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HYPOTHESIS

Aeration and fluid resorption in neonatal lungs during transition after birth have a predictable pattern that can be described by serial lung ultrasound images. 
AIM

To characterize changes in lung ultrasound images from birth in healthy term and late preterm infants.  
RESEARCH PLAN 
This will be a single centre observational study at the Royal Women’s Hospital. We plan to obtain serial lung ultrasound images in infants at low risk for needing resuscitation starting with an exam prior to 10 minutes of life, at 20 minutes of life, at 1 hour of life, 2 hours of life, 4-6 hours of life, and at 24-72 hours of life (targeting the exam close to the time of discharge). Lung ultrasound examinations will be brief. 
PRIMARY OBJECTIVE 

To determine if ultrasound images of the lungs have predictable changes during the first few hours of life in healthy term and late preterm babies. 

SECONDARY OBJECTIVES 

1) To determine the proportion of babies with aerated lungs at designated time points listed in the research plan. 
2) To determine the average time to a fully aerated lung based on ultrasound imaging. 

3) To correlate the degree of lung aeration with the heart rate (HR) and saturation of peripheral oxygen (SpO2). 
4) To determine the time needed to perform a lung ultrasound exam that yields clean images easily reviewed by blinded expert sonographers. 

5) To document abnormalities of lung pathology using ultrasound. 
RATIONALE 
Lung ultrasound has shown promise as a powerful diagnostic tool for evaluation of the neonatal lung.
 ADDIN EN.CITE 
[1-12]
 During birth, the infant must transition from a fluid filled lung that depends on the placenta for oxygenation and the elimination of carbon dioxide to an aerated lung that successfully exchanges gases.[13] Lung ultrasound may be performed by the bedside clinician in real time with minimal delay, may be easily repeated during clinical changes and treatments, and does not expose the baby to radiation.
 ADDIN EN.CITE 
[14, 15]
 

Ultrasound examination of the lung depends on attenuation of sound waves and interpretation of characteristic artifacts (Figure 1).
 ADDIN EN.CITE 
[1, 6, 8, 12, 16]
 Ultrasound beams penetrating an unaerated, fluid filled lung create true ultrasound images as the density of fluid changes between the pleural line and the lung parenchyma. Traditionally, the interference of sound waves caused by air in the lungs has discouraged the use of lung ultrasound as a diagnostic tool. However, ultrasound beams passing through an aerated lung will produce characteristic artifacts because of the acoustic impedance of air, tissue, and fluid in close proximity. These characteristic artifacts can interpreted for diagnostic purposes. 
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Figure 1: Lung ultrasound images from Raimondi, et al.[2] The lung gets progressively more aerated and dry moving left to right. Left; White-out lung, represents coalescence of lung tissue seen in unaerated, fluid filled lungs (type 1). Centre; Vertical B-lines arising from the pleural line, showing progressive fluid to air progression of the transitioning neonatal lung (type 2). Left; Aerated neonatal lung with horizontal A-lines (type 3), note, normal lung motion with respirations, called lung sliding of the pleural line, is a necessary component of determining type 3 lung appearance. 
Currently, there are no studies that describe the appearance of lung ultrasound as the baby transitions from the womb. The initial step is to determine if lung ultrasound is a useful, practical diagnostic tool is to test our hypothesis is that serial lung ultrasound examinations can describe the neonatal progression of lung aeration and fluid resorption during the first few hours of life in health term and near term babies.  
BACKGROUND 

