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bstract

Objective: To assess the clinical feasibility and safety of electrical impedance tomography (EIT) to identify the optimal Mean
Airway Pressure (MAP) in high frequency oscillatory ventilation (HFOV) in children with Acute Respiratory Distress Syn-
drome (ARDS).

Design and setting: Prospective, observational descriptive study in the pediatric intensive care unit (PICU) at King Chulalong-
korn Memorial Hospital (KCMH) (super tertiary level)

Patients: Patients aged 1 month — 15 years admitted to PICU with moderate to severe ARDS using HFOV from October 2020
to February 2022.

Interventions: To determine the optimal MAP in HFOV, we used our previous protocols which identified the optimal MAP in
HFOV by decremental MAP titration after lung recruitment maneuvers (conventional approaches) combined with EIT analysis.
After decremental MAP titration, the treating physicians set the appropriate MAP for each patient, referred to as the practical
MAP.

Measurements and result: There were six participants diagnosed moderate to severe ARDS. All had their optimal MAP iden-
tified in HFOV following the protocol combined with EIT analyses for 13 times. One analyses could not be compared due to
technical errors. The optimal MAP values in HFOV obtained using EIT were lower significantly from the practical MAP (me-
dian 21.25 (18.5-28) and 23.00 (17-26) cmH20 respectively, P =0.025). After the lung recruitment maneuver, most patients had
a reduction in MAP and oxygen index (OI) except for patients No. 2 and No. 5 who had increased OI. OI decreased by median
value of 1.1 (0.2-2.45). No significant changes were found in the hemodynamics and lung volume from chest x-rays after the
lung recruitment maneuver was performed. There was no complication related to EIT in this study.

Conclusions: The use of EIT in children with moderate to severe ARDS is appeared to be safe and feasible. The optimal MAP
on HFOV obtained using the EIT was lower significantly from the practical MAP set by the treating physicians depending on

the individual patient.

Keywords: Pediatric; Acute respiratory distress syndrome; High frequency oscillatory ventilation; Electrical impedance tomog-

Qaphy; Optimal mean airway pressure; Lung recruitment )
Introduction including high frequency oscillatory ventilation (HFOV) [2].
Acute Respiratory Distress Syndrome (ARDS) is a leading However, a recent study of adult ARDS patients found that
cause of morbidity and mortality in intensive care units. Among HFOV did not reduce mortality [3], but rather increases the
pediatric patients, the incidence of ARDS was 3.5 cases per number of vasoactive drugs, sedatives and muscle relaxants
100,000 people per year and its mortality rate was 33.7% [1]. used. It may also show increased mortality [4,5]. While some
There are alternative treatment modalities for severe ARDS pediatric studies found that using HFOV in severe ARDS re-
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sulted 1n superior oxygenation to conventional ventilation[6],
the outcomes of HFOV are based on multifactorial. One is of
the key success in using HFOV is to optimize lung volume by
initial Mean Airway Pressure (MAP).

Currently, we have a safe lung volume monitoring device
called an electrical impedance tomograph (EIT), which has the
capability to assess lung volume at the bedside. Inany HS et
al., found that EIT images were well associated with a patient's
lung pathology and there was no complication associated with
using EIT [7]. It has been used with conventional mechani-
cal ventilation (CMV) in patients with ARDS for estimation of
recruitable alveolar collapse and hyperdistension [8], finding
personalized optimal positive end-expiratory pressure (PEEP)
[9]. Additionally, there is limited study of the application of
EIT with HFOV in pediatric ARDS.

Methods

Study design & setting

This prospective, observational descriptive study was ap-
proved by the Institutional Review Board of the Faculty of
Medicine, Chulalongkorn University, Bangkok, Thailand
(153/64). All patients were admitted to the Pediatric Intensive
Care Unit (PICU) at King Chulalongkorn Memorial Hospital
(KCMH), (super tertiary level) with moderate to severe ARDS
using HFOV, from October 2020 to February 2022. Informed
consent was obtained.

