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Global and Regional Tidal Volume Distribution in Spontaneously
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BACKGROUND: Allowing the ventilated adult patient to breathe spontaneously may improve
tidal volume (V) distribution toward the dependent lung regions, reduce shunt fraction, and
decrease dead space. It has not been studied if these effects under various levels of ventilatory
support also occur in children. We sought to explore the effect of level of ventilatory support on
V1 distribution and end-expiratory lung volume (EELV) in spontaneously breathing ventilated
children in the recovery phase of their acute respiratory failure. METHODS: This is a second-
ary analysis of data from a prospective clinical trial comparing 2 different ventilator modes dur-
ing weaning in mechanically ventilated children < 5 y CPAP + pressure support ventilation
(PSV) and pressure control (PC)/intermittent mandatory ventilation (IMV) + PSV with the man-
datory breath rate set at 25% of baseline. Using electrical impedance tomography (EIT), we
assessed Vr distribution by calculating the center of ventilation. Polynomial functions of the sec-
ond degree were plotted to evaluate regional lung filling characteristics. Changes in end-expira-
tory impedance were calculated to assess changes in EELYV. Baseline measurements were
compared with measurements during CPAP/PSV, PC/IMV + PSV, and during a downward ti-
tration of the level of pressure support. RESULTS: Thirty-five subjects with a median age 4.5
(2.1-12.9) months and a median ventilation time of 4.9 (3.3-6.9) d were studied. The overall
median coefficient of variation was 50.1% and not different between CPAP/PSV or
PC/synchronized IMV + PSV. Regional filling characteristics of the lung identified a homo-
geneous Vp distribution under all study conditions. Downtapering of the level of PSV
resulted in a significant shift of the coefficient of variation toward the dependent lung
regions. CONCLUSIONS: Our data showed that allowing ventilated children in the recovery
phase of respiratory failure to breathe spontaneously in a continuous spontaneous ventilation
mode did not negatively affect Vy distribution or EELV. Key words: pediatrics; children, inten-
sive care, pediatric intensive care; mechanical ventilation; weaning; spontaneous breathing; electrical
impedance tomography. [Respir Care 0;0(0):1-e. © 0 Daedalus Enterprises]

Introduction

Allowing the mechanically ventilated patient to breathe
spontaneously can be a double-edged sword. Experimental
studies and observational data from adults reported that
spontaneous breathing in the presence of severe lung injury
may lead to patient self-inflicted lung injury.! Vigorous
breathing may cause injurious transpulmonary pressure
swings leading to lung inflammation.>* On the other hand,
experimental and clinical physiology studies demonstrated
that the posterior part of the diaphragm contracts more than
the anterior part during spontaneous breathing.*> This
resulted in distribution of the tidal volume (V) toward the
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dependent, well-perfused lung regions, thereby attenuating
ventilation-perfusion mismatch and a reduced shunt frac-
tion, decreasing lung collapse and lung inflammation.*'°
The term “spontaneous breathing during mechanical
ventilation” can refer to a continuous spontaneous ventila-
tion mode (CSV) such as CPAP with or without pressure
support or a mode of ventilation that allows the patient to
trigger the ventilator with or without PEEP. It is unknown
if the physiological benefits of spontaneous breathing also
occur in mechanically ventilated children. One study
reported a shift of ventilation toward the nondependent
lung regions and a significant reduction in end-expiratory
lung volume (EELV) when spontaneous breathing was
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eliminated through the induction of anesthesia.'' It may
also be surmised that in especially small children there is
less gravitational effect on Vr distribution because of a
smaller anteroposterior chest wall dimension.'?

We hypothesized that pediatric patients with resolving
respiratory failure breathing spontaneously in a ventila-
tion mode (CPAP + pressure support) that allows the
patient to trigger the ventilator and delivers at the same
a low mandatory breath rate (thereby having these
breaths act as a sigh) would display better global and
regional lung aeration as well as a more homogeneous
Vr distribution. We tested this hypothesis through a
secondary analysis of data collected from a parent trial
comparing 2 different modes of support during pediat-
ric ventilator weaning using electrical impedance to-
mography (EIT). EIT offers a unique opportunity for a
noninvasive, radiation-free, and bedside imaging tech-
nique of real-time global and regional lung aeration by
measuring relative impedance changes in lung tissue,
and it creates images of local ventilation.'*'® We also
explored the effect of the level of pressure support on
global and regional Vr distribution measured with EIT.

