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ABSTRACT 

Objective: To determine the regional ventilation characteristics during non-invasive 

ventilation in stable preterm infants. The secondary aims were to explore the 

relationship between indicators of ventilation homogeneity and other clinical 

measures of respiratory status. 

Design: Prospective observational study. 

Setting: Two tertiary neonatal intensive care units. 

Patients: Forty stable preterm infants born <30 weeks gestation receiving either 

CPAP (n=32) or nHF(n=8) if <36 weeks corrected gestation, and extubated for at 

least 24 hours at time of study. 

Interventions: Continuous electrical impedance tomography imaging of regional 

ventilation during 60-minutes of quiet breathing on clinician-determined non-invasive 

settings. 

Main outcome measures: Gravity-dependent and right-left centre of ventilation 

(CoV), percentage of whole lung tidal volume by lung region, and percentage of lung 

unventilated were determined for 120 artefact-free breaths/infant (4770 breaths 

included). Oxygen saturation, heart and respiratory rates were also measured. 

Results: Ventilation was greater in the right lung (mean (SD) CoVRL 69.1 (14.9)%) 

and the gravity non-dependent lung; ideal-actual CoV 1.4 (4.5). The central third of 

the lung received the most tidal volume, followed by the non-dependent and 

dependent regions (p<0.0001 repeated measure ANOVA). Ventilation inhomogeneity 

was associated with worse SpO2/FiO2, (p=0.031, r2 0.12; linear regression). In those 

infants that later developed bronchopulmonary dysplasia (n=25) SpO2/FiO2 was 

worse and non-dependent ventilation inhomogeneity greater than in those that did not 

(both p<0.05; t test Welch correction). 
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Conclusions: There is high breath-by-breath variability in regional ventilation 

patterns during NIV in preterm infants. Ventilation favoured the gravity non-

dependent lung, with ventilation inhomogeneity associated with worse oxygenation. 

Abstract word count: 249 words  
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INTRODUCTION 

Most clinical guidelines now recommend non-invasive ventilation (NIV) as initial 

respiratory support for preterm infants with respiratory failure.1 NIV is simpler to use 

than support requiring an endotracheal tube (invasive ventilation), is well tolerated 

and perceived to confer short and long-term lung protective benefits.2 In meta-

analysis of clinical trials, the use of NIV results in a reduction in bronchopulmonary 

dysplasia (BPD), albeit small.2 Unfortunately, population follow-up studies have not 

demonstrated a reduction in BPD, with poorer late-childhood respiratory outcomes 

reported in recent cohorts, compared with earlier cohorts where NIV was less 

commonly used.3-5 Beyond the delivery room, NIV is usually provided with either 

continuous positive airway pressure (CPAP) or high-flow nasal cannualae (nHF). The 

indications for use, and specific CPAP and nHF strategies vary widely.1,6 This may 

also explain some of the discrepancy between trial and clinical respiratory outcomes.  

 

BPD is a multi-factorial progressive process that results from injurious respiratory 

support delivered to an immature lung with reduced alveolar capacity.7 Injurious 

ventilation states can be caused by inadequate lung volume (atelectasis) or excessive 

tidal ventilation (volutrauma), both of which can generate damaging 

mechanotransductive forces resulting in increased oxygen needs and a biotrauma 

response.8-10 Understanding where these events are occurring in the lung requires 

methods of monitoring volume state, ideally on a breath-by-breath basis.10,11 

However, continuous monitoring during NIV is limited to peripheral measures of gas 

exchange and clinical observation of work of breathing. 

 

Studies in adults and preterm animals have consistently shown that ventilation is 
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rarely uniform within the diseased lung.10,12,13 In preclinical studies heterogeneous 

(non-uniform) ventilation worsens oxygenation and creates complex injury events, 

potentially allowing different volume states to occur in different lung regions 

simultaneously.9,10,13 In animal studies, improving ventilation uniformity reduces 

acute markers of lung injury.10,13-15 Currently, clinicians have no method of assessing 

ventilation uniformity at the bedside in preterm infants, limiting the ability to 

determine whether NIV settings are lung protective or injurious. This hampers the 

ability of respiratory treatments to be modified before the cascade of events causing 

BPD develops.4  

 

Recently, electrical impedance tomography (EIT) systems for infants have become 

available.11,16 EIT is a method of breath-by-breath imaging of regional ventilation 

homogeneity and relative tidal volume (VT) that is ideally suited to preterm infants, 

being non-invasive, radiation-free and continuous during all forms of support.11,17 

