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Background: Electrical impedance tomography (EIT) is a real-time tool used to monitor lung volume change at the bedside,
which could be used to measure lung recruitment volume (V) for setting positive end-expiratory pressure
(PEEP). We assessed and compared the agreement in V.. measurement with the EIT method versus the flow-
derived method.

Material/Methods: In 12 Bama pigs, lung injury was induced by tracheal instillation of hydrochloric acid and verified by an arteri-
al partial pressure of oxygen to inspired oxygen fraction ratio below 200 mmHg. During the end-expiratory oc-
clusion, an airway release maneuver was conduct at 5 and 15 cmH,0 of PEEP. V.. was measured by flow-inte-
grated PEEP-induced lung volume change (flow-derived method) and end-expiratory lung impedance change
(EIT-derived method). Linear regression and Bland-Altman analysis were used to test the correlation and agree-
ment between these 2 measures.

Results: Lung injury was successfully induced in all the animals. EIT-derived V. was significantly correlated with flow-
derived V.. (R*=0.650, p=0.002). The bias (the lower and upper limits of agreement) was -19 (-182 to 144) ml.
The median (interquartile range) of EIT-derived V,,. was 322 (218-469) ml, with 110 (59-142) ml and 194
(157-307) ml in dependent and nondependent lung regions, respectively. Global and regional respiratory sys-
tem compliance increased significantly at high PEEP compared to those at low PEEP.
Conclusions: Close correlation and agreement were found between EIT-derived and flow-derived V .. measurements.
The advantages of EIT-derived recruitability assessment included the avoidance of ventilation interruption and
the ability to provide regional recruitment information.
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Background

Although the use of positive end-expiratory pressure (PEEP)
during mechanical ventilation is a common practice in patients
with acute respiratory distress syndrome (ARDS), the setting
of the “best” PEEP remains controversial [1]. PEEP can play a
beneficial role by recruitment of previously collapsed regions
of the lung, but it can cause deleterious effects due to over-
expansion of the already inflated regions. The overall effect
of PEEP on an individual might depend on recruitability [2].
Because the recruitability of patients with ARDS varies wide-
ly and is closely related to the response to PEEP [2], person-
alized settings for PEEP require an estimation of lung recruit-
ment volume (V,..) [3].

Ve can be measured at the bedside using flow-derived tech-
nology [3,4]. Traditionally, a multiple quasi-static respirato-
ry system pressure-volume curve method has been estab-
lished to measure V. [5,6]. A simplified method has been
introduced to calculate V. as the difference between the ac-
tual and minimal predicted lung volume change induced by
PEEP [7,8]. However, this method requires a release maneu-
ver by disconnection of the ventilator, which can enhance lung
damage. Recently, Chen et al. introduced a modified single-
breath decremental PEEP maneuver that used a prolonged ex-
piration to measure PEEP-induced lung volume change [9,10].
However, measuring exhaled volume during prolonged expi-
ration requires deep sedation and often requires muscle pa-
ralysis to eliminate the influence of spontaneous breathing.

Electrical impedance tomography (EIT) is a radiation-free and
real-time tool to monitor the change of global and regional
lung volume at the bedside [11]. The validity and repeatabil-
ity of EIT monitoring of lung volume change have been test-
ed with reference techniques such as CT scans [12]. Previous
reports have introduced the method of V,,. measurement by
EIT, which has been validated against the helium-dilution tech-
nique [13]. To date, no study has been conducted to compare
EIT-derived and flow-derived V . measurements.

In the present study, we hypothesized that V. measured by
EIT is correlated with the flow-derived approach. The primary
objective was to assess the agreement of V. measurement
by these 2 technologies.

Material and Methods

The study protocol was approved by the Experimental Studies
Ethical Committee (No. 201803001) at Beijing Neurosurgical
Institute, Beijing, China.
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Animal preparation and monitoring

Twelve healthy Bama pigs weighing 40-44 kg and 11-14
months old were sedated by intramuscular injection of ket-
amine hydrochloride (0.3 ml/kg) and xylazine hydrochlo-
ride (0.3 ml/kg). Pigs were placed in the supine position on
a thermo-controlled surgery table. The rectal temperature of
the animals was maintained at approximately 36-38°C. During
the experiment, normal saline was intravenously infused at a
rate of 100 ml/h. A fluid bolus was given when the heart rate
exceeded 120 beats/min. Hypotension persisting despite flu-
id replacement was treated with intravenous norepinephrine
(10 pg bolus or continuous infusion at 0.05 to 0.5 pg/kg/min).
The mean arterial pressure was maintained above 65 mmHg.