Study population

Pediatric patients aged 1 month — 15 years with moderate to
severe ARDS (oxygen index (OI) > 12) according to the Pedi-
atric Acute Lung Injury Consensus Conference (PALICC) defi-
nition using HFOV were included. Those with cyanotic heart
disease, severe obstructive airway disease, unstable spines or
did not consent were excluded.

Data collection

To determine the optimal MAP in HFOV (sensor medic, USA)
we used the protocols of a previous study (ISRCTN 19924570)
(Appendix A), which identified the optimal MAP in HFOV
by decremental MAP titration after lung recruitment maneu-
vers. The conventional protocol will start MAP at 30 cmH20,
continuous distending pressure was sustained for 30 second.
Then, the piston started and gradually weaned down MAP by 2

c¢cmH20 every 5 minutes and observe SpO2. Record the MAP
at which the SpO2 starts to decrease by more than 2 percentage
points (lung DE recruitment). MAP at this point is the optimal
MAP in conventional protocol.

A Dréger PulmoVista® 500 (EIT analysis unit with software
version 1.2 (latest version 2020), Germany) was used in the
study. An EIT belt was attached around the thorax at the loca-
tion of the 4th-5th intercostal space with a reference electrode
at the abdomen used to perform the analysis at a rate of 50
frames per second.

EIT was used to monitor regional changes of lung impedance
which correlated with lung volume continuously during lung
recruitment maneuvers and decremental MAP titration in the
trend view mode. Starting, MAP at 30 cmH20 was sustained
for 30 seconds then decrease MAP by 2 cmH20 every 5 min-
utes and stop when the oxygen saturation (SpO2) starts to de-
crease by more than 2 percentage points (lung de-recruitment
point) (Figure 1a).

Each step of decremental MAP titration was marked event in
EIT. After decremental MAP titration was done, conduct anal-
ysis mode in EIT was performed to analyze lung volume at
each marked event (Figure 1b). EIT will display tidal image
and graph for each marked event which included region of al-
veolar overdistention and region of alveolar collapse, then EIT
software will determine the optimal MAP that gave least re-
gion of alveolar overdistention and alveolar collapse, reflected
the best lung compliance (Figure 1c¢).

After decremental MARP titration, the appropriate MAP was set
by the treating physicians for each patient according to clini-
cal, SpO2, hemodynamics, blood gas and chest x-ray, referred
to the practical MAP. The practical MAP may be lower than
the optimal MAP obtained using EIT, if the treating physicians
concern of overdistention of alveoli from clinical, blood gas
and chest x-ray, or may be higher if the clinical, blood gas and
chest x-ray suggested collapsed alveoli.

Statistical analysis

Continuous variables were expressed as mean (standard de-
viation: SD), median (interquartile range: IQR) and percentage
for categorical variables. IBM SPSS Statistics 22 software was
used for analysis.

Figure 1a An 1T helt was attached around the thorax at the location of the 4™-5"

imercostal space. EIT was used 1o monitor regional changes of lung impedance

continuously during lung recrvitment mimeuvers and decremental MAP tiration in the

trend view mode. Each step of decremental MAP titration was marked event in EIT.

L

Figure 1b Conduct analysis mode in EIT was performed to analyze lung volume at each marked event

‘ Figure 1e T will display tidal image and graph for cach marked event, then GIT

< software will determine the optimal MAP that gave Icast region of alveolar

w overdistention and alveolar collapse, reflecied the best lung compliance.
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Results

Baseline clinical characteristics

There were six participants in the study. All participants had
moderate to severe ARDS. (see Table 1).

*Diagnosis of subject:

Number 1. Respiratory syncytial virus pneumonia, broncho-
pulmonary dysplasia.