Ultrasound examination of the lung depends on attenuation of sound waves and interpretation of characteristic artifacts at the ultrasound beam passes through tissue, fluid and air in close proximity.
 ADDIN EN.CITE 
[1, 6, 8, 12, 16, 17]
 Litchenstein and Mauriat summarized key principles of lung ultrasound and several standardized signs for interpretation of images in the neonate.[8] As artifacts are the basis of lung ultrasound, experts recommend using a simple, portable lung ultrasound machines in grayscale without filters that correct for artifacts. All common signs of lung ultrasound arise from the pleural line seen as a hyperechoic (bright white), horizontal line between the dark, hypoechoic, acoustic shadow created by the ribs. Several important lung pathologies, including pneumothorax, pleural effusions, consolidations, and interstitial syndromes involve the pleura, which is visible via ultrasound. In addition, lung ultrasound can capture the movement of the lung which can help differentiate lung pathologies. 
The common lung ultrasound signs have been developed in adult studies using CT scans for validation.
 ADDIN EN.CITE 
[8, 18]
 The “bat sign” describes the appearance of white, hyperechoic pleural line dipping below the hypoechoic, black rib shadows that resembles a bat in flight. Lung sliding is the normal movement of the pleural line with respirations or ventilation that can be seen on 2-D video clips and in M-mode (figure 2). The degree of lung aeration and fluid can be graded as type 1, 2, or 3 (figure 1).  Type 1 represents consolidated, white-out lungs seen in RDS. The type 1 lung is the only true lung ultrasound image as the ultrasound beam passes through fluid and tissue, not air. Type 2, which is the presence of vertical B-lines arising from the pleural lines (“lung rockets” or “comet tails”), represents interstitial disease or partial aeration and fluid resorption in the neonatal lung. Type 3, indicated by A-lines with the presence of lung sliding, represents an aerated, dry lung expected to be seen in healthy lungs. A-lines are artifacts created by ultrasound beams hitting air. Ultrasound beams reverberate off of the air and create a series of horizontal, hyperechoic lines that are equidistant to the distance between the skin and pleural. A-lines are also seen in pneumothorax. Healthy lung and pneumothorax can be differentiated by the presence of lung sliding in the healthy lung, seen as the “seashore sign” on M-mode. If there is a pneumothorax, lung sliding is obliterated and the “seashore sign” is replaced with a “stratosphere sign” (figure 2). 
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Figure 2: Right, M-mode and 2-D images showing the “seashore sign” of “waves” on top of the image
hitting the “beach” underneath which represents normal lung sliding. The image also shows consolidated
B-lines creating a white-out appearance of a lung with RDS (type 3). Left: The “seashore” is obliterated by
horizontal lines creating the “stratosphere sign” on M-mode, difficultto see the pleural line and a lack of
lung movement. The corresponding 2-D image shows A-lines. Together the degree of aeration with a lack
of lung sliding indicates a pneumothorax.




Figure 2:  Left, M-mode and 2-D images showing the “seashore sign” of “waves” on top of the image hitting the “beach” underneath which represents normal lung sliding. The image also shows consolidated lung with RDS creating a white-out appearance (type 3). Left: The “seashore” is obliterated by horizontal lines creating the “stratosphere sign” on M-mode, which is due to a lack of lung movement. The corresponding 2-D image shows A-lines. Together the presence of A-lines, no B-lines, and a lack of lung sliding indicates a pneumothorax.

Lung ultrasound has been used by emergency and intensive care services to diagnose, characterize, and treat air leaks in adult populations.
 ADDIN EN.CITE 
[19-24]
 Using CT scans as the gold standard to diagnose pneumothorax, Overland and colleagues showed lung ultrasound was superior to x-ray.
 ADDIN EN.CITE 
[20]
 In an adult porcine model, the accuracy of lung ultrasound to diagnose and characterize pneumothorax was compared favorably to CT scan. In this model, the pneumothorax was created by introducing air into the intrapleural space.
 ADDIN EN.CITE 
[21]
 Additional uses of lung ultrasound in the adult population include diagnosing acute respiratory failure, managing circulatory failure, and decreasing exposure to radiation in the adult populations.
 ADDIN EN.CITE 
[24, 25]