During the experiment, the animals were intubated and venti-
lated (Evita Infinity V500TM, Drager, Liibeck, Germany). At base-
line, the ventilator was set up in volume-controlled ventilation
mode with constant flow, a tidal volume of 6 ml/kg, and respi-
ratory rate 15-25 breaths/min to maintain a partial pressure
of carbon dioxide in arterial blood (PaCO,) within a range of
35 to 45 mmHg, a PEEP of 5 cmH,0, an inspiratory to expira-
tory ratio (I:E) of 1: 2 with 0.3 s inspiratory pause, and an in-
spired oxygen fraction (FiO,) of 0.40.

Propofol (1-5 mg/kg/h) and fentanyl (0.4 pg/kg/h) were in-
fused continuously. Vecuronium (0.3 mg/kg/h) was used to
eliminate respiratory efforts, as needed.

The preparation included femoral arterial catheterization,
a Swan-Ganz catheterization, and epicystotomy. We inserted
a 7.0 Fr flow-directed thermodilution fiberoptic pulmonary ar-
tery catheter (Edwards Lifesciences, Irvine, CA, USA) for pulmo-
nary arterial pressure (PAP), pulmonary arterial wedge pres-
sure (PAWP), central venous pressure (CVP), cardiac output (CO)
measurements, and mixed venous blood sampling. Femoral ar-
tery cannulation was performed with a 7.0 Fr pediatric jugular
catheter (ES-04150, Arrow International, Inc., Shanghai, China)
for arterial blood sampling and arterial pressure monitoring.
Continuous ECG monitoring was performed. For hemodynam-
ic monitoring, a monitor (BeneView T5, Mindray, Shenzhen,
China) was used. Cardiac output was measured in triplicate
using the pulmonary artery catheter. Arterial and mixed ve-
nous blood samples were collected and analyzed.

Airway pressure was measured by pressure transducer
(KT 100D-2, Kleis TEK, Italy, range: +100 cmH,0). Flow trac-
ing was collected continuously by a heated Fleisch pneumo-
tachograph (Vitalograph, Inc., Lenexa, KS, USA) placed at the
end of the endotracheal tube. The signal of pressure and flow
was collected continuously (ICU Lab 2.5 Software Package, ICU
Lab, Kleis TEK Engineering, Bari, Italy) in a computer for offline
analysis with a sample rate of 200 Hz [14].
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EIT monitoring (PulmoVista 500; Drager, Liibeck, Germany) was
performed through a 16-electrode belt positioned under the
armpit. One reference electrocardiogram electrode was placed
at the right lower extremity [15]. EIT was connected to the ven-
tilator (Evita Infinity V500TM, Drager, Liibeck, Germany) to col-
lect serial flow, volume, airway pressure, and impedance mea-
surements synchronously. Data were continuously recorded at
40 Hz. A low-pass filter with 50 Hz was used to remove car-
diac artifacts. Data were analyzed offline via dedicated soft-
ware (Drager EIT Data Analysis Tool 6.3, Liibeck, Germany).

ARDS modeling

After the initial preparation, the ARDS model was induced by
instillation of hydrochloric acid (4 mL/kg) into the endotrache-
al tube [16]. When the ratio of the partial pressure of oxygen
in arterial blood (Pa0,) to FiO, (PaO,/Fi0,) remained below
200 mmHg at 5 cmH,0 PEEP for 30 min [17], the ARDS mod-
el was considered to be established successfully. An addition-
al 2 ml/kg of hydrochloric acid solution was instilled into the
trachea if the criterion was not met.

Study protocol

After the ARDS model was established, low and high PEEP
levels (5 and 15 cmH,0) were applied in random order based
on an online random number generator (http://www.psychic-
science.org/random, accessed on June 1, 2018) and sealed in
envelopes. Throughout the study procedure, all the ventilator
settings except PEEP were left unchanged from baseline set-
tings. Each PEEP level was maintained for at least 1 h to stan-
dardize the lung volume history [18]. At the end of each PEEP
level, a procedure was conducted as follows:

1. Arterial and mixed venous blood were sampled. Gas ex-
change and hemodynamic data were collected.

2. End-inspiratory and end-expiratory airway occlusion were
performed, each for 3-5 s, to assess auto-PEEP and calcu-
late respiratory system compliance (Crs) [19].