Limited EIT data exists in preterm infants receiving NIV,11,18,19 especially with 

regards to associations with clinical status. The aim of this study was to determine the 

regional ventilation characteristics during non-invasive ventilation in stable preterm 

infants. The secondary aims were to explore the relationship between indicators of 

ventilation homogeneity and other clinical measures of respiratory status, including 

BPD. This is the first step in understanding the potential clinical utility of measures of 

ventilation homogeneity to guide lung-protective management in the NICU. 
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METHODS 

The study was performed in the Neonatal Intensive Care Units (NICUs) of the Royal 

Children’s Hospital and Royal Women’s Hospital, Melbourne, Australia between 

November 2016 to August 2017. Prospective written informed parental consent was 

provided. 

 

Infants receiving either CPAP or nHF were eligible if they were born <30 weeks of 

gestation, were <36 weeks corrected gestation at time of study, and had been 

extubated for at least 24 hours. Infants were not studied if they had at least one period 

of >4 hours without any respiratory support, NIV was being used for a primary 

cardiac disease or to support central respiratory depression, had suppressed 

respiratory drive due to analgesia on day of study, had fragile skin or were deemed 

too medically unstable to handle. The mode and settings of NIV and infant body 

position were determined by the clinician and were not altered during study.  

 

An ultrasound gel-coated, non-adhesive, 32-electrode neonatal EIT belt (SenTec AG, 

Landquart, Switzerland) was placed around the infant’s chest at nipple level during a 

period of clinical care using our previously described methods.16,20-23 The belt was 

connected to the SenTec Pioneer EIT system and electrode signal quality confirmed. 

After allowing the infant to settle, four 10-minute EIT recordings were performed at 

48 frames per second during 60-minutes of quiet breathing. Peripheral capillary 

oxygen saturation (SpO2), heart rate (HR) and respiratory rate (RR) were measured 

continuously (Intellivue MD70 monitor, Phillips Healthcare, Eindhoven, Netherlands) 

and values recorded minutely.  
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Raw EIT data were reconstructed with an anatomically correct custom-made 

algorithm of the human chest to exclude impedance change outside the right and left 

lung boundaries using the manufacturer’s software package (ibeX, SenTec AG), in 

accordance with standardised guidelines.11,24 Once reconstructed, each of the 10-

minute recordings were manually reviewed using a standardised approach to identify 

the first 30 consecutive artefact-free inflations (total 120 inflations/infant) included 

for analysis.17,19,22 Functional EIT images of the distribution of VT for each selected 

inflation were created, and data extracted from the whole lung, right and left lung, and 

three gravity dependent regions of interest (ROIs); gravity-nondependent (ND), 

central (C) and gravity-dependent (D).11 The following measures of ventilation 

homogeneity were generated: 1) the relative VT within each ROI as a percentage of 

total VT delivered to the lung and as a ratio of anatomical size of each ROI (%VT in 

the gravity-nondependent, central and gravity-dependent ROI only analysed for prone 

and supine infants); 2) the centre of ventilation (geometric mean of VT distribution 

along a single plane) along the right-left (CoVRL), and gravity non-dependent to 

dependent plane,11,25 and 3) the percentage of unventilated lung regions.11 To adjust 

for various body positions the gravity-dependent CoV was referenced to the CoV 

value representing homogenous (ideal) ventilation for that body position (calculated 

by ibeX), generating the ideal CoV to actual CoV difference (CoVI-A). CoVI-A 0 = 

homogenous ventilation; >0 ventilation inhomogeneity favouring the gravity non-

dependent lung; <0 ventilation inhomogeneity favouring the dependent lung (Online 

Supplementary Material [OSM] Figure 1).  

 

The true pattern of ventilation in the preterm lung is unknown. Based on previous EIT 

studies of preterm infants, 18 infants were required to detect a clinically meaningful 
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2% difference in gravity-dependent CoV (assuming a 3% SD, power 80% and alpha 

error 0.05).17 A convenience sample size of 40 infants was chosen to allow 

exploration of pre-allocated variables that may impact ventilation pattern; type of 

NIV, oxygen deficit at study (measure of acute disease severity), and indicators of 

developmental lung state (gestational age (GA) at birth, corrected GA, age at time of 

study). Finally, all these variables were compared with subsequent bronchopulmonary 

dysplasia (BPD) status at 36-weeks corrected gestation (modified Walsh criteria).26 

The relationship between these variables and CoV measures were compared with 

linear regression. All data were tested for normality, and additional analysis 

performed with appropriate categorical or continuous test. Welch correction or robust 

error cluster analysis (by infant) were applied as required. Statistical analysis was 

performed using Prism (v7.0, GraphPad, CA, USA) and a p value <0.05 considered 

significant. 