In newborns, lung ultrasound has been reported to predict which babies will need admission to the NICU, which preterm babies will receive surfactant, and to characterize the appearance of transient tachypnea of the newborn, meconium aspiration syndrome, and the appearance of the lungs after surfactant administration.
 ADDIN EN.CITE 
[2-7, 11]

Despite the successes of these pilot studies, currently there are no studies that describe the appearance of lung ultrasound as the healthy baby transitions from the womb. Our hypothesis is that serial lung ultrasound examinations can describe the neonatal progression of lung aeration and fluid resorption during the first few hours of life in healthy term and late preterm babies.  
STUDY POPULATION:
All inborn infants ≥33/40 weeks gestation, who are not expected to require respiratory support at birth, are eligible for this study. Antenatal consent from the parents will be required for enrolment. 

EXCLUSION CRITERIA:
Infants will be excluded from analysis if they have a congenital abnormality. Infants will be excluded if their parents decline to give consent to this study. If there are signs of respiratory compromise or distress after birth, data collection will be delayed and ventilatory support given according to the Australian Neonatal Resuscitation guidelines.
 ADDIN EN.CITE 
[26, 27]
 Infants who receive respiratory support for a brief period of time may still be eligible with the agreement of the clinician in charge of the infant’s care. 
RESEARCH PROTOCOL 
This is a prospective, observational study of spontaneously breathing term and late preterm infants in the delivery room. The primary outcome will be to determine if ultrasound images of the lungs have predictable changes during the first few hours of life. 
Antenatal consent will be obtained from the parents prior to enrolment after admission to birth suites and initial assessment of the obstetric team or during the final prenatal visit. Consent will only obtained if not in established labour. 
Ultrasound images will be obtained using the Vividi (GE Healthcare, Wauwatosa, USA). An investigator will perform serial lung ultrasound exams, recordings 3-5 second clips of the right and left lung fields using 2D imaging and M-mode. The lung ultrasound exams will be brief. We will use a timer to limit exams to 2 minutes or less from the time of placing the ultrasound gel on the baby’s skin. Lung ultrasound exams will be performed at 6 time points: less than 10 minutes of life, 10-20 minutes of life, 1 hour of life, 2 hours of life, 4-6 hours of life, and 24-72 hours of life (the final exam targeting the time frame closest to discharge). If the lungs appear to have reached full aeration on two consecutive exams by the ultrasonographer (bilateral presence of A-lines with normal lung sliding, see figure 1, right panel), the study will be considered complete and no further images will be obtained. Prior to application to the baby’s skin, the ultrasound gel will warmed by placing it on a clean gauze under the radiant warmer in the patient’s room. After the exam, the ultrasound will be removed from the baby’s skin. 
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Figure 3: Model of an ultrasound exam while the newborn is being held by the mother using the Vividi. 

