).

7.4 Occurrence of barotrauma/pneumothorax

The incidence of barotrauma was evaluated by two differ-
ent studies [16, 18]. Only in one of them, two barotraumas
were detected in the control group (2 in 31 patients, 6.5%)
during the study [18]. No other group or study detected such
events. Jimenez et al. [19] detected one pneumomediasti-
num, but it did not require any additional intervention.

7.5 Driving pressure (AP)

All included studies assessed changes in driving pressure
(AP). While Zhao et al. [18] reported a significant reduc-
tion in AP in the EIT-guided PEEP group compared to the
control group (15.1£3.1 cmH20 vs. 19.1+3.7 cmH20), the
remaining studies did not find statistically significant differ-
ences. Thus, the effect of EIT-guided PEEP on AP was not
significantly different from comparators and heterogeneity
(I>=82%) was detected in the pooled analysis (Fig. 5).

7.6 Mechanical power (MP)

Only Jimenez et al. [19] measured the change in MP of
an ElT-based strategy versus a strategy based on PEEP/

FiO2 table. This study demonstrated a significant reduc-
tion in MP in the EIT group compared to the control group
(—2.50+£3.70 vs. 1.87£1.61).

7.7 SOFA (sequential organ failure assessment)
score

SOFA score was measured only in the study by He et al.
[16]. Differences in SOFA were measured after day 1 (dif-
ference in SOFA at day 1 minus SOFA measured at random-
ization) and after day 2 from randomization. Statistically
significant differences were detected in the evolution of the
SOFA index between baseline and day 3 in the EIT group
versus control group.

7.8 Safety

None of the selected studies has specifically assessed the
safety of the intervention. There are no reports of discontin-
uation of the intervention due to AE in any of the included
studies.

8 Discussion

Our meta-analysis indicates that ARDS patients with opti-
mized PEEP by EIT have a significantly lower mortality risk
than those titrated with the conventional strategy. However,
EIT was not associated with other clinical benefits. In this

EIT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
6.1.1 RCTs
He 2021 30 61 K} 56 38.9% 0.89[0.63, 1.26] ——
Hsu 2021 25 42 18 45 31.4% 1.49[0.96, 2.30] &
Subtotal {95% CI) 103 101 70.3% 1.13 [0.68, 1.87] -~
Total events a5 49
Heterogeneity: Tau®= 0.09; Chi®= 3.30, df=1 (P = 0.07); F=70%
Test for overall effect: Z=0.47 (P = 0.64)
6.1.2 Observational study
Zhao 2018 16 24 15 3 297% 1.38[0.87,2.18] T
Subtotal (95% CI) 24 31 29.7% 1.38 [0.87, 2.18] >
Total events 16 14
Heterogeneity: Mot applicable
Testfor overall effect Z=1.36 (P=017)
Total (95% Cly 127 132 100.0% 1.19 [0.85, 1.67] S
Total events 71 64
Heterogeneity: Tau®= 0.05; Chi*= 4.06, df=2 (P=013); F=51% 0?2 0?5 é é
Testfor overall effect: 2=1.01 (P =0.31) Favours experimental Favours contral

Test for subagroup differences: Mot applicable

Fig.4 Comparison of successful weaning between EIT-guided and conventional PEEP titration. CI: Confidence Interval, df degrees of freedom, I?
heterogeneity statistic, M-H Mantel-Haenszel random effects model, RCTs: Randomized clinical trials
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EIT Conventional Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
4.2.1RCTs L
He 2021 13 2.96 61 13 1.48 56 29.0% 0.00[-0.84, 0.84]
Hsu 2021 109 25 42 124 36 45 26.3% -1.50[-2.80,-0.20] —
Jimenez 2023 106 1.82 6 11.91 1.57 6 21.9%  -1.31[3.23 061] T
Subtotal (95% Cly 109 107 77.2% -0.78[-1.87,0.31] <
Heterogeneity: Tau®= 0.50; Chi*=4.32, df=2{P=0.12); F=54%
Test for overall effect: Z=1.39{P=0.16)
4.2.2 Observational study
Zhao 2018 151 31 24 191 37 M 228% -4.00[-5.80,-2.20] —
Subtotal (95% Cly 24 31 228% -4.00[-5.80,-2.20] <D
Heterogeneity: Not applicable
Test for overall effect: 2= 4.36 (P < 0.0001)
Total {95% CI) 133 138 100.0% -1.59[-3.23, 0.05] L
Heterogeneity: Tau®= 2.22; Chi*=16.81, df= 3 (P = 0.0008); F=82% f

Test for overall effect: Z=1.91 (P = 0.06)

-0 -5 0 EL
Favours EIT Favours control

Testfor subaroup differences: Chi*=12.49, df=1 (P = 0.0004), F=92.0%

Fig. 5 Comparison of AP between EIT-guided and conventional PEEP titration. CI: Confidence Interval, df degrees of freedom, I? heterogeneity
statistic, M-H Mantel-Haenszel random effects model, RCTs: Randomized clinical trials

regard, significant heterogeneity was detected for AP and
weaning success rate.

