
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Ventilator induced lung injury in models of neonatal respiratory failure. The role
lung protective ventilation and surfactant

van Kaam, A.H.L.C.

Publication date
2004

Link to publication

Citation for published version (APA):
van Kaam, A. H. L. C. (2004). Ventilator induced lung injury in models of neonatal respiratory
failure. The role lung protective ventilation and surfactant. [Thesis, fully internal, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/ventilator-induced-lung-injury-in-models-of-neonatal-respiratory-failure-the-role-lung-protective-ventilation-and-surfactant(b55e0fcc-1552-430c-9fc7-b9bc63b64f3d).html


chapter r 

Summary,, conclusions and future perspectives 





Summary,, conclusions and future perspectives 

Summary y 
Chapterr 1 provides a review on the role of mechanical ventilation and surfactant therapy 

inn neonatal respiratory failure. The main causes of neonatal respiratory failure are discussed 

includingg the available experimental and human data on the treatment with mechanical 

ventilationn and exogenous surfactant. This chapter also summarizes the pathophysiology of 

ventilator-inducedd lung injury (VILI), including the role of surfactant. Using this knowledge, 

basicc principles for lung protective ventilation, thé open lung concept (OLC), are discussed 

andd the current status of clinical implementation in both neonates and adults is summarized. 

Finally,, experimental and human data on the effect of exogenous surfactant on lung mechanics 

andd VILI are presented and the possible interactions with OLC ventilation are discussed. 

Basedd on this review, unresolved issues on lung protective ventilation and surfactant 

therapyy are identified and these form the basis for the aims of the studies in this thesis, as 

presentedd in chapter 2. 

Chapterr 3 explores the effect of OLC ventilation using both positive pressure ventilation 

<PPV0LC)) and high-frequency oscillatory ventilation <HFOVOLC) on gas exchange and VILI in 

newbornn piglets. After inducing surfactant-deficiency by whole lung lavage, the piglets 

weree ventilated for 5 hours using either PPV0LC, HFOVOLC, or conventional PPV (PPVC0N). We 

demonstratedd that compared to PPVC0N, both OLC groups optimized gas exchange, 

preservecjj | u n g mechanics and attenuated VILI assessed by alveolar protein influx and 

histologicc lung injury. There were no differences between PPV0LC and HFOVOLC, emphasizing 

thatt the ventilation strategy (OLC) is more important than the ventilation mode. 

Chapterr 4 describes the effect of different ventilation strategies on pulmonary inflammation. 

Surfactant-deficientt newborn piglets were subjected to either PPV0LC, HFOVOLC, or PPVC0N. 

Lungg lavage obtained after 5 hours of ventilation showed increased polymorphonuclear 

neutrophilee influx, and higher levels of interleukin-8 and thrombin activity in the PPVCON 

groupp compared to both OLC groups. However, tumor necrosis factor alpha was not different 

betweenn the three groups. Again, PPV0LC and HFOVOLC showed comparable results. 

Thee study in chapter 5 investigated the effect of different ventilation strategies on the 

efficacyy of exogenous surfactant. Surfactant-deficient newborn piglets were ventilated for 

55 hours using either PPV0LC, HFOVOLC or PPVC0N. Prior to the initiation of ventilation, animals 

receivedd either 100 mg/kg surfactant, 25 mg/kg surfactant or a bolus of air (control 
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group).. OLC ventilation improved oxygenation and lung mechanics, and attenuated VILI 

independentt of the surfactant dose. Surfactant did allow a dose-dependent reduction in 

ventilationn pressures during OLC ventilation. Decreasing the surfactant dose during PPVC0N, 

resultedd in deteriorating oxygenation and lung mechanics and increased VILI. However, 

1000 mg/kg surfactant seemed to have a protective effect during PPVC0N, as gas exchange 

andd VILI approached the OLC group. Independent of the surfactant dose, PPVC0N resulted 

inn higher conversion rates of active large aggregates to inactive small aggregate surfactant 

comparedd with both OLC groups. Finally, increasing the dose of exogenous surfactant 

seemedd to upregulate interleukin-8 levels in lavage fluid in all ventilation groups. 

Chapterr 6 presents a study in which meconium aspiration syndrome (MAS) was induced 

inn newborn piglets by intratracheal injection of a human meconium solution (25 mg/ml). 