 

 

RESULTS 

During the study period, 109 infants were eligible. Forty were studied and provided 

complete data sets (4770 breaths; OSM Figure 2). The characteristics of the infants 

studied are described in Table 1. At time of study 32 infants were receiving CPAP, 

and 8 nHF. The range of CPAP distending pressure was 5-10 (median 7) cmH2O, and 

nHF flow rate 4-6 L/min. Infants receiving CPAP were more immature at birth, more 

likely to have been intubated and received exogenous surfactant, and had greater 

oxygen deficit and respiratory rate at time of study. Thirty-one infants were studied 

prone (30 CPAP), three supine (0 CPAP) and six were lateral (2 CPAP). The mean 

(SD) inspiratory time was 0.40 (0.14) s, with a mean (95% CI) difference between 
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CPAP and nHF of 0.07 (-0.01, 0.15) s (t-test). 

 

Table 1. Infant characteristics. 

 All; n=40 CPAP; n=32 nHF; n=8 
Demographic Characteristics  
GA at birth (completed weeks) 27 (2) 26 (2) 28 (2)* 
Corrected GA (completed weeks) 31 (2) 31 (2) 31 (1) 
Postnatal age (days) 28 (6, 67) 33 (8, 67) 12 (6, 66) 
Birth weight (g) 947 (226) 903 (178) 1123 (317) 
Weight at study (g) 1332 (311) 1336 (339) 1316 (168) 
Female, n (%) 19 (48%) 15 (47%) 4 (50%) 
Twins, n (%) 10 (25%) 8 (25%) 2 (20%) 
Respiratory Characteristics 
Intubated prior to study, n (%)  35 (88%) 30 (94%) 5 (63%)† 
Exogenous surfactant therapy, n (%) 34 (85%) 30 (94%)# 4 (50%)†† 
Caffeine on day of study, n (%) 37 (93%) 29 (91%) 8 (100%) 
Bronchopulmonary Dysplasia, n (%) 25 (63%) 22 (69%) 3 (38%) 
Cardiorespiratory status at study commencement 
FiO2  0.30 (0.21, 0.45) 0.30 (0.21, 0.45) 0.21 (0.21, 0.28)‡ 
SpO2 (%) 93 (4) 93 (3) 96 (5) 
SpO2/FiO2  345 (83) 321 (69) 443 (55)** 
Heart rate (bpm) 163 (12) 163 (13) 165 (10) 
Respiratory rate (breaths per min) 65 (30, 92) 68 (30, 92) 51 (37, 70) 
All data mean (SD), median (range) or number (%).  
Abbreviations: GA, gestational age; FiO2, Fraction of inspired Oxygen; SpO2, Peripheral oxygen 
saturation; bpm, beats per minute. 
# 10 infants received 2 doses of surfactant 
CPAP vs nHF: *p=0.011, **p=0.0001 (t test with Welch correction), ‡p=0.0001 (Mann-Whitney 
test), and †p=0.046, ††p=0.0095 (Fisher exact test) 

 

Distribution of ventilation  

Table 2 describes the CoV data. Ventilation was greater in the right lung, with a mean 

(SD) 69.1 (14.9)% of VT during each inflation occurred in the right lung. There was 

no difference between CPAP and nHF; 3.8 (-3.1, 10.7)% of VT.  

 

Overall, the relative VT delivered to the gravity-nondependent, central and gravity-
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dependent ROI of the chest differed (Figure 1; p<0.0001, repeated-measure 

ANOVA), even when adjusted for the different anatomical sizes of each ROI 

(p<0.0001). Ventilation was relatively greater in the non-dependent lung in infants 

receiving CPAP, and favoured the dependent lung in the eight infants receiving nHF, 

but the difference was not significant (p=0.058). CoVI-A by each nursing position are 

shown in OSM Table 1. 

