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SUMMARy

premature infants are at risk for low end-expiratory lung volume (EElv), which may compromise 

lung function and lead to respiratory failure. a loss of EElv in preterm infants is mainly caused 

by the immaturity of the respiratory system. however, nursing procedures and respiratory 

interventions may also impact EElv. there is increasing evidence that the changes in EElv are 

not always uniformly distributed across the lungs. these regional differences can contribute to 

secondary lung injury and chronic respiratory morbidity. accurate monitoring of EElv in preterm 

infants is therefore imperative. however, most conventional techniques for measuring lung 

volume changes have serious limitations, especially in preterm infants. this is probably the main 

reason why our knowledge on (regional) changes in EElv during all kinds of clinical interventions 

in preterm infants is very limited. Electrical impedance tomography (Eit) is a new and promising 

tool to measure (regional) changes in EElv in preterm infants. it is non-invasive, radiation free 

and can be applied at the bedside. previous studies have shown that the use of Eit is feasible 

in preterm infants and that it provides valuable information on lung volume changes in this 

population. in this thesis we took the next step in exploring the use of Eit in preterm infants, 

focusing more on the non-invasive respiratory intervention applied during daily clinical care.

Chapter 1 identifies the immaturity of the lung and chest wall as the most important causes 

of low EElv in preterm infants. this low EElv has serious consequences for lung function, 

such as decreased compliance, increased resistance, increased work of breathing and impaired 

gas exchange. furthermore, low EElv, especially when heterogeneous in nature, can lead 

to ventilator induced lung injury (vili). vili is considered an important risk factor for chronic 

respiratory morbidity also called bronchopulmonary dysplasia (Bpd). conventional lung 

volume monitoring tools such as chest X-ray, oxygenation, tracer gas techniques, whole body 

plethysmography and respiratory inductance plethysmography have important limitations in 

terms of clinical application, safety and completeness of measured data. it is because of these 

limitations that it is unclear how clinical procedures and different respiratory interventions affect 

EElv. furthermore, most studies to date have assessed invasive procedures whereas nowadays, 

respiratory interventions and support are increasingly applied in a non-invasive manner. in this 

chapter, Eit is presented as a non-invasive, radiation-free and bedside tool that continuously 

measures regional changes in lung impedance which correlate well to actual changes in 

aeration. previous studies have shown that Eit is feasible in preterm infants and provides 

valuable information on changes in lung volume, including EElv. most of these studies focused 

on preterm infants treated with invasive mechanical ventilation. considering these promising 

results, Eit also seems to be the ideal candidate to answer some of the unresolved questions 

concerning lung volume changes during less or non-invasive respiratory intervention in preterm 

infants. these questions are listed in the aims and outline of this thesis in chapter 2.



121

Summary, concluSionS and future perSpectiveS

9

Eit is increasingly used to monitor lung volume changes in preterm infants. it has been a matter 

of debate whether these lung volume changes measured in a cross-sectional slice of the lung by 

Eit are representative for the volume changes in the whole lung. this question is addressed in 

the study described in chapter 3, in which we simultaneously measured lung volume changes 

during a recruitment maneuver in high-frequency ventilated preterm infants with Eit and 

compare this to the lung volume changes in the whole lung measured with respiratory inductive 

plethysmography (rip). We demonstrate that there is a strong correlation between lung volume 

changes measured with Eit and rip with respect to EElv (mean r = 0.93 ± 0.05), tidal volume 

changes (mean r = 0.81 ± 0.18) and characteristics of the pressure-volume relationship – the 

upper inflection points of the inflation (r = 0.91, p < 0.01) and deflation limb (r = 0.83, p 

< 0.01). Based on these results, we concluded that the cross-sectional lung volume changes 

measured with Eit are indeed representative for the whole lung in preterm infants.

as previously described, Eit provides regional information on changes in lung volume. the 

clinical relevance of this important advantage of Eit is illustrated in chapter 4 where we describe 

the changes in Eit-images in a preterm infant less than 700-gram with unilateral atelectasis. Eit 

accurately detects the loss in tidal ventilation in the affected lung, which closely resembles the 

loss in aeration on the chest X-ray. 

invasive mechanical ventilation is associated with vili and the development of Bpd. for this 

reason preterm infants are extubated as soon as possible to nasal continuous positive airway 

pressure (ncpap) and often placed in prone position. the effects of these interventions on 

lung volume are presented in chapter 5 in which we demonstrate that infants are able to 

maintain their EElv, with an increased tidal volume after extubation to ncpap. prone position 

further increases EElv, preferentially in the dorsal lung regions, while respiratory rate and 

minute ventilation decreases. ventilation distribution was more homogeneously distributed in 

prone position, with a shift of ventilation to the ventral regions compared to supine position. 

the results of this study suggest that endogenous mechanisms (upper airway control) enable 

preterm infants to maintain their EElv following extubation from mechanical ventilation to 

ncpap and that infants should preferably be placed in prone position after extubation.