Methods

This is a secondary physiology-driven analysis of data
from a clinical study comparing 2 different ventilator
modes during weaning in children with or without acute
lung injury performed in the 20-bed tertiary medical-surgi-
cal pediatric ICU of the Beatrix Children’s Hospital,
University Medical Center Groningen (Groningen, the
Netherlands). The study was approved by the institutional
review board, and written informed consent was obtained
from parents or legal caretakers.

Subjects with resolving respiratory failure were included
if they were younger than 5 y of age, ventilated for at least
24 h, and were in the weaning phase of their disease trajec-
tory according to the clinical team; that is, subjects were
able to trigger the ventilator, had sufficient respiratory
drive, and stable ventilator settings and hemodynamics (ie,
no need for increase in vasoactive drugs and/or fluid
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QUICK LOOK

Current knowledge

The approach to pediatric ventilator liberation is heter-
ogenous. It is unclear if children should be weaned
using full pressure support or in a ventilator mode with
a backup mandatory breath rate. Theoretically, the first
may lead to a better distribution of the tidal volume
(V) toward the dependent lung zones. V- distribution
can be studied using electrical impedance tomography.

What this paper contributes to our knowledge

We found that there was no difference in distribution
of Vr or in end-expiratory lung volume between wean-
ing using full pressure support or in a ventilator mode
with a backup mandatory breath rate, irrespective of
the level of pressure support applied. This data may
contribute to a better understanding of ventilator libera-
tion in children.

challenges at least 6 h prior to enrollment). Excluded were
patients born prematurely with a corrected gestational age
< 40 weeks, congenital or acquired neuromuscular disor-
ders, congenital or acquired paralysis of the diaphragm,
severe traumatic brain injury (ie, Glasgow coma score
< 8), uncorrected congenital heart disorder, chronic lung
disease, and severe pulmonary hypertension.

In our unit, patients are ventilated with a time-cycled, pres-
sure-limited synchronized mode of ventilation with pressure
support. Children < 10 kg are ventilated using pressure-con-
trolled (PC)/assist-control intermittent mandatory ventilation
(IMV), whereas children > 10 kg with lung injury are venti-
lated using PC/synchronized IMV (SIMV) (PC/SIMV + pres-
sure support ventilation [PSV]) and those without lung injury
using volume control (VC) with preset V1 with pressure sup-
port (VC/IMV + PSV).

An expiratory Vt of 5-7 mL/kg actual bodyweight was
targeted. V1 was measured at the Y-piece of the patient
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circuit (VarFlex, Vyaire, Mettawa, Illinois). Peak inspira-
tory pressures were aimed at < 28 cm H,0O (< 32 cm H,O
when there was an increased chest wall elastance) with an
initial PEEP of 4-6 cm H,O in all subjects. If necessary,
PEEP was titrated and guided by the Fip, to maintain an
Sp0, of 92-97%. Flow trigger was set between 0.5 and 1.0
L/min. A heat moisture exchanger (Gibeck, Teleflex
Medical, Vianen, the Netherlands) was in situ between the
patient circuit and the endotracheal tube (KimVent,
Microcuff Endotracheal Tube, Kimberly-Clark, Dallas,
Texas).

Data Acquisition

In the parent study, we studied 2 different ventilator
modes during weaning (that is, CSV [subject was on
CPAP/PSV] versus partial ventilatory support [subject
was on PC/SIMV with set mandatory breath rate at 25%
of the rate before enrolment]). Each subject underwent a
period with CPAP/PSV and PC/IMV + PSV (in random
order) and subsequently a period with downgrading of
PSV (see related supplemental material at http://rc.
rcjournal.com).