At the one hour exam, ultrasound images of the will be obtained from the anterior, axillary, and posterior chest of the baby. The purpose of obtaining additional images at the one hour exam will be to test if there is a difference in lung aeration and fluid clearance with the probe positioned at different areas of the chest. In a study of 154 term and late preterm babies, Raimondi and colleagues performed lung ultrasound exams at 1-2 hours of life. Nine percent, 30%, and 61% had type 1, 2, and 3 lung ultrasound findings respectively.[3] Therefore, the one hour exam may be ideal to compare images in different sections of the chest because of the variety of lung aeration grades and less potential to interfere with maternal bonding. The information obtained from the additional images will help standardize the lung ultrasound exam. The one hour exam will be limited to 5 minutes.
Lung ultrasound clips will be independently collected by an investigator (DB). Two 2-D clips and 2 images captured with M-mode for each exam will be de-identified, coded, and blindly graded by 3 consultants with expertise in ultrasonography (LF, OK, SR). The degree of lung aeration will be assigned based on the grade of these images at type 1, 2, or 3 using a previously published grading system (see figure 1).
 ADDIN EN.CITE 
[1-3, 12]
 In the event of a disagreement among the blinded consultants, if 2/3 consultants agree, that grade will be assigned. If all three consultants assign a different grade, we will review the images openly in a group discussion. We will test inter-rater reliability of characterizing lung ultrasound images as type 1, 2, or 3 by having the three blinded ultra-sonographers independently evaluate each ultrasound clip using a Spearman’s rank-order test. 
Before the ultrasound exams, we will place a pulse oximetry sensor on the baby’s right hand or wrist to measure the baby’s heart rate and oxygen levels. These measurements can be obtained while the baby is on the mother’s chest or being held by the family. Heart rate and SpO2 will be obtained using either an NM3 Respiratory Profile Monitor (Philips Respironics, The Netherlands) or Radical 7 pulse oximeter (Masimo, California, USA). The heart rate, and SpO2 will be converted from analog to digital signal for statistical analysis. Measurements recorded will be analyzed using SPSS Statistics (Chicago, USA) for statistical analysis. The pulse oximeter will be applied to the baby’s right hand or wrist at each prior to each of the ultrasound examinations and be removed after the ultrasound exam is finished. If available, we will also record the umbilical arterial cord blood gas for analysis. 
If the investigators observe any concerning findings on lung ultrasound (evidence of pneumothorax or effusion) or pulse oximetry, they will immediately notify the clinical team caring for the baby. 

Our goal is obtain the desired data without altering the experience of the parents as they introduce a new member to their family and to avoid any interference with the clinicians caring for the baby. The lung ultrasound exams may be performed on the warming bed with the agreement of the clinician caring for the baby. If the clinical team decides that the baby is well enough to be moved from the warming bed to be with the mother, lung ultrasound exams can also with the infant on the mother’s chest or while being held by a family member. If the baby cannot be held by the mother (or other family member) but the baby can be positioned close to the mother, there will be a dedicated research trolley with a warming mattress available to place the baby as close as possible to the mother for lung ultrasound exams. The natural transition of the healthy newborn includes bonding with the mother after birth. The study should not preclude skin to skin contact of babies or breastfeeding with their mothers in the first ten minutes of life.
We will review the data collected after enrolling 10 and 50 babies. The purpose will be to review for adverse outcomes, quality of ultrasound images, efficacy of data collection and grading. Specifically, we will monitor the baby’s first temperature collected by the clinical team, the potential of interfering with patient care, review the quality of ultrasound images using different exam techniques and settings (like location of ultrasound probe, gain, and depth), and the inter-relater reliability. 
The research team has over 10 years of experience studying neonatal transition in the delivery room The measurements obtained from this cohort of babies constitutes an observational study. This data will provide valuable information on the appearance of the lungs on ultrasound from birth through the first day of life and may serve as crucial baseline data for future interventional studies intended to improve respiratory care of newborns. 
STUDY PERIOD AND DATA ANALYSIS:
Infants will be recruited over a period of 12 months. Approximately another month will be required to collect hospital data on all infants enrolled. Medical data on each infant will be collected on Case Report Forms (Patient Data Form, DOLFIN Study, included). De-identified information will be collected via the Vividi ultrasound machine and heart rate and SpO2 will be obtained using either an NM3 Respiratory Profile Monitor (Philips Respironics, The Netherlands) or Radical 7 pulse oximeter (Masimo, California, USA). All information will then be entered into Stata database for analysis. 
The primary objective for this study to determine if ultrasound images of the lungs have predictable changes during the first few hours of life in healthy term and late preterm babies. Lung ultrasound images will be independently collected by an investigator (DB) and blindly graded by 3 consultants with expertise in ultrasonography (LF, OK, SR). The degree of lung aeration will be assigned based on the grade of these images at type 1, 2, or 3 using a previously published grading system.1,3,5 In the event of a disagreement among the blinded consultants, if 2/3 consultants agree, that grade will be assigned. If all three consultants assign a different grade, we will review the images openly in a group discussion. We will test inter-rater reliability of characterizing lung ultrasound images as type 1, 2, or 3 by having the three blinded ultra-sonographers independently evaluate each ultrasound clip using a Spearman’s rank-order test. 
Comparisons of lung appearance on ultrasound (type 1, 2, or 3), RR, HR, and SpO2, at single time points will be analyzed using repeated measures analysis of variance (ANOVA) for normally distributed data and the Friedman test for non-parametric data. A paired T-Test will be used to compare normally distributed data and a Wilcoxon signed-rank test was used to compare non-parametric data. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of lung ultrasound images to show tachypnea (RR>70/min) will be calculated at the designated time points. 
RECRUITMENT
The co-investigators will all be involved in recruitment. Consent will be sought after admission to birth suites and initial assessment of the obstetric team or during the final prenatal visit in the case of routine caesarean sections. Consent will only obtained if the mother is not in established labour. 
The Human Research and Ethics Committees of The Royal Women’s Hospital have previously granted permission to pursue delivery room studies of healthy newborns not expected to need resuscitation. For example, Schmölzer et al. measured and correlated exhaled carbon dioxide during different breathing patterns during the first 90 seconds of life in 20 infants (RWH Research & Ethics application number 34/2010)
 ADDIN EN.CITE 
[28]
 and te Pas et al. recruited 41 infants to describe different patterns of breathing at birth[29] (RWH Research & Ethics application number 7/23). In these studies, no infant required positive pressure ventilation or other resuscitation maneuvers apart from routine drying, warming, and stimulation (N=61).
SAMPLE SIZE AND POWER CALCULATION:
This is the first study that attempts to characterize and define the appearance and movement of the neonatal lung using ultrasound in spontaneously breathing infants from birth through the first hours of life. We plan to recruit a convenience sample of 150 infants, 100 term infants (>37 weeks gestational age) and 50 late preterm infants (33-36 weeks gestational age). We will recruit 75 infants born via vaginal delivery (50 term infants and 25 late preterm infants) and 75 infants born via caesarean section (50 term infants and 25 late preterm infants), during a 12 month period of study. 
We hypothesis that the timing of clearance of lung fluid and the establishment of lung aeration may be different via different modes of delivery and may be different for different gestational ages. There is literature to support that babies delivered via elective caesarean section will have a higher risk of transient tachypnea of the newborn and babies delivered via caesarean section secondary to failure to progress will have a higher risk of respiratory distress syndrome.
 ADDIN EN.CITE 
[30]
 