although non-invasive support modalities like nasal continuous positive airway pressure (ncpap) 

and nasal intermittent positive pressure ventilation (nippv) are often used in daily clinical 

practice, their effect on regional lung volume changes have been poorly studied. Chapter 6 

describes that increasing ncpap from 2 to 6 cmh2o results in a homogeneous increase in EElv. 

respiratory inductive plethysmography measurements also show an increase in tidal volume 

and a decrease in breathing asynchrony and respiratory rate at higher ncpap. tidal ventilation 

followed a more physiologic distribution at higher pressures. unsynchronized biphasic positive 

airway pressure (Bipap) results in a small increase in EElv with no changes in tidal volume or 
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its distribution compared with ncpap. these results suggest that adequate ncpap improves 

homogeneous distribution of tidal ventilation and that nippv using the Bipap mode does not 

affect tidal volume during spontaneous breathing.

minimally invasive surfactant therapy (mist) has been increasingly investigated as a less invasive 

alternative for surfactant treatment during mechanical ventilation. during mist, surfactant is 

administered via an endotracheal catheter, which is placed just below the vocal cords, allowing 

spontaneous breathing during non-invasive respiratory support. Chapter 7 demonstrates 

a rapid and sustained increase in EElv starting within 5 minutes after mist in 15 preterm 

infants. this increase in EElv is initially located in the dorsal lung regions, followed by the non-

dependent regions approximately 5 minutes later. oxygenation, expressed as the spo2/fio2 

ratio, significantly increased and was significantly correlated with the change in EElv (ρ = 0.70, 

p<0.01). tidal volume and minute volume decreased significantly after mist, but tcpco2 was 

not different compared to pre-mist values. ventilation distribution remained unchanged. these 

results indicate that mist improves oxygenation by a homogeneous increase in EElv and, from 

a physiological point of view, is a good alternative for conventional surfactant treatment during 

invasive respiratory support.

Chapter 8 describes the effects of prolonged lateral positioning in 15 stable preterm infants 

treated with non-invasive respiratory support. infants were placed in supine position and 

subsequently transferred to right or left lateral position, according to their individual routine 

nursing schedule. lung volume changes were recorded until 180 minutes after the positional 

change. EElv increased significantly after changing to lateral position, stabilizing after 30 

minutes. this change preferentially took place in the non-dependent lung regions, while EElv 

in the dependent regions remained stable. there were no changes in tidal volume, oxygenation 

or respiratory rate. changing to the right, but not the left, lateral position resulted in a rapid 

but transient shift in ventilation to the dependent lung regions. these results indicate that 

prolonged (3 hours) placement in lateral position, as part of normal nursing care, is safe in terms 

of lung volume changes and its regional distribution.

COnClUSIOnS

in conclusion, this thesis provides new and important information on lung volume changes 

measured by Eit in response to clinical procedures and respiratory interventions in preterm 

infants. 

first of all, it once again shows that Eit monitoring is feasible in preterm infants and, more 

importantly, adds support to its use because the volume changes measured in the slice are 

representative for the whole lung in preterm infants. second, it provides a clear example of 
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how regional information obtained with Eit can assist the clinician in detecting asymmetry 

in lung ventilation as, for instance, seen in case of unilateral atelectasis. third, it improves 

our understanding of preterm lung physiology and the effect of different less or non-invasive 

respiratory interventions, such as ncpap, nippv, mist, and body positioning. this information 

can be used to select the optimal intervention for common clinical problems in preterm infants. 

FUTURE PERSPECTIVES

from a research perspective, there are still many questions that need to be resolved with the help 

of Eit. first of all, several new modes of respiratory support such as humidified high-flow nasal 

cannula (hhfnc) and closed-loop inspired oxygen delivery are currently being implemented in 

daily clinical practice. it is imperative that we understand the physiological consequences of 

these and future modes of respiratory support before moving on to large clinical (outcome) 

trials. second, this thesis has focused mainly on infants with relatively healthy lungs or with 

homogeneous lung disease. it would be very interesting to investigate whether the results of 

this thesis are also applicable to infants with other, more heterogeneous causes of respiratory 

failure. finally, future studies will have to assess whether the use of Eit in daily clinical practice 

will also improve respiratory outcome of preterm infants. 

Before Eit can be widely implemented in daily clinical care and the impact on respiratory morbidity 

can be assessed in randomized trials, much work is needed to transition Eit from a research- to 

a routine clinical monitoring tool in the neonatal intensive care unit. to successfully introduce 

Eit in daily clinical practice a number of (practical) limitations need to be overcome. first, the 

measurement interface has to be simplified. currently, Eit measurements in preterm infants 

require placement of 16 hand-trimmed electrodes, equidistantly on the thorax. Especially in 

very low birth weight infants, this is a cumbersome process requiring a certain level of expertise. 

moreover, using separate surface electrodes increases the risk of detachment, especially in 

warm, humid environments of an incubator. these problems could be solved by developing a 

more practical interface such as an electrode jacket or belt. second, Eit data is currently only 

available off-line. for rapid detection of regional changes in ventilation distribution, algorithms 

need to be developed that provide on-line information, directly available to guide treatment at 

the bedside. 


