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Abstract

Objective: Accurate and reliable noninvasive methods to estimate gas exchange are

necessary to guide clinical decisions to avoid frequent blood samples in children with

pediatric acute respiratory distress syndrome (PARDS). We aimed to investigate the

correlation and agreement between end‐tidal PCO2 measured immediately after a 3‐s

inspiratory‐hold (PLATCO2) by capnometry and PaCO2 measured by arterial blood

gases (ABG) in PARDS.

Design: Prospective cohort study.

Setting: Seven‐bed Pediatric Intensive Care Unit, Hospital El Carmen de Maipú,

Chile.

Patients: Thirteen mechanically ventilated patients aged ≤15 years old undergoing

neuromuscular blockade as part of management for PARDS.

Interventions: None.

Measurements and Main Results: All patients were in volume‐controlled ventilation

mode. The regular end‐tidal P P( )CO ETCO2 2 (without the inspiratory hold) was

registered immediately after the ABG sample. An inspiratory‐hold of 3 s was

performed for lung mechanics measurements, recording PETCO2 in the breath

following the inspiratory‐hold. (PLATCO2). End‐tidal alveolar dead space fraction

(AVDSf) was calculated as P P P[( – )/ ]aCO ETCO aCO2 2 2
and its surrogate (S)AVDSf as

P[( CO – )/ CO ]PLAT 2 ETCO PLAT 22 . Measurements of PaCO2 were considered the gold

standard. We performed concordance correlation coefficient (ρc), Spearman's

correlation (rho), and Bland–Altmann's analysis (mean difference ± SD [limits of

agreement, LoA]). Eleven patients were included, with a median (interquartile range)

age of 5 (2–11) months. Tidal volume was 5.8 (5.7–6.3) mL/kg, PEEP 8 (6–8), driving

pressure 10 (8–11), and plateau pressure 17 (17–19) cm H2O. Forty‐one paired

measurements were analyzed. PaCO2 was higher than PETCO2 (52mmHg [48–54] vs.

42mmHg [38–45], p < 0.01), and there were no significant differences with PLATCO2

(50mmHg [46–55], p > 0.99). The concordance correlation coefficient and Spear-

man's correlation between PaCO2 and PLATCO2 were robust (ρc = 0.80 [95%
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confidence interval [CI]: 0.67–0.90]; and rho = 0.80, p < 0.001.), and for PETCO2 were

weak and strong (ρc = 0.27 [95% CI: 0.15–0.38]; and rho = 0.63, p < 0.01). The bias

between PLATCO2 and PaCO2 was −0.4 ± 3.5 mmHg (LoA −7.2 to 6.4), and between

PETCO2 and PaCO2 was −8.5 ± 4.1 mmHg (LoA −16.6 to −0.5). The correlation between

AVDSf and (S)AVDSf was moderate (rho = 0.55, p < 0.01), and the mean difference

was −0.5 ± 5.6% (LoA −11.5 to 10.5).

Conclusion: This pilot study showed the feasibility of measuring end‐tidal CO2 after

a 3‐s end‐inspiratory breath hole in pediatric patients undergoing controlled

ventilation for ARDS. Encouraging preliminary results warrant further study of this

technique.

K E YWORD S

acute respiratory distress syndrome, capnography, carbon dioxide partial pressure, critical care,
mechanical ventilation

1 | INTRODUCTION

Time‐based capnography monitoring provides continuous breath‐

by‐breath data on the adequacy of ventilation. However, end‐

tidal P P( )CO ETCO2 2 may not accurately reflect arterial partial

pressure of carbon dioxide P( )aCO2 when there is a large alveolar

dead space, a hallmark of pediatric acute respiratory distress

syndrome (PARDS).1,2

Arterial blood gases (ABGs) tests are considered the most

accurate method for assessment of the adequacy of ventilation.

Thus, ventilator settings are tailored based on ABG in mechanically

ventilated patients. Usually, frequent arterial blood sampling is

required to manage critically ill patients, which means serial

punctures or an arterial catheter, which is a challenge in critically ill

patients, especially in children. Therefore, accurate and reliable

noninvasive methods to estimate gas exchange are indispensable to

guide clinical decisions, given the dynamic nature of the acute phase

of PARDS.3 Good examples are the SpO2/FiO2 (SF) ratio, Oxygen

Saturation Index (OSI), and PETCO2.

Therefore, accurate and reliable noninvasive methods to esti-

mate gas exchange are indispensable to guide clinical decisions, given

the dynamic nature of the acute phase of ARDS.

From the physiological standpoint, gas transport is convec-

tive in large airways, while diffusion predominates in the

respiratory zone.4 One of the reasons for the inaccuracy of

PETCO2 in representing PACO2 in PARDS could be that the

inspiratory time set is insufficient to allow an equilibrium for

such diffusion.3 Theoretically, during an inspiratory hold, condi-

tions are generated that may temporarily facilitate CO2 diffusion,

reflecting the PACO2.
5 In this study, we aimed to investigate the

correlation and agreement between end‐tidal PCO2 measured

immediately after an inspiratory hold (PLATCO2) by capnometry

and PaCO2 measured by ABGsin mechanically ventilated children

with PARDS.

2 | METHODS

Ethical approval for this study was obtained from the Servicio de

Salud Metropolitano Central Ethics Committee in Santiago, Chile

(approval number 348/2022), waiving informed consent. We

performed the procedures following the ethical standards of the

responsible institutional committee on human experimentation and

with the Helsinki Declaration of 1975.

The inclusion criteria for the study were: (i) children aged

younger than 15 years old; (ii) diagnosis of PARDS, defined by the

2015 Pediatric Acute Lung Injury Consensus Conference (PALICC)

group (3); and (iii) controlled mechanical ventilation (MV) without

respiratory effort due to concurrent treatment with neuromuscular

blockers agents. The PARDS’ severity was classified using the 2015

PALICC criteria, using the worst oxygenation index (OI) between

4 and 24 h after the start of MV.3 We approached all consecutive

patients who met the above criteria at our center (Hospital El Carmen

de Maipú, Chile) between 1 May 2022, and 31 August 2022. We

excluded patients with endotracheal tube air leak >20% of tidal

volume (VT), uncorrected congenital heart disease, or chronic

respiratory failure requiring long‐term MV and tracheostomy.

We obtained demographic and clinical information and outcomes.

All patients followed the institutional protocol for PARDS manage-

ment; thus, all were supported using volume‐controlled ventilation

(VCV) at baseline.EngströmCarestation™ (GE Datex) and Hamilton

G5™ (Hamilton) MV were used, depending on the availability. The

sampling technique for capnometry is sidestream in the former and

mainstream in the latter. Equipment calibration and maintenance were

done according to the manufacturer's recommendation.

In the absence of respiratory muscle activity, the following

protocol was used to record the variables:

1. An arterial blood sample was collected and sent immediately to

the central laboratory on an icepack. Analysis was performed
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