We also feel that there we will be able to safely recruit and study late preterm babies without interfering with patient care. Babies born 33-36 weeks have an increased risk of NICU admission for respiratory distress. We hypothesize that the clearance of lung fluid and establishment of aeration will be slower in these babies as well. Recruitment of babies born between 33-36 weeks may be more challenging than term babies. We felt that starting with 50 instead of 100 babies in the lower gestational age range would allow us enough time to complete the data collection. 
According the RWH annual report, there were over 7,000 deliveries in 2013, over 5,000 of which would be eligible to approach for consent. We believe that obtaining serial lung ultrasound images of 150 patients will allow us to obtain sufficient data to describe the appearance and movement of the neonatal lung from birth to the completion of transition from the womb.
SIGNIFICANCE:
Ten percent of babies born worldwide will require assistance to breath in the first minutes of life.


[16, 27, 31-35] ADDIN EN.CITE  Establishing breathing and oxygenation as soon as possible is vital for the survival and long-term health of newborn infants. According to the current Australian and New Zealand Neonatal Network annual report, 2.5% of all babies were admitted to the NICU, more half of these babies were over 32 weeks gestation and over 90% of these babies received respiratory support.[36] Lung ultrasound may offer a simple, rapid diagnostic tool for diagnosis and treatment in babies who will need respiratory support without exposure to radiation.