PEEP titration in ARDS patients with mechanical ven-
tilation is a challenging task. Previous evidence has shown
that individualized PEEP titration can improve overdis-
tension and lung collapse resulting from prolonged use
of mechanical ventilation, and ultimately reduce the inci-
dence of VILI [20]. The pandemic has increased the num-
ber of studies conducted specifically in the COVID-19
population [20-22]. EIT has been proposed as a valuable
technology for monitoring and guiding appropriate PEEP
titration in critically ill patients with ARDS. Two previ-
ous meta-analyses analyzed the use of EIT-guided PEEP
setting in ARDS patients and reported similar results [26,
27]. However, the present study presents substantial dif-
ferences. Our analysis was more focused in terms of the
design and purpose of the included studies. We excluded
(1) studies due to differences in the study population
[28, 29], (2) studies that assessed different outcomes not
included in our PICO questions [21-23, 30-36], and (3)
studies with inappropriate design, including those with-
out a comparator group [20, 21, 23, 33, 37] (see elec-
tronic supplementary material 3, S.3). This strict design
leads to an increase in the homogeneity of the observed
results. This review provides additional insights not cov-
ered by Songsangvorn et al., including an economic per-
spective [38] and information on ongoing trials that may
shape future research in this area. By addressing a more
specific research question and providing additional data,
this review complements existing literature and offers
refined insights to guide clinical and research practices.
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Notably, while He et al. excluded patients with COVID-
19 and morbid obesity (Body Mass Index (BMI)>40 kg/
m?2), these groups represent a significant proportion of
ARDS patients with the highest risk of complications
[37, 39]. Addressing this gap highlights the need for
further research to evaluate PEEP titration strategies in
these high-risk populations.

Previous studies arised the importance of mortality as a
primary outcome to assess individualized PEEP titration in
ARDS patients with MV [40, 41]. Our results showed a sig-
nificant improvement in the EIT guided group versus con-
ventional strategies, without heterogeneity. We have also
evaluated AP and MP, outcomes that have been associated
with mortality in ARDS patients [42].

The studies included in the meta-analysis did not report
any relevant information on aspects related to the cost of
EIT implementation. A previous review by the National
Institute for Health and Care Excellence (NICE) briefly
assessed the economics of this technology in 2019 [38].
Complete post-pandemic economic evaluation studies are
needed to approximate better the economics associated with
implementing this technology.

8.1 Strengths and limitations

Our study presents some strengths. The research question
targets a specific population, as well as intervention, com-
parators, and outcome variables. The aim was to evaluate
the efficacy of the EIT guidance strategy versus conven-
tional alternatives for titrating PEEP in critically ill patients
with ARDS. We excluded any studies that were not focused
on answering this research question. This analysis assessed
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mortality and weaning success as primary outcomes. Vari-
ables related to the performance of MV on lung mechanics,
such as AP, were also evaluated. Detailed information on
potential biases and the quality of the studies involved in the
meta-analysis has also been included, and well-known and
widely used tools have been used for the quality assessment.

However, it is not exempt from limitations. First, some
degree of heterogeneity was reported in the pooled results
of the weaning success and AP. This could be partially
explained by differences in the baseline characteristics
of the patients included in the selected studies. Differ-
ences in the conventional strategies used in the control
groups and in the EIT-guided PEEP titration techniques
may also have contributed to the inter-study variability. It
is important to note that the I? statistic, while commonly
used to assess heterogeneity, can be biased in small meta-
analyses, potentially underestimating or overestimating
true heterogeneity. This limitation should be considered
when interpreting our findings [43]. Despite this, the 12
statistic remains a widely accepted tool for assessing het-
erogeneity, and its use here aligns with standard practices
in systematic reviews and meta-analyses. Secondly, the
analysis was constrained by the small sample size, which
limits the generability of the observed results. Only three
single-center RCTs and one observational study were
included, ranging from 12 to 117 patients, which may
affect the precision and stability of the results. Finally,
we found heterogeneity regarding the lack of standard-
ization of PEEP assessment based on EIT among studies.

9 Conclusion

Our results suggest that ARDS patients may benefit from
EIT-guided PEEP titration. The real-time bedside assess-
ment of regional ventilation provided by EIT may result
in improved PEEP individualization, thereby limiting the
occurrence of VILI and enhancing survival. However,
standardization of EIT-guided PEEP selection tested in
large RCTs is still needed. These trials should not only
consider mortality, days free of MV, or length of stay but
also economic and organizational issues that may be rel-
evant to the implementation of the technology.
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