 
Table 2. Uniformity of ventilation 

 All (n=40) CPAP (n=32) nHF (n=8) Difference 
CoVRL (%) 41.2 (7.4)% 40.7 (8.1)% 43.2 (3.5)% 2.5 (-1.4, 6.4)% 
Ideal (uniform) ventilation occurs at 46% of the distance from the most right-hand (0%) to 
left-hand (100%) lung regions. 
CoVI-A 1.4 (4.5) 2.0 (4.5) -1.1 (3.6) 3.1 (-0.1, 6.3) 
Ideal (uniform) ventilation occurs at 0, values >0 indicate relatively greater VT in the 
gravity non-dependent lung, and <0 the dependent lung 

Percentage of lung regions without any apparent tidal ventilation 
Whole lung 12.5 (5.7)% 12.3 (5.9)% 13.4 (4.9)% 1.1 (-3.3, 5.5)% 
Non-dependent 
lung 

6.9 (3.9)% 7.1 (4.2)% 6.2 (2.1)% 0.8 (-1.3, 3.0)% 

Dependent lung 5.6 (3.7)% 5.2 (3.7)% 7.1 (3.8)% 2.0 (-1.3, 5.3)% 
All data mean (SD) and differences mean (95% CI); t test with robust error. n = 

number of infants (4770 breaths total). 

Abbreviations: CoVRL, Centre of ventilation along the right to left plane; CoVI-A, ratio 

of actual to ideal centre of ventilation along the gravity dependent plane adjusted for 

body position at time of study. 

 

Relationship between uniformity of ventilation, oxygenation and developmental 

lung state 

There was no relationship between CoVRL and oxygenation (SpO2/FiO2 ratio), GA at 

birth and age at study (data not shown). Inhomogeneity of ventilation favouring the 

non-dependent lung was associated with worse oxygenation (Figure 2A). There was 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 6, 2020. ; https://doi.org/10.1101/2020.08.04.20168575doi: medRxiv preprint 

https://doi.org/10.1101/2020.08.04.20168575
http://creativecommons.org/licenses/by-nc-nd/4.0/


 11

no relationship between CoVI-A and GA, age at study, corrected GA, weight, birth 

weight and PEEP (Figure 2B and C, OSM Table 2). 

 

BPD status 

Twenty-five infants (62.5%) were assessed as later having BPD. Infants who later met 

the criteria for BPD were more immature and smaller at birth, but were older, heavier 

and had worse oxygenation at time of EIT study (Table 3). At the time of study, 

ventilation was more heterogenous, being greater in the non-dependent lung, and 

expressing greater variability in those infants who later developed BPD compared 

with those who did not. 

 

Table 3. Outcome measures at time of study and later bronchopulmonary 

dysplasia status.  

 No BPD (n=15) BPD (n=25) Difference 
CoVI-A -0.5 (2.2) 2.6 (5.1) 3.1 (0.7, 5.4) 
SpO2/FiO2 ratio 402 (73) 311 (69) 92 (44, 139) 
GA at birth (completed weeks) 28 (1) 26 (2) 2 (1, 3) 
Age at study (days) 11 (6, 33) 38 (10, 67) p<0.0001* 
Corrected GA (completed weeks) 31 (1) 30 (1) 1.5 (0.6, 2.3) 
Birthweight (g) 1084 (212) 865 (191) 219 (79, 360) 
Weight at study (g) 1193 (253) 1415 (317) 221 (36, 406) 
PEEP (cmH2O)† 6.8 (1.5) 7.1 (1.2) 0.3 (-1.5, 0.8) 
All data mean (SD) except median (range). All differences mean (95% CI) t test with Welch’s 

correction, except * Mann-Whitney test. † CPAP group only (10 no BPD, 22 BPD).   

 

 

DISCUSSION 

Non-invasive ventilation is the most commonly used type of respiratory support for 

preterm infants, but lacks reliable methods of measuring the impact on lung function. 
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In our observational study we demonstrated that readily available EIT measures of 

ventilation homogeneity can be used during NIV, and were related to disease and 

developmental state. Importantly, preterm infants exhibited ventilation inhomogeneity 

during NIV, with ventilation favouring the gravity non-dependent lung regions, a 

pattern acknowledged to be injurious in other groups.10,27,28 There was an association 

between worse oxygenation and relatively greater non-dependent ventilation 

inhomogeneity, suggesting that EIT may have merit in monitoring respiratory status 

and guiding care in the NICU.  