3. A standard release maneuver was conducted [20]. Briefly,
with the end-expiratory occlusion holding, the animal was
disconnected from the ventilator with the pneumotacho-
graph remaining on the endotracheal tube, until the flow
tracing reached zero.

4. Then, the animal was reconnected to the ventilator. A low-
flow inflation pressure-volume curve (constant flow at
6 L/min) was performed at zero PEEP to exclude airway clo-
sure [21,22].

Flow-derived V.. measurement

For flow-derived V... measurement, airway pressure and flow
signals were collected from the attached pressure transduc-

er and heated Fleisch pneumotachograph mentioned above.

ANIMAL STUDY

During the release maneuver, the expired volume from PEEP
to atmospheric pressure was integrated on flow waveform and
documented as PEEP-volume. The difference in PEEP-volume
between low and high PEEP was documented as the actual
PEEP-induced increase in lung volume. Importantly, disconnec-
tion of the ventilator can determine the derecruitment effect.
The minimal predicted PEEP-induced increase in lung volume
was calculated as the product of static Crs at the low PEEP
and the change in PEEP (i.e,, 10 cmH,0 in the present study).
The V,.. between the low and high PEEP was derived as the
difference between the actual and the minimal predicted in-
crease in lung volume induced by PEEP [7,8].

EIT-derived V.. measurement

For EIT-derived V.. measurement, data on flow, volume, air-
way pressure, and impedance were downloaded from Evita
Infinity V500TM ventilator connected to the EIT monitor. Stable
breaths within the last minute of recording at each PEEP level
were analyzed to calculate the lung volume parameters pre-

viously described by Mauri et al. [13].

The change in end-expiratory lung volume (AEELV) between high
and low PEEP was calculated as the change in end-expiratory
lung impedance (AEELI) by multiplying the ratio between tid-
al volume (ml) measured by ventilator and the corresponding
global tidal impedance change (expressed as absolute unit) at
the low PEEP level. Mathematically, AEELV can be calculated as:

AEELV=AEELIx(Tidal volume (ml))/(Tidal impedance change
(absolute unit)).

The minimal predicted increase in lung volume induced by
PEEP was calculated as described in the flow-derived method,
but using data collected from the ventilator. EIT-derived V.
was defined as the difference between AEELV and minimal
predicted increase in lung volume induced by PEEP [13].

In offline EIT analysis, we defined a matrix of 32x32 pixels in
the thoracic cross-section as the global region of interest (ROI),
which were further evenly divided into the ventral ROI (non-
dependent lung region) and dorsal ROI (dependent lung re-
gion) [15]. V. in the nondependent and dependent lung regions
were calculated accordingly. The regional Crs was also deter-
mined. The heterogeneity of the lungs was assessed using the
center of ventilation, which was expressed as the percentage
of the anteroposterior extension of the certain lung region [23].

Statistical analysis
Data are expressed as the median (interquartile range, IQR).

Parameters before and after ARDS modeling, as well as between
low and high PEEP, were compared using the Wilcoxon signed rank
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Table 1. Parameters before and after the establishment of lung injury model.

Before
Pa0,/Fio, 450 (398-483)
 Mean blood pressure (mmHg) 128 (116-137)
Heart rate (beats/min) 51 (46-59)
Dead spaceratio 015 (010-0.20)
CwPAP (nmH®) 200 (180-218)
CPAWP (mmH®) 95 (7.0-130)
R 70 (53-100)
Cardiacoutput (Umin) 26 (2432

Crs (ml/cmH,0) 45.0 (39.8-55.2)

After p
154 (142-158) <0.001
""""""""" 1o (©3-12) o010
"""""""""" 85  (4s-109 0004
""""""""" 025 (021-0299 0005
""""""""" 305 (268-390) <001
"""""""""" 85 (531100 0680
"""""""""" 65 (4378 0593
"""""""""" 26 (334 o035
""""""""" 256 (235-317) <0001

Data are shown as median (interquartile range). PaO,/FiO, - the ratio of arterial partial pressure of oxygen to fraction of inspiration
oxygen; MPAP — mean pulmonary arterial pressure; PAWP — pulmonary arterial wedge pressure; CVP — central venous pressure;

Crs — respiratory system compliance.

test. The parameters for association analyses were checked for
normal distribution by the Kolmogorov-Smirnov test. Association
between flow-derived and EIT-derived V . was assessed by lin-
ear regression. Bland-Altman analysis was performed to test the
agreement between these 2 measures. Mean bias (EIT-derived V.
minus flow-derived V) and standard deviation of the mean bias
were calculated. Lower and upper limits of agreement were defined
as bias +1.96 standard deviation of the mean bias. Correlations
of V. with the changes in PaO,/FiO, ratio and Crs between low
and high PEEP levels were analyzed by linear regression. Analyses
were conducted using SPSS 22.0 (SPSS, Chicago, IL, USA). p<0.05
was considered statistically significant.