[14, 15] ADDIN EN.CITE 
We also theorize that lung ultrasound may be an accurate method to describe the transition of the neonatal lungs from the womb, which is dependent on fluid resorption and establishment of lung aeration.[13] No previous study has attempted to characterize neonatal transition with serial lung ultrasound examinations. This study may add to the physiologic understanding of the changes in the baby’s lungs after birth. 
The intention of this observational study is to define expected appearance and movement of the neonatal lung during transition, so that the utility of lung ultrasound examinations can be tested in subsequent clinical trials. With the knowledge gained about the appearance and movement of lung ultrasound in the first minutes after birth, more efficient ways of evaluating and providing respiratory support for infants can be developed. Lung ultrasound can performed by the clinician at the baby’s bedside and interpreted in real time and can be repeated in subsequent, quick exams without the potentially radiation of an x-ray. 


[14, 15] ADDIN EN.CITE  Ultrasound is widely available in virtually all birth centers in Australia and lung ultrasound may be a practical modality of monitor the respiratory status of a baby after birth.[37]
References:

1.
Raimondi, F., L. Cattarossi, and R. Copetti, International Perspectives: Point-of-Care Chest Ultrasound in the Neonatal Intensive Care Unit: An Italian Perspective. NeoReviews, 2014. 15(1): p. e2-e6.

2.
Raimondi, F., et al., Use of neonatal chest ultrasound to predict noninvasive ventilation failure. Pediatrics, 2014. 134(4): p. e1089-94.

3.
Raimondi, F., et al., Can neonatal lung ultrasound monitor fluid clearance and predict the need of respiratory support? Crit Care, 2012. 16(6): p. R220.

4.
Cattarossi, L., et al., Surfactant administration for neonatal respiratory distress does not improve lung interstitial fluid clearance: echographic and experimental evidence. J Perinat Med, 2010. 38(5): p. 557-63.

5.
Copetti, R. and L. Cattarossi, The 'double lung point': an ultrasound sign diagnostic of transient tachypnea of the newborn. Neonatology, 2007. 91(3): p. 203-9.

6.
Copetti, R., et al., Lung ultrasound in respiratory distress syndrome: a useful tool for early diagnosis. Neonatology, 2008. 94(1): p. 52-9.

7.
Piastra, M., et al., Lung ultrasound findings in meconium aspiration syndrome. Early Human Development, 2014. 90: p. S41-S43.

8.
Lichtenstein, D.A. and P. Mauriat, Lung Ultrasound in the Critically Ill Neonate. Curr Pediatr Rev, 2012. 8(3): p. 217-223.

9.
Liu, J., Lung ultrasonography for the diagnosis of neonatal lung disease. J Matern Fetal Neonatal Med, 2014. 27(8): p. 856-61.

10.
Federici, M., et al., Pulmonary ultrasonography in the follow-up of respiratory distress syndrome on preterm newborns. Reduction of X-ray exposure. J Ultrasound, 2011. 14(2): p. 78-83.

11.
Martelius, L., et al., Delayed lung liquid absorption after cesarean section at term. Neonatology, 2013. 104(2): p. 133-6.

12.
Cattarossi, L., Lung ultrasound: its role in neonatology and pediatrics. Early Human Development, 2013. 89: p. S17-S19.

13.
te Pas, A.B., et al., From liquid to air: breathing after birth. J Pediatr, 2008. 152(5): p. 607-11.

14.
Puch-Kapst, K., et al., Radiation exposure in 212 very low and extremely low birth weight infants. Pediatrics, 2009. 124(6): p. 1556-64.

15.
Bader, D., et al., Unintentional exposure of neonates to conventional radiography in the Neonatal Intensive Care Units. Journal of Perinatology, 2007. 27(9): p. 579-585.

16.
Kattwinkel, J., et al., Neonatal resuscitation: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Pediatrics, 2010. 126(5): p. e1400-13.