For baseline recording, data were stored during 5 min of
stable breathing, and the EIT recordings were performed dur-
ing the last 60 s. Based on the randomization order, subjects
were then switched to CPAP/PSV with the level of PSV sim-
ilar to the added pressure above PEEP during baseline meas-
uring. After 5 min of stabilization, respiratory data were
again recorded for 5 min including an EIT recording in the
last minute. After a resting period of 10 min where ventilator
settings were similar to baseline, the mandatory breath rate
was set at an arbitrarily chosen 25% from baseline. Finally,
all subjects were switched to the CPAP/PSV mode using the
same ventilator settings as in the spontaneous breathing
mode. Then the level of pressure support was reduced 3
times by 2 cm H,O per step. Each step consisted of 5 min of
stabilization followed by 5 min of recording ending with a 1-
min EIT recording.

EIT data were acquired using the Gottingen MF 11
system (CareFusion, Yorba Linda, California). For this
purpose, 16 electrodes (BlueSensor BR-50-K, Ambu,
Copenhagen, Denmark) were applied circumferentially on
the subject’s chest at the level of the intermammary line.
Each electrode injects a small unit of current that will cause
a potential difference (because of different bioelectrical tis-
sue characteristics) that is measured by a pair of passive
electrodes, which are not used for injection. Subsequently,
all adjacent electrode pairs are used for current injection
and by doing so completing one data cycle of 208 different
surface potentials (16 current injections x 13 voltage meas-
urements).'”"? Using the back-projection image reconstruc-
tion algorithm, a relative change in impedance (AZ) can be
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calculated. Whereas AZ is calculated through (Zi,q —
Ze)/Lyer (Where Zy, is the instantaneous local impedance
and Zr the reference impedance), determined from each
data cycle.®*! With a modification of the concept by
Milic-Emili et al, regional filling characteristics of the lung
also can be studied by fitting regional versus global V¢
evaluated by EIT to a polynomial function of the second
degree.'®? Prior to the measurements, a 30 s during refer-
ence measurement is made with a 13 Hz scan rate, and all
the measurements were related to this measurement. One-
minute EIT recordings were made with a scan rate of 13 Hz
at baseline and after each period following a 5-min stabili-
zation period (see related supplemental material at http://rc.
rcjournal.com).

At the time of EIT data acquisition, we recorded subject
physiology data (breathing frequency and transcutaneously
measured Spo,) (Masimo, Irvine, California) as well as ven-
tilator data (AVEA, Vyaire) including mean airway pres-
sure (P,,), minute volume (Vg), expiratory Vr, and end-
tidal COz (PETC02)'

Ventilator settings (mandatory breath rate, inspira-
tory pressures, PEEP, Fiq,, and inspiratory time) were
also recorded. Subject demographics were obtained to
characterize the study cohort, including gender, age,
weight, 24-h Pediatric Risk of Mortality III score,
admission diagnosis, and endotracheal tube size.? The
Pediatric Mechanical Ventilation Consensus Conference def-
inition was used to stratify subjects based on their admission
diagnosis (ie, the clinical phenotype), and pediatric ARDS
was identified using the Pediatric Acute Lung Injury
Consensus Conference definition.***

Data Analysis

EIT data were analyzed using Auspex (V1.6, VUmc,
Amsterdam, the Netherlands) and MATLAB (MathWorks,
Natick, Massachusetts). Both the respiratory and cardiac
components of the EIT signal were identified in frequency
spectra generated from all EIT measurements using fast
Fourier transformation. The EIT data were low-pass filtered
with a cutoff frequency of 2 Hz to eliminate small imped-
ance changes synchronous with the heartbeat.*® Then, local
end-inspiratory to end-expiratory amplitudes of relative im-
pedance changes were calculated in all image pixels, and
functional scans showing the distribution of regional Vt
were generated.

An EIT image is a cross-sectional image of the chest
showing regions from the lungs, chest wall, and mediasti-
num. (Fig. 1) The outer boundaries of the lungs were deter-
mined from functional EIT images based on the calculation
of local impedance variation with time.'® The impedance
variations of the chest wall and mediastinum are lower
than those of the lungs. We, therefore, set the threshold
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Fig. 1. Functional electrical impedance tomography (EIT) image during pressure support ventilation (PSV) and pressure-controlled (PC)/
synchronized intermittent mandatory ventilation (SIMV) (PC/SIMV) ventilation with a set mandatory breath rate at 25% of the rate before enroll-
ment. The color red is an indication of high-impedance changes, whereas the green and blue colors indicate low-impedance changes. As can

be seen between the 2 different weaning methods, there was no (significant) change.