Animalss were thereafter subjected to 5 hours of ventilation using either PPV0LC, HFOVOLC, 

orr PPVC0N. We demonstrated that OLC ventilation can also be successfully applied during 

ann inhomogeneous lung disease such as MAS. OLC showed superior gas exchange, superior 

lungg mechanics, less inflammation (myeloperoxidase activity), and less histologic lung 

injuryy compared to PPVCON. Again, there were no differences between PPVOLC and HFOVOLC. 

Inn chapter 7 we explored the role of surfactant in experimental group B streptococcal 

(GBS)) pneumonia. Newborn piglets received a solution of GBS intratracheally during 

differentt surfactant conditions. These conditions were manipulated through whole lung 

lavagee and exogenous surfactant containing surfactant proteins B and C. The animals 

weree ventilated with either PPVCON or PPV0LC for 5 hours. This study showed that surfactant 

reducess bacterial growth in the lung and bacterial translocation from the lung to the 

bloodstreamm compared with surfactant-deficient lungs. This effect was also seen during 

OLCC ventilation, which seems to indicate that a surfactant-induced reduction in atelectasis 

iss one of the mechanisms responsible for these microbiological changes. A combination 

off surfactant and OLC prevented bacterial translocation, again emphasizing the important 

rolee of surfactant in alveolar-capillary permeability. 

Broncho-alveolarr lavage fluid and blood samples obtained after 5 hours of ventilation in 

thee same group of animals as described in chapter 7, were more extensively analyzed in 

chapterr 8. We measured tumor necrosis factor alpha and interleukin-8 in lavage fluid 

andd serum, and assessed polymorphonuclear leukocyte activation by measuring 
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myeloperoxidasee levels in lavage fluid. OLC ventilation during pneumonia attenuated 

cytokinee production and polymorphonuclear leukocyte activation. In contrast to in vitro 

studies,, exogenous surfactant did not suppress cytokine production in this in vivo model 

off neonatal pneumonia. None of the interventions influenced serum concentrations of 

tumorr necrosis factor alpha and interleukin-8, which were low in all groups. 

Conclusions s 
Inn conclusion, the studies in this thesis demonstrate that OLC ventilation, applied during 

differentt models of lung injury in newborn piglets, optimizes gas exchange, preserves 

lungg mechanics and attenuates VILI compared with PPVC0N. In contrast to conventional 

ventilation,, OLC ventilation interacts differently with exogenous surfactant, showing less 

dose-dependencyy in the improvement of oxygenation and the attenuation of VILI, and 

betterr preservation of the administered surfactant. In addition, we showed that during 

experimentall pneumonia, both surfactant and OLC ventilation reduce bacterial growth 

andd local inflammation in the lung, and the translocation of bacteria from the lung into 

thee bloodstream. 

Probablyy the most important finding of this thesis is the fact that we found no differences 

betweenn OLC ventilation using either positive pressure ventilation or high-frequency 

oscillatoryy ventilation. This finding again shows that the ventilation strategy (OLC) is the 

mostt important variable in the attenuation of VILI, and not the ventilator mode (PPV or 

HFOV). . 

Futuree perspectives 
Too date, most neonates are ventilated with PPV using positive end-expiratory pressure 

levelss below 5 - 6 cmH20 and ventilatory rates below 60 breaths/min. Although extra-

polationn óf animal data to humans should be done with caution, this thesis shows that 

thesee settings are potentially harmful to the surfactant-deficient lung. Furthermore, this 

ventilationn strategy may increase the risk of ventilator-associated pneumonia and subsequent 

sepsis,, compared with OLC ventilation. Applying the OLC during PPV seems to be feasible, 

andd the results of this thesis warrant further exploration of the OLC during PPV in the 

treatmentt of neonatal respiratory failure. If successful, a randomized controlled clinical 

triall should evaluate the effect on chronic lung disease before implementation into daily 

clinicall care. Future randomized controlled clinical trials exploring the effect of other 

ventilationn modes (e.g. high frequency ventilation, proportional assist ventilation, volume-
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guaranteedd ventilation) on chronic lung disease, should also clearly define the ventilation 

strategyy used during ventilation. The results from this thesis seem to indicate that if these 

modess are not combined with the OLC, the reduction in the incidence of chronic lung 

diseasee will probably be small. 

Thee present thesis also shows that the changes in ventilation strategy will probably also 

influencee the efficacy of exogenous surfactant. Randomized controlled clinical trials re-

evaluatingg the timing and dosing regimes of exogenous surfactant during OLC ventilation 

willl have to confirm these animal data in newborn infants. 
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