Results

ARDS was successfully induced in all pigs, with median (IQR)
Pa0,/FiO, decreasing from 450 (398-483) to 154 (142-158).
Compared to baseline values, Crs decreased significantly (45.0
[39.8-55.2] vs. 25.6 [23.5-31.7] ml/cmH,0, p<0.001) and the
dead space ratio increased significantly (0.15 [0.10-0.20] vs.
0.25 [0.21-0.29], p=0.005) after modeling (Table 1). During
the experiment, no auto-PEEP or airway closures were found
in any of the experimental animals.

The V. data were normally distributed. EIT-derived V. was sig-
nificantly correlated with flow-derived V. (R?=0.649, p=0.002,
Figure 1A). The bias (the lower and upper limits of agreement)
was -19 (-182 to 144) ml (Figure 1B). The median (IQR) EIT-
derived V. between low and high PEEP was 322 (218-469) m|,
with 110 (59-142) ml and 194 (157-307) ml in dependent and
nondependent lung regions, respectively. The percentage of V.
in the dependent region was 29.5% (25.3-38.3%).

Table 2 shows the Crs and the center of ventilation at the
2 PEEP levels. The global Crs increased significantly at high
PEEP compared to that at low PEEP (34.5 [29.1-42.1] vs. 24.5
[23.1-28.9] ml/cmH,0, p<0.001). The increase in Crs in the de-
pendent region (98.0% [77.7-1.63%]) was significantly higher
than that in the nondependent region (22.5% [9.7-30.6%)],
p<0.001). Tidal volume was distributed more homogenously
at high PEEP as shown by the center of ventilation (21.5%
[18.5-23.8%)] vs. 29.5% [25.3-38.3%], p<0.001).

Table 3 shows the physiological parameters at the 2 PEEP lev-
els. Compared to low PEEP level, the PaO,/FiO, ratio significant-
ly increased (173 [158-181] vs. 254 [223-299], p<0.001), and
the dead space ratio significantly decreased (0.25 [0.20-0.34]
vs. 0.20 [0.15-0.23], p=0.013) at high PEEP level.

The V,, data, PaO_/FiO, ratio, and global and regional Crs were
normally distributed. No significant correlation was found be-
tween the change in PaO,/FiO, ratio from low to high PEEP
level and global and regional V,. (Figure 2A-2C). The glob-
al V., was directly correlated with the change in global Crs
(Figure 2D). A direct correlation was also found between the
regional V... and the changes in Crs in the dependent region
(Figure 2E) and nondependent region (Figure 2F).

Discussion

In the present animal experiment, we assessed the corre-
lation and agreement in V... derived from flow integration
and EIT monitoring. The main finding was that EIT appears to
be an accurate method to estimate lung recruitability at the
bedside. Compared with flow-derived technology, EIT avoids
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Figure 1. Linear regression (A) and Bland-Altman agreement analysis (B) for recruitment lung volume (V,
impedance tomography (EIT) and flow integration. (A) A significant linear correlation was found between EIT-derived V
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Table 2. Regional parameters at low and high positive end-expiratory pressure levels.

Low PEEP High PEEP p
PEEP (cmH,0) 4.9 (4.7-5.1) 14.6 (14.4-14.9) <0.001
CGlobalCrs (miemH,0) 245 (231-289) 345 (91421 <0001
 Dependent regional Crs (ml/cmH,0) ! 51 (4463 110 (80133 <0001
 Nondependent regional Crs (m/cmH,0) 196 (161-228) 21 (70304 0003
| Centerofventilation (%) 215 (185-238) | 205 (253-383) <0001

Data are shown as median (interquartile range). PEEP — positive end-expiratory pressure; Crs — respiratory system compliance.

airway disconnection and provides regional information on
lung volume change.