Table 1.  Cohort Demographics

Subjects, N = 35

Male, % 68.6

Age, months, % 4.53 (2.06-12.90) 74.3
Weight, kg 6.48 (4.55-9.87)
PRISM III (24 h) score 3(14)

PIM 2 (24 h) score —4.38 (—4.72 to —4.09)
Admission diagnosis, n

Respiratory 34

Postoperative 1
PEMVECC clinical phenotype classification, %

Normal lung mechanics 29

Obstructive lung disease 14.3

Restrictive lung disease 14.3

Mixed lung disease 68.6
Baseline ventilation mode, n

Pressure assist control 22

CPAP/PSV 13
Tube size, n

3.0 mm 7

3.5 mm 11

4.0 mm 14

4.5 mm 3

Duration of mechanical ventilation, d 4.86 (3.35-6.89)
HFOV, % 48.6

HFOV duration, d 2.38 (1.52-3.19)
Time between enrollment and extubation, h 23.04 (17.80-44.56)
Pedidatric ICU length of stay, d 5.92 (4.24-9.00)

Admission diagnosis is based on the definitions in the Pediatric Mechanical Ventilation
Consensus Conference (reference 25). Data shown as median (IQR) unless otherwise specified.
PRISM III = Pediatric Risk of Mortality III

PIM 2 = Pediatric index of mortality

PEMVECC = Pediatric Mechanical Ventilation Consensus Conference

PSV = pressure support ventilation

HFOV = high-frequency oscillatory ventilation

impedance variation of these structures at a value corre-
sponding to 20% of the maximum variation within the
functional image and used it as the limit to define the
EIT lung regions.?”-*® Regional pixel V1 from these EIT
lung regions were then plotted versus the global Vt
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calculated from the sum of all image pixels within the
whole cross-section from one inspiration. The regional
and global tracings of relative impedance change begin-
ning at inspiration and ending at expiration were nor-
malized to the regional and global tidal end-inspiratory
to end-expiratory difference in relative impedance
change; thus, they are given as fractions of 1.0.%®
The regional versus global V plots were subsequently
fitted by a polynomial function of the second degree:
y = ax’ + bx + c. The quality of fitting was assessed by
simultaneously plotting fitted and measured data points.
Fittings were accepted if the R? was = 0.90. The curva-
ture of the plot is characterized by the polynomial coef-
ficient of the second-degree a. A polynomial coefficient
of the second degree of nearly zero (—0.2—0.2) indicates
aregional V1 change that occurs almost homogeneously
during inspiration. Negative values (< —0.2) of the
polynomial coefficient of the second degree indicate
that the degree of impedance change in region of inter-
est is greater at the beginning of the inspiratory cycle
compared to global but eases off toward the end, sug-
gesting hyperinflation of that region of interest. A posi-
tive polynomial coefficient of the second degree (> 0.2)
indicates that the degree of impedance change at the be-
ginning of the inspiratory cycle is less in the region of
interest compared to global but increases toward the
end of the inspiratory cycle, suggesting tidal recruit-
ment.'® To assess ventral to dorsal distribution of
regional filling, profiles of average polynomial coeffi-
cients were generated. In each of the 32 rows of the 32
x 32 matrix of polynomial coefficient values, 2 average
polynomial coefficients were calculated from 16 indi-
vidual pixel values in the right and 16 in the left halves
of the matrix, respectively.