17.
Lichtenstein, D.A., et al., A-lines and B-lines: lung ultrasound as a bedside tool for predicting pulmonary artery occlusion pressure in the critically ill. Chest, 2009. 136(4): p. 1014-20.

18.
Lichtenstein, D.A., Ultrasound in the management of thoracic disease. Crit Care Med, 2007. 35(5 Suppl): p. S250-61.

19.
Lichtenstein, D.A. and Y. Menu, A bedside ultrasound sign ruling out pneumothorax in the critically ill. Lung sliding. Chest, 1995. 108(5): p. 1345-8.

20.
Oveland, N.P., et al., Using thoracic ultrasonography to accurately assess pneumothorax progression during positive pressure ventilation: a comparison with CT scanning. Chest, 2013. 143(2): p. 415-22.

21.
Oveland, N.P., et al., A porcine pneumothorax model for teaching ultrasound diagnostics. Acad Emerg Med, 2012. 19(5): p. 586-92.

22.
Alrajab, S., et al., Pleural ultrasonography versus chest radiography for the diagnosis of pneumothorax: review of the literature and meta-analysis. Crit Care, 2013. 17(5): p. R208.

23.
Alrajhi, K., M.Y. Woo, and C. Vaillancourt, Test characteristics of ultrasonography for the detection of pneumothorax: a systematic review and meta-analysis. Chest, 2012. 141(3): p. 703-8.

24.
Lichtenstein, D., et al., The "lung point": an ultrasound sign specific to pneumothorax. Intensive Care Medicine, 2000. 26(10): p. 1434-1440.

25.
Lichtenstein, D., Lung ultrasound in the critically ill. Curr Opin Crit Care, 2014. 20(3): p. 315-22.

26.
International Liaison Committee on, R., 2005 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations. Part 7: Neonatal resuscitation. Resuscitation, 2005. 67(2-3): p. 293-303.

27.
Perlman, J.M., et al., Neonatal resuscitation: 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations. Pediatrics, 2010. 126(5): p. e1319-44.

28.
Schmolzer, G.M., et al., Exhaled Carbon Dioxide in Healthy Term Infants Immediately after Birth. J Pediatr, 2015.

29.
te Pas, A.B., et al., Breathing patterns in preterm and term infants immediately after birth. Pediatr Res, 2009. 65(3): p. 352-6.

30.
Dani, C., et al., Risk factors for the development of respiratory distress syndrome and transient tachypnoea in newborn infants. Italian Group of Neonatal Pneumology. Eur Respir J, 1999. 14(1): p. 155-9.

31.
Singhal, N., et al., Helping Babies Breathe: global neonatal resuscitation program development and formative educational evaluation. Resuscitation, 2012. 83(1): p. 90-6.

32.
Msemo, G., et al., Newborn mortality and fresh stillbirth rates in Tanzania after helping babies breathe training. Pediatrics, 2013. 131(2): p. e353-60.

33.
Goudar, S.S., et al., Stillbirth and newborn mortality in India after helping babies breathe training. Pediatrics, 2013. 131(2): p. e344-52.

34.
Matthews, T.J. and M.F. MacDorman, Infant Mortality Statistics From the 2009 Period. 2013: p. 1-28.

35.
Kattwinkel, J. and J. Perlman, The Neonatal Resuscitation Program: The Evidence Evaluation Process and Anticipating Edition 6. NeoReviews, 2010. 11(12): p. e673-e680.

36.
Chow, S.W., B. Bajuk, and R. Broadbent, Report of the Australian and New Zealand Neonatal Network 2012. 2014.

37.
Evans, N., et al., Point-of-care ultrasound in the neonatal intensive care unit: international perspectives. Semin Fetal Neonatal Med, 2011. 16(1): p. 61-8.



PAGE  

DOLFIN study protocol version 4, 26th Feb 2015

9

[image: image1.jpg]The DOLFIN Study

)Y

Descrintion Of Lung Ultrasound
From Initial Neonatal Transition