Recently, the recruitment assessment for PEEP settings to min-
imize ventilator-induced lung injury has received increasing at-
tention [1]. When higher PEEP is used, non-recruitable lungs
may be exposed to harmful overdistension, and when insuffi-
cient PEEP is used, recruitable lungs may be exposed to cyclic
alveolar opening and closing. Repeated CT scans and gas-dilu-
tion techniques have been employed to estimate recruitability.
However, due to their complexity, these techniques have been
confined to research settings [8]. Several methods have been
introduced for the bedside assessment of PEEP-induced alve-
olar recruitment [4,6]. With passive spirometry, the pressure-
volume curve [5,6] and further simplified single-breath decre-
mental PEEP maneuver [7-10] are convenient and repeatable
for recruitment measurement, but these methods need deep

sedation and muscle paralysis and cannot provide information
about overdistension. Recently, the EIT-derived recruitment vol-
ume assessment method has been proposed [11] and validated
against the helium-dilution method [13]. Mauri et al. conduct-
ed a prospectively randomized crossover investigation in 20
adult patients with ARDS or acute hypoxemic respiratory fail-
ure, and found a close association in PEEP-induced alveolar re-
cruitment between the helium-dilution and EIT techniques [13].
In the present study, we also demonstrated a direct correla-
tion between EIT-derived and flow-derived V. in a hydrochlo-
ric acid-induced ARDS model (R?=0.650, p=0.002). Compared
to flow-derived measurement, the EIT-derived method slightly
underestimated V., with a bias of —19 (~182 to 144) ml. This
is also in agreement with the results in the comparison of EIT
with helium-dilution techniques, in which a =26 ml of bias and
limits of agreement of —211 to 160 ml were found [13]. The heli-

um-dilution method and the flow integration during the release
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Table 3. Physiological parameters at the low and high positive end-expiratory pressure levels.

Low PEEP High PEEP p
PEEP (cmH,0) 49  (4.7-5.1) 146 (14.4-14.9) <0.001

Crs (ml/cmH,0) 253 (23.0-28.8) -27.5 (24.0-41.4) <0.001

Data are shown as median (interquartile range). PEEP — positive end-expiratory pressure; PaO,/FiO,— the ratio of arterial partial
pressure of oxygen to fraction of inspiration oxygen; MPAP — mean pulmonary arterial pressure; PAWP — pulmonary arterial wedge
pressure; CVP — central venous pressure; Crs — respiratory system compliance. Crs data were collected from the attached pressure
transducer and heated Fleisch pneumotachograph.
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Figure 2. Correlation between global recruitment lung volume (V) versus change in the ratio of the partial pressure of oxygen in
arterial blood to inspired oxygen fraction (APaO,/FiO,) (A), between V. in the dependent lung region (V. -dependent)
versus APa0,/FiO, (B), between V,.in the nondependent lung region (V . -nondependent) versus APaO,/FiO, (C), between
global V. versus change in global respiratory system compliance (ACrs-global) (D), between V.. -dependent versus change
in Crs in the dependent lung region (ACrs-dependent) (E), and between V.. -nondependent versus change in Crs in the
nondependent lung region (ACrs-nondependent) (F). For regional electrical impedance tomography analysis, the lung images
were divided horizontally into 2 equal sizes from ventral to dorsal, as the nondependent lung region and the dependent lung
region. The regional V.. and Crs were determined by assessing the V . and tidal volume into these 2 regions.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €922609-6




Wang Y--M. et al.:
Lung recruitment measurement by electrical impedance tomography
© Med Sci Monit, 2020; 26: €922609

maneuver measure all lung regions accessible to ventilation,
while the EIT only measures a portion of the lungs, represent-
ing approximately half of the whole lung size [11]. However, our
data and previously reported results [11,24] indicate that the
Ve is underestimated by about 10% by the EIT method, which
seems to be within a clinically acceptable range. Compared to
the flow-derived method, the main advantage of EIT-derived V.
measurement lies in the avoidance of interruption of mechan-

ical ventilation and the need for deep sedation and paralysis.