To objectify the occurrence of pendelluft, a MATLAB
script was developed (MathWorks) that calculated for each
recorded breath in the 32 x 32 pixel matrix if there was
both a decrease and increase in relative impedance, sugges-
tive for shifting of air.
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Table 2. Subject Vital Parameters Compared to the Baseline or the Previous Step in the Stepwise Reduction of the Amount of Pressure Support
Baseline PSV PC/IMV Baseline PSV —2 cm H,O PSV —4 ¢cm H,O PSV —6 cm H,O
Clinical parameters
Comfort score 12 (10-14) 11 (10-13) 12 (11-13) 11 (10-12) 11 (10-12) 11 (10-12) 11 (10-12)
Heart rate, beats/min 138 (122-149) 135 (121-149) 139 (118-150) 134 (116-144) 134 (121-142) 129 (113-150) 125 (117-150)
Peripheral saturation, % 98 (95-99) 97 (95-98) 97 (96-98) 97 (96-98) 97 (95-98) 96 (94-98) 96 (95-98)
Frequency, breaths/min 28 (23-34) 21 (16-22) 20 (27-38)* 32 (26-46) 31 (25-42) 35 (31-45)* 32 (26-44)
Respiratory parameters
Expired V1 (mL/kg) 6.6 (5.9-8.1) 7.1(6.5-8.1) 6.8 (5.5-6.9) 6.8 (6.0-8.5) 7.2 (5.9-8.0) 6.1 (5.6-7.5)*  6.5(5.4-7.3)

Perco, (mm Hg)

48.8 (45.8-52.5) 48.8 (43.5-54.0) 51.0(41.3-62.3) 49.5 (45.0-52.5) 48.0 (45.8-53.3) 49.5 (45.0-56.3) 51.0 (45.8-54.8)*
Ventilator settings

Fio, 0.30 (0.27-0.40) 0.30 (0.27-0.40) 0.30 (0.27-0.40) 0.30 (0.27-0.40) 0.30 (0.27-0.40) 0.30 (0.27-0.40) 0.30 (0.27-0.40)
PEEP, cm H,0 6 (5-6) 6 (5-6) 6 (5-6) 6 (5-6) 6 (5-6) 6 (5-6) 6 (5-6)
PSV, cm H,0! 14 (12-16) 14 (12-16) 14 (12-16) 14 (12-16) 12 (10-14) 10 (8-12) 8 (6-10)

Metrics of oxygenation and ventilation

P.0,, mm Hg
P.co,, mm Hg

Oxygenation index

P,0,/Fio, 249 (183-306) 242 (188-286)

Data shown as median interquartile range. Statistic test used is the Wilcoxon signed-ranked test. *P < .05

!Set pressure support or the applied pressure above PEEP when on pressure-regulated ventilation.
No blood samples were withdrawn during the downgrading of pressure support.

PSV = pressure support ventilation

PC = pressure-controlled

IMV = intermittent mandatory ventilation

73.5 (64.1-87.8) 74.9 (65.9-83.3) 67.4 (60.0-85.5)*
47.9 (43.1-54.0) 48.2(42.0-53.9) 48.3 (42.9-54.5)

4.92 (3.79-6.03) 4.25(3.52-5.47) 4.65 (3.84-6.53)
237 (184-285)

No blood samples withdrawn

Statistical Analysis

Data of all variables were assessed for normality using
the Kolmogorov-Smirnov test. Descriptive data were
expressed as median (25-75 interquartile range) or percent-
age (%) of total. For the univariate analysis, data measured
during the 2 ventilator modes and gradual reduction of
PSV, the Wilcoxon signed-rank test was used. Linear
regression analysis was used to study the correlation
between median polynomial coefficients of the second
degree and lung mechanics and parameters for gas
exchange. Statistical analysis was performed using SPSS
v23 (IBM, Armonk, New York). P values < .05 were con-
sidered statistically significant.

Results

Data from 35 subjects (68.6% male) with an age of 4.5
(IQR 2.1-12.9) months and weight 6.5 (IQR 4.6-9.9) kg
were analyzed (Table 1). Subjects were ventilated for 4.9
(IQR 3.3-6.9) d and studied after 87 (IQR 58-129) h of ven-
tilation. Neuromuscular blocking agents were used in 77.1%
of the cohort. Time between stopping neuromuscular block-
ing agents and study enrollment was 65.4 (IQR 30.1-188.5)
h. Average pediatric ICU length of stay was 5.9 (IQR 4.2—
9.0) d. (Table 1) Ventilatory support remained unchanged
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after enrollment during the study period (ie, PEEP, Fio , and
level of pressure support). Overall, no significant differences
with clinical importance were found in respiratory physiol-
ogy variables such as breathing frequency, Perco,, or Fio,
(Table 2). '