 

The primary purpose of this study was to describe the regional ventilation patterns in 

a representative group of stable preterm infants receiving NIV. We found that 

ventilation was greater in the right lung and the non-dependent lung, with high breath-

by-breath variability. This suggests that ventilation inhomogeneity favouring the non-

dependent lung, a well-described characteristic of acute parenchymal lung 

disease,19,29-33 persists beyond the period of initial surfactant-deficient RDS, and 

differs from the predominantly dependent ventilation pattern described in 

spontaneously breathing term infants.23,34 Ventilation inhomogeneity creates the 

potential for opposing mechanisms of ventilator-induced lung injury to occur 

simultaneously; atelectasis in poorly ventilated regions and volutrauma in over-

ventilated, even if the delivered overall VT is appropriate for gas exchange.9,10,28 

Preterm infants often receive NIV for prolonged periods,5 and ventilation 

homogeneity is rarely a treatment goal. Our study suggests the risk of injury to the 

under-developed preterm lung goes well beyond the period of acute RDS, and may 

have a role in the increasing rates of BPD.3,5 
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As expected, the study population did not have high oxygen needs. Thus, the finding 

that ventilation distribution along the gravity-dependent plane was associated with 

oxygenation, but not other parameters, is interesting. Oxygenation is the most 

commonly used parameter to guide respiratory support in the NICU,1 but is 

influenced by non-pulmonary factors, and rarely discriminates beyond identifying 

treatment failure or suitability of ceasing NIV. EIT measures of ventilation and 

aeration have been shown to be more accurate at differentiating suitability of pressure 

settings during high-frequency ventilation and NIV,18,19,30,35 Recently, EIT-guided 

PEEP titration, based on achieving ventilation homogeneity, has been demonstrated to 

improve oxygenation compared to existing approaches in acute respiratory distress 

syndrome.33 EIT may have an important role in optimising NIV, especially as setting 

PEEP/flow levels during NIV in preterm infants still lacks evidence-based 

approaches1 Although the goodness of fit was low (r2<0.5), there is a biological 

plausibility between increased ventilation heterogeneity and worse oxygenation that 

supports the use of EIT in the NICU and should be validated in larger studies. 

 

The majority of infants were receiving CPAP at the time of study, but 20% were 

being managed with nHF. Although CoVRL and COVI-A were more homogeneous in 

the infants studied during nHF these data likely reflect the lack of matching based on 

type of NIV, and the small number receiving nHF. Consistent with clinical practice 

broadly in Australia, infants receiving nHF had less severe lung disease before and at 

the time of study.5 CPAP and nHF deliver NIV via different mechanisms, but EIT 

ventilation patterns were the same in a cross-over study of nHF and bubble CPAP (24 

infants).36 We postulate that the role of spontaneous breathing and disease state will 

be more important to regional ventilation than type of NIV if applied appropriately.22 
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To date EIT studies in infants have been observational.11 In part this is due to the need 

to first describe the respiratory patterns of this poorly understood population in which 

diseases, lung development, interventions and clinical settings vary.4,7 Clinicians will 

require evidence that EIT offers the potential to modulate outcomes before 

widespread use,11 as has been demonstrated in animal studies.10,31,37 Current neonatal 

EIT systems now have real-time processing and simple non-adhesive belts that can be 

applied during multiple scenarios, and over prolonged periods of time.16,38 EIT has 

already been proposed as a simple radiation-free method of determining endotracheal 

tube location and air-leaks.11,39,40 The observation that gravity-dependent VT 

inhomogeneity differed between infants that developed BPD and those that did not is 

intriguing. This is especially so as inclusion in our study was based on feasibility, and 

a single measurement made at a non-standardised time point. An observation between 

ventilation inhomogeneity and later BPD status is purely exploratory but provides a 

justification to further investigate the ability of repeated EIT-measures of ventilation 

inhomogeneity from birth to predict BPD. The lack of an early biomarker of BPD risk 

when disease-modifying therapies may still be effective represents the largest single 

hurdle to meaningful impact on the long-term respiratory consequences of preterm 

birth.4,7  

 

This study has limitations not already highlighted. The eligibility criteria were broad, 

sample size based on feasibility and sub-group analysis intentionally exploratory. The 

clinical status of infants was not mandated at entry, and a diverse population was 

studied. This limits interpretation but, as this is the largest study of NIV ventilation 

patterns in preterm infants, does not diminish the key finding that highly variable 
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ventilation inhomogeneity is a feature of NIV. Our study will inform the design of 

larger studies that can account for the multi-factorial processes influencing BPD.7 We 

did not standardise infant position during the study, but did adapt our analysis to 

account for it. The majority of infants were studied prone, limiting the interpretation 

of the differences in COVI-A seen in the small numbers nursed in other positions. If 

nursing position does alter ventilation patterns this is important and requires further 

investigation. 