EIT can also provide information on regional ventilation, which
is valuable for assessment of local recruitment and overdis-
tension [11]. Recently, Scaramuzzo et al. analyzed regional
slow-inflation pressure-volume curves from 12 mechanically
ventilated patients [25]. The study showed high variable re-
gional lower and upper inflection points, which highlighted the
ability of EIT to detect the lung heterogeneity. In a prospec-
tive interventional study, Spadaro et al. introduced a new EIT-
derived index, the dependent silent spaces, that is a dynamic
indicator of regional recruitment [23]. The regional informa-
tion provided by the EIT allows careful respiratory monitor-
ing of well-designed interventions [26]. In our animals, 30%
of PEEP-induced V,, was distributed to the dependent lung
area, which is comparable to previous results in acute respi-
ratory failure patients [13]. We also found that global and re-
gional Crs increased significantly at high PEEP, with ventilation
distributing more evenly across dependent and nondependent
lung regions (Table 2). Meanwhile, gas exchange was improved
after the elevation of PEEP. However, these changes in both
gas exchange and respiratory mechanics were not found in a
previous clinical study by Mauri et al. [13]. There are 3 factors
that might contribute to this discrepancy. First, the difference
in low and high PEEP levels was 5 cmH,0 in Mauri’s study,
whereas it was 10 cmH,0 in our study. Second, the measure-
ments were performed in patients at a mean (+standard de-
viation) of 2+1 days after intubation in the clinical study, but
our study was conducted immediately after establishment of
the ARDS model, which might have represented more recruit-
able lungs in the very early stage of ARDS [27]. Third, due to
their small sample size, Mauri et al. also hypothesized that the
risk of hyperinflation in the nondependent regions was low-
er and recruitment might be greater at higher PEEP levels in
ARDS patients compared to non-ARDS respiratory failure pa-
tients. The ability to assess regional ventilation distribution
might allow the EIT to be used as effective monitoring in clin-
ical PEEP settings.

Although improvements in oxygenation and Crs were found at
high PEEP levels, V. was only correlated with Crs but not with
oxygenation (Figure 2). A secondary analysis of 2 randomized
controlled trials showed that the oxygenation response to PEEP
varied widely among individual patients because oxygenation
is determined by several factors apart from recruitment [28].

ANIMAL STUDY

However, improvement in Crs mainly suggests recruitment of
the lungs and avoidance of overdistention. Although a recent
randomized controlled trial demonstrated no beneficial effect
of Crs-guided PEEP setting on clinical outcomes [29], further
clinical studies are needed to clarify the use of Crs, especially
regional Crs, to titrate PEEP in potentially recruitable patients.

There are several limitations to our study. First, CT is the cri-
terion standard for lung volume measurement. The agree-
ment of V... measured by flow integration and CT scan has
been validated in previous studies [7,8]. In the present study,
we mainly proposed to test the agreement between the new-
ly introduced EIT-derived V . measurement and the tradition-
al flow-derived technique, without performing a triple com-
parison of CT scans. Therefore, we performed an agreement
test between the newly introduced EIT-derived V.. measure-
ment and traditional flow-derived technique without a repeat
of the CT scan in our study. Second, the EIT imaging is relat-
ed to the EIT belt location, and approximately half of the lung
area is covered [11]. However, the characteristics of continu-
ous ventilation, non-radiation, non-invasiveness, bedside per-
formance, and the ability to obtain regional information make
up for this limitation. The EIT is a potentially useful technique
for lung volume monitoring in mechanically ventilated pa-
tients. Third, although recent studies have shown that airway
closure is common in ARDS patients [21,22], no auto-PEEP
and airway closure were found in our experimental ARDS pig
model. This may be due to the specific model of tracheal in-
stillation of hydrochloric acid we used. However, because air-
way closure can result in incorrect calculation of V_, airway
closure and airway opening pressure should be determined
before respiratory mechanics measurements [10]. Fourth, the
release maneuver during flow-derived V.. measurement can
result in derecruitment of the lungs. A single-breath maneuver
with prolonged expiration was recently introduced to measure
Ve [9,10]. Derecruitment can be avoided with this method for
clinical monitoring. Fifth, we did not create a low-flow inflation
pressure-volume curve at low and high PEEP levels. Thus, the
influence of PEEP on poorly ventilated and overinflated lung
areas cannot be analyzed using the methods introduced by
Spadaro et al. [23] and Scaramuzzo et al. [25]. Sixth, our study
was performed in an ARDS animal model. Further studies are
necessary to translate the animal findings to clinical practice.

Conclusions

In this study using an ARDS animal model, we found a close
correlation and a clinically acceptable agreement in V. mea-
surement between ElT-derived and traditional flow-derived
techniques. The main advantages of EIT-derived recruitability
assessment include the ability to avoid ventilation interrup-

tions and to provide regional ventilation information.
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