Number 2. Ventilator-associated pneumonia, bronchopulmo-
nary dysplasia with congenital diaphragmatic hernia, patent
ductus arteriosus with ventricular septal defect with pulmonary
hypertension.

Number 3. Ventilator-associated pneumonia, preterm with
hiatal hernia with upper gastrointestinal bleeding.

Number 4. Pulmonary hemorrhage, microscopic polyangiitis
with rapidly progressive glomerulonephritis.

Number 5. Ventilator-associated pneumonia, Down's syn-
drome with atrioventricular canal defect with pulmonary hy-
pertension.

Number 6. Hospital-acquired pneumonia with pulmonary
hemorrhage, Alagille syndrome with congenital anomalies of
kidney and urinary tract, Gut obstruction with small bowel re-
section.

Table 1: Baseline clinical characteristics.

Characteristics Settings on CMV before on HFOV HFOV
Subject | Age Sex Nutrition- | Cumula- [ Dura-| OI C O 2[PEEP|M A P[Initial
number (months) al status | tive fluid | tion in- (mmHg) | (em-|(cm-| MAP (cm-
(% WH) 3 days | tubation H20) H20) H20)
(%FO) (days)

1 3 M 92 5.14 4 1243 I11.9 8 16 26

2 12 F 107 -0.33 15.46 524 9 14 20

3 3 M 97 12.13 5 13.27 82.6 8 15 23

4 107 F 89 -743 6 14.90 36.9 10 14 30

5 10 F 76 12.16 8 19.10 53 8 13 I8

6 7 M 100 -3.09 I 39.74 72.9 14 24 28

Statistics Range % Mean + | Median | Mean + | Median | Median | Mean £
SD (IQR) SD (IQR) (IQR) SD

Result 3 months — | Male 48+26 [I15.18]6828 |8 . 514 .5]2417 =«

8 years 50% (13.06- | 26.83 (8-11) (13.75-| 4.67
24.26) 18)

Optimal mean airway pressure guide by electrical imped-
ance tomography and practical MAP

The total number of analysis times was 13. One analysis could
not be compared due to technical errors. The optimal MAP
values in HFOV obtained using EIT were lower significantly
from the practical MAP set by the treating physicians (median

21.25 (18.5-28) and 23.00 (17-26) cmH20 respectively, P =
0.025). No significant changes were found in the hemodynam-
ics and lung volume from chest x-rays between Optimal MAP
obtained using EIT and practical MAP. (Table 2). There were
no complications related to EIT in this study. The survival rate
was 50% (Figure 2).
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Figure 2: Optimal MAP guide by electrical impedance tomography and practical MAP.
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Table 2: Hemodynamics and chest x-rays between optimal MAP obtained using EIT and practical MAP

Subject Titration Hemodynamics CXR
number number MAP from EIT Practical MAP Aeration
CVP | HR BP CVP | HR BP Pre-titration Post-titration
1 1 - - - - - - 10 10
2 2 16 129 95/62 16 120 87/56 10 10
3 3 16 136 120/71 16 129 97/54 8 8
4 4 I1 152 142772 11 160 163/82 8.5 8.5
5 11 152 144777 10 150 141775
6 14 154 129/67 14 150 127767 8.5 8.5
7 - - - 12 148 152/80 8.5 8.5
5 8 14 137 94/55 13 136 85/54 10 10
9 16 126 98/49 15 126 89/41 10.5 10.5
6 10 17 97 107/53 17 116 105/55 7.5 8
11 12 87 118/67 14 95 125/67 8 8.5
12 16 99 146/77 14 98 117/67 8.5 8
13 30 109 99/50 31 105 90/46 6.5 6.5

Effect of lungs recruitment maneuvers

Almost all participants had their optimal MAP in HFOV iden-
tified following the protocol except in the first titration for the
initial settings of patient No. 6. There was no indication for a
recruitment maneuver due to a low HFOV setting with appro-
priate oxygenation.