Overall median center of ventilation was 50.1% (IQR
47.2-52.9) and was not different between the 2 ventilator
modes (Fig. 2), indicating that there was no gravity-depend-
ent Vr distribution or preference of Vr toward the nonde-
pendent or dependent lung zones. Similar findings were
made for EELV (Fig. 3), albeit that there was a statistically
significant difference. EELV was significantly lower dur-
ing CPAP/PSV compared with PC/SIMV+PSV. Analysis
of regional filling characteristics showed an overall coeffi-
cient of 0.10 (IQR —0.20-0.49) and was not different
between the 2 ventilator modes, indicating a homogenous
distribution of Vr throughout the lung (Fig. 4). Pendelluft
was not observed.

Coefficient of variation decreased significantly when
the level of pressure support was tapered down to 6 cm
H,O from baseline (Fig. 2). We also observed a signifi-
cant decrease in in EELV from 7.1 (IQR —9.6 to —5.4)
to —5.5 (IQR —7.5 to —4.0) during pressure support
reduction (Fig. 3), but there was no change in the distri-
bution of Vr throughout the lung represented by the re-
gional filling characteristics (Fig. 5).
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Fig. 2. The effect of the 2 different weaning methods (A) and reduction of pressure support (B) on the center of ventilation. The amount of pres-
sure support during baseline measurement while downgrading the support is in accordance with the level of support used in the spontaneous
breathing mode. PSV = pressure support ventilation. PC/SIMV = pressure-controlled (PC)/synchronized intermittent mandatory ventilation
(SIMV) with a set mandatory breath rate at 25% of the rate before enrolment. *Noted as a statistical significance < .05.

Discussion

We showed that in spontaneously breathing intubated
children there was no gravity-dependent effect on Vy
distribution and that there was a homogeneous Vr dis-
tribution throughout the lung. Ventilation liberation by
means of only CPAP/PSV compared to a mode with
mandatory ventilator breaths did not result in clinically
relevant changes in Vp distribution or EELV. The
occurrence of pendelluft could not be demonstrated.
Our findings may contribute to a better understanding
of ventilator liberation in pediatrics.

Our findings on the distribution of the coefficient of vari-
ation are in contrast with observations made in animal stud-
ies and mechanically ventilated adults.®® The effect of
gravity may be less noticeable due to smaller circumference
of the pediatric thorax. Also, the pediatric thorax has a
more circular shape, at least partially explaining that the
coefficient of variation is more in the middle part of the
thorax.'? The lower elastic recoil in children may further
cause a shift to the more anterior parts of the lung.”
Recently, Inay and colleagues reported® similar findings
on the coefficient of variation in 25 children who had either
CSV or no positive-pressure support. However, they also
reported that under controlled ventilation the coefficient of
variation was more directed toward the nondependent
zones. This difference with our findings can most likely be
explained by the fact that subjects in our study were much
younger, thereby eliminating the effect of gravity and the
possible use of sedatives in the study mentioned. This is
because especially younger children have a higher chest
wall compliance, making those infants having a signifi-
cantly lower relaxation volume (ie, EELV). Under normal
circumstances, children breathe from an EELV that is
higher than the relaxation volume; but when sedated, this
elevated EELV is changed and in combination with the
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higher tendency of the airways to collapse causes a breath-
ing pattern that is similar to that of adults with preferential
ventilation of the nondependent lung regions.*' Another ex-
planation might be that there were differences in how much
the subjects breathed spontaneously between our baseline
measurements and the measurements under controlled ven-
tilation in their study. Interestingly, studies in preterm
infants did show a gravity-dependent effect of Vr distribu-
tion. Frerichs et al*” studied 12 unsedated and healthy neo-
nates (10 were preterm) and found that different body
position affects the topographical distribution during spon-
taneous breathing, a finding subscribed by Riedel et al,**
who compared the ventilation inhomogeneity between pre-
term and term-born infants during quiet natural sleep
breathing in supine position. They found that in the preterm
infant the tidal breath was preferentially distributed to the
anterior parts of the lung.’>**