 

In conclusion, in our observational study, preterm infants generate high breath-by-

breath variability in regional ventilation during NIV even when clinically stable. 

Ventilation favoured the gravity non-dependent lung, with ventilation inhomogeneity 

associated with worse oxygenation. The degree of ventilation inhomogeneity 

increases lung injury potential in other populations, and may have use in guiding 

clinical care and identifying those infants at greatest risk of BPD when disease risk is 

modifiable. 
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Figure Legends 

Figure 1. A. Proportion (%) of VT occurring in the gravity-nondependent (ND; 

yellow), central (C; blue) and gravity-dependent (D; pink) ROI thirds of the lungs. B. 

Proportion of VT occurring in the thirds of the chest (using same symbols as Panel A) 

expressed as a ratio of the anatomical contribution (ventilation homogeneity ratio) of 

the gravity-nondependent (26.5%), central (40.7%) and gravity-dependent (32.8%) 

ROI thirds to the entire lung regions imaged. A value >1 indicates that VT was 

relatively greater in that region compared to the size of the region, <1 VT relatively 

less than the size of the region, and 0 = uniformity. C. Schematic of the shape of the 

lungs within the field of EIT imaging demonstrating the  gravity-nondependent, 

central and gravity-dependent regions and the absolute number of pixels (and 

percentage of lung) that each region contains. Infants only included if in supine or 

prone position, and adjusted for position (n=34). All boxes SD and line mean, error 

bars range. * p<0.0001 Tukey post test (repeated-measure ANOVA)  

 

Figure 2. Relationship between the gravity-dependent uniformity of ventilation 

(CoVI-A) SpO2/FiO2 at start of study (A; p=0.031, R2=0.12, linear regression), 

gestational age (GA, B; p=0.33, R2=0.02) and age at study (C; p=0.56, R2=0.01) for 

all 40 infants. A CoVI-A of 0 (dashed line) represents uniform ventilation, and a value 

>0 relatively greater VT in the gravity nondependent lung. Greater SpO2/FiO2 values 

represents better oxygenation. Solid line represents line of best fit (equation in panel; 

linear regression) and dashed lines the 95% CI. 
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Online Supplementary Material 
 

1. Supplementary Results 
 
OSM Table 1. Role of body position at study on CoVI-A.  
 

 Prone (n=31) Supine (n=3) 
Lateral 

Left side down 
(n=4) 

Right side 
down (n=2) 

CoVI-A (%) 0.6 (-3.5, 10.1) -2.8 (-2.9, 1.4) 4.2 (0.1, 17.3) -8.4, 1.9 

All data median (range) or values (right lateral). No statistical comparison was 
performed due to small group numbers in supine and lateral positions. 
 
  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 6, 2020. ; https://doi.org/10.1101/2020.08.04.20168575doi: medRxiv preprint 

https://doi.org/10.1101/2020.08.04.20168575
http://creativecommons.org/licenses/by-nc-nd/4.0/


 25

OSM Table 2. Relationship between CoVI-A and corrected gestational age, weights 
and Positive End-Expiratory Pressure (PEEP). 
 
 Slope y intercept R2 p value 

Corrected A 0.16 (-0.81, 1.13) -6.3 (-36.0, 23.4) 0.003 0.74 

Birthweight 0.004 (-0.002, 0.010) -5.3 (-11.5, 0.9) 0.043 0.20 

Weight at study -0.002 (-0.007, 0.003) 1.4 (-5.0, 7.7) 0.021 0.37 

PEEP* -0.77 (-2.02, 0.54) 3.4 (-5.9, 12.7) 0.046 0.24 

All data linear regression and error 95% CI. 
* infants only receiving CPAP (n=32) 
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OSM Figure 1. Study recruitment flow chart. 
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OSM Figure 2. Role of body position on location of ideal gravity-dependent centre 
of ventilation (CoV). To account for the differences in ideal gravity-dependent CoV 
all CoV data along the non-dependent (0%) to dependent (100%) plane were 
expressed against the ideal CoV representing uniform ventilation in that position. 
 
Position Schematic Non-dependant (0%) to 

dependant (100%) 
hemithorax  

Ideal CoV (non-
dependant to 
dependant) 

Supine 

 

Ventral lung to Dorsal 
lung 

55 % 

Prone 

 

Dorsal lung to ventral lung 45 % 

Right side 
down 

 

Left lung to right lung 54 % 

Left side 
down 

 

Right lung to left lung 46 % 
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