After the lung recruitment maneuver, most patients had a re-
duction in their MAP and OI except patient No. 2 and No. 5
who had an increased OI. The OI decreased by a median value
of 1.1 (0.2-2.45).

No significant changes were found in the hemodynamics and
lung volume from chest x-rays after the lung recruitment ma-
neuver was performed.

All six participants received ventilation with HFOV for an
average of 8.3 days (SD 4.63 days), received intubation from
17 - 52 days. Of them, 67% were admitted to the PICU for
more than 28 days. The results for the intubation day were not
included for patient No. 2 because that patient was a preterm
infant received intubation since birth.

Discussion

From our study, in children with moderate to severe ARDS,
EIT-guided the optimal MAP in HFOV is feasible and safe.
There was no complication related to EIT. The optimal MAP
values in HFOV obtained using EIT were lower significantly
from the practical MAP. Similar to the study by Rosemeier et
al., found that EIT guided PEEP titration protocol in children
with mild to moderate ARDS is feasible and led to higher PEEP
levels than the PEEP levels set by the treating physician [9].

The study by Liu S et al., in which they used EIT to adjust the
optimal MAP in HFOV and compared these results to the op-
timal MAP obtained via a conventional approach. They used a
SpO2 response to the change of MAP in an experimental mod-
el of ARDS. The difference of MAP values ranged from 0-6
cmH20 [10]. In the study of Miedema M et al., it was used to
examine changes in lung volume and ventilation in preterm in-
fants with RDS using HFOV. They found oxygenation-guided
recruitment maneuvers alone cannot effectively represent the
lung volume when compared with EIT [11].

A key factor in successfully using HFOV is to set an initial
optimum MAP. The optimal MAP setting in HFOV will give
the best recruitable lung units, provide adequate gas exchange,
and thereby maintain good SpO2 as well as hemodynamics.
Therefore, SpO2 is often used as indicator of proper lung vol-
ume, especially in recruitment maneuvers.4, 5 Nevertheless,
the level of SpO2 also depends on other factors, such as tissue
perfusion, hemodynamics, cardiac output, and especially pul-
monary blood flow [12]. This finding demonstrates the limita-
tion of the current protocol to find the best MAP-recruitable
lung units in HFOV. Using a safe device that can assess lung
volume at the bedside while using HFOV to determine the op-
timal MAP to achieve the best recruitable lung unit would be
an ideal approach in severe ARDS.

After identifying the optimal MAP in HFOV using a protocol.
The OI decreased by a median value of 1.1 (IQR 1.3) except
patient No. 2 and No. 5 who had an increased OI. This could be
partly explained by their underlying diseases (congenital heart
disease and pulmonary hypertension) in which the change in
MAP may quickly affect lung volume, pulmonary blood flow,
shunting of blood flow that will affect PaO2 and SpO?2.

Additionally, there was no significant change of lung volume
observed from CXR. Thus, CXR may be an inaccurate method
to assess the optimal lung volume during the use of HFOV.
There were no significant changes in the hemodynamics after a
lung recruitment maneuver was performed, which agrees with
the results of Samransamruajkit R et al [6].

Our study is the first study to obtain the optimal MAP in HFOV
guided by EIT in children with moderate to severe ARDS. Al-
though, there are limitations in this study due to the small num-
ber of enrolled subjects. Thus, it may be insufficient to make
solid conclusions about the efficacy of using EIT and HFOV
in severe pediatric ARDS. However, the study demonstrates
potential clinical benefits without causing adverse effects on
patients. A subsequent larger clinical study to confirm the ef-
fectiveness of EIT-guided MAP settings in children with severe
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ARDS on HFOV is certainly warranted.

Conclusion

The use of EIT in children with moderate to severe ARDS is
appeared to be safe and feasible. It may be used to assess the
dynamic changes of pulmonary pathology at the bedside and
find individualized optimal MAP values in HFOV to provide
the best recruitable lung units with the least effect on hemody-
namics.
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