Traditionally, children are weaned from the ventilator by
reducing the level of ventilatory support to a certain mini-
mum. An extubation readiness test can be performed to
assess if the patient can be liberated from the ventilator.
Most extubation readiness tests make use of some pressure
support. This minimum level of support is not only applied
because of the perceived added resistance of the endotra-
cheal tube, but clinicians may also fear that patients will
become tachypneic and develop shallow breathing when
insufficient levels of support are delivered.”® Our study
results may at least partially prove otherwise. First, we did
not find a change in EELV between partial ventilatory sup-
port or CSV. Second, although EELV decreased signifi-
cantly when pressure support was decreased, this difference
is in our view clinically irrelevant since we did not observe
clinically relevant changes in oxygenation (ie, Spo, and
Fio,). At the same time, it may be argued that our results
were confounded by the relatively high level of pressure
support that was set before it was reduced. In perspective,
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Fig. 3. The effect of the 2 different weaning methods (A) and reduction of pressure support (A) on end-expiratory lung volume (EELV).
The amount of pressure support during baseline measurement while downgrading the support is in accordance with the level of sup-
port used in the spontaneous breathing mode. PSV = pressure support ventilation. PC/SIMV = pressure-controlled (PC)/synchronized
intermittent mandatory ventilation with a set mandatory breath rate at 25% of the rate before enroliment. *Noted as a statistical signifi-

cance < .05.

most of the extubation readiness tests are executed with too
much pressure support and thereby masking the physiologi-
cal effect of such tests.* Future studies should, therefore,
compare changes in Vt distribution and EELV during
CPAP with and without added pressure support, especially
since the added resistance by the endotracheal tube is
negligible.’>*

We did not observe the intrabreath movement of gas
from the nondependent to the dependent lung regions with-
out a change in Vr, a phenomenon that is known as pendel-
luft.>” This might be explained by the absence of inter-
alveolar pores and/or bronchoalveolar channels in the
pediatric, immature lung.*® On the other hand, it is vigorous
breathing in the presence of severe lung injury that might
give rise to pendelluft, but the subjects in our study had no
or mostly resolved lung injury.****° Future studies,

RESPIRATORY CARE @ ® ® VOL ® NO @

therefore, are needed to examine the effects of vigorous,
potentially injurious spontaneous breathing in the pediatric
context.

To our best of knowledge, this is the first prospective
pediatric study examining global and regional lung vol-
ume changes using EIT during ventilation liberation.
However, several limitations of our study are to be men-
tioned. Our clinical study was a designed single-center
study that may limit the generalizability of our findings,
although our unit is comparable to most large units
globally. Subjects were enrolled into our study when
the attending physician deemed the patient eligible for
weaning. However, it is known that the time point when
weaning starts is ill defined in ventilated children.”
This may have caused a selection bias with less stable
respiratory patients not included. Also, we made EIT
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Fig. 4. Polynomial coefficients of regional versus global filling characteristics. Left lung (A, C, and E) and right lung (B, D, and F). A
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with a set mandatory frequency at 25% of the frequency before enrollment. Data are expressed as median interquartile range (IQR).
Polynomial coefficients of regional versus global filling during different approaches of weaning in the dorsal to ventral direction by

making use of electrical impedance tomography measurements.

recordings for 1 min, but this might have resulted in a
variable number of patient breaths during this period,
potentially causing bias. Nonetheless, we think this can
be neglected since most subjects in our study were
young and had a comparable breathing frequency.

An important limitation of EIT is the fact that the images
do not necessarily detect ventilation differences in the whole

8

cephalocaudal direction. They show changes in electrical im-
pedance derived from a 3-dimensional chest slice because
regions out of the electrode plane also affect the measured
electrical potential differences and influence the generated
images.*' However, this does not preclude the underestima-
tion of possible ventilation heterogeneity by EIT in remote
chest regions. Furthermore, positioning of the EIT electrodes
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is important when assessing EELV; this should be kept in
mind when comparing studies that used other techniques to
study EELV such as multibreath washout.

Conclusions

Global and regional Vr distribution were not gravity de-
pendent and homogeneously distributed in mechanically
ventilated children during the ventilator liberation phase,
irrespective of ventilator mode or level of pressure support.
These findings may help in a better understanding of the pe-
diatric ventilator liberation process.
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