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Abstract 

Objective: The aim of this study was to evaluate the value of lung ultrasound in the diagnosis of respiratory 
distress syndrome (RDS) in newborn infants. 

Methods: From March 2012 to May 2013, 100 newborn infants were divided into two groups: RDS group (50 
cases) and control group (50 cases). According to the findings of chest x-ray, there were 10 cases of grade II 
RDS, 15 grade III cases, and 25 grade IV cases in RDS group. Lung ultrasound was performed at bedside by a 
single expert. The ultrasound indexes observed in this study included pleural line, A-line, B-line, lung 
consolidation, air bronchograms, bilateral white lung, interstitial syndrome, lung sliding, lung pulse etc. 

Findings: In all of the infants with RDS, lung ultrasound consistently showed generalized consolidation with 
air bronchograms, bilateral white lung or interstitial syndrome, pleural line abnormalities, A-line 
disappearance, pleural effusion, lung pulse, etc. The simultaneous demonstration of lung consolidation, 
pleural line abnormalities and bilateral white lung, or lung consolidation, pleural line abnormalities and A-line 
disappearance co-exists with a sensitivity and specificity of 100% for the diagnosis of neonatal RDS. 

Conclusion: This study indicates that using an ultrasound to diagnose neonatal RDS is accurate and reliable 
tool. A lung ultrasound has many advantages over other techniques. Ultrasound is non-ionizing, low-cost, easy 
to operate, and can be performed at bedside, making this technique ideal for use in NICU. 
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Introduction 

Respiratory distress syndrome (RDS) is one of the 

most common causes of neonatal respiratory 

failure and neonatal mortality. The underlying 

pathogenesis of the disease involves 

developmental immaturity of the lungs, leading to 

the absence of pulmonary surfactant. The risk of 

developing RDS decreases with both increasing 

gestational age and birth weight. The incidence 

rate is 80% in infants <28 weeks’ gestation, 60% 

at 29 weeks, 15-30% at 32-34 weeks, and declines 

with maturity to 5% at 35-36 weeks. Accordingly, 

the RDS incidence rate is estimated to be 80% for 

infants weighing <750g at birth and 55% for 

infants weighing 750-1000g[1]. However, in recent 

years, with the application of antenatal 

corticosteroids and delivery room pulmonary 

surfactant, both typical and severe RDS in 

premature infants have greatly declined. Greater 

awareness of RDS has led to a more frequent 

diagnosis in term neonates[2-4]. Bouziri et al[3] 

found that RDS accounted for 6.8% of cases of 

respiratory distress in term or near-term infants. 
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We have also found that RDS in term infants 

accounts for 3.6% of all term in-patients[5]. The 

diagnosis of RDS is usually based on clinical 

manifestations, arterial blood gas analysis and 

chest x-rays. Lung ultrasound is typically not 

included in the diagnostic work-up of neonatal 

RDS. Recently, ultrasound has been used 

extensively and successfully in the diagnosis of 

many kinds of lung diseases[6-13] and a few studies 

have addressed neonatal RDS[14,15]. This study 

aims to further evaluate the value of a lung 

ultrasound in the diagnosis of RDS in newborn 

infants including full-term neonates. 

Subjects and Methods  

Patients 

This study was approved by the ethics committee 

of the General Hospital of Beijing Military 

Command. From March 2012 to May 2013, 50 

newborn infants with RDS and another 50 

neonates whose lung disease was excluded by 

chest x-ray examination were enrolled in this 

study, all of whom were admitted to the 

Department of Neonatology & NICU (the largest 

NICU in the world with 350 beds), Bayi Children’s 

Hospital affiliated to Beijing Military General 

Hospital (Beijing, China). Beside the premature 

infants, the diagnostic criteria of RDS in full-term 

neonates were as follow[2-5]: 1) full-term neonates 

(gestational age ≥37 weeks), 2) acute onset, 3) an 

acute, explicit perinatal triggering  insult such as 

severe perinatal acquired infection, severe birth 

asphyxia, meconium aspiration syndrome, or 

delivery by selective cesarean section, etc, 4) 

representative clinical manifestations including 

progressive respiratory distress occurring shortly 

after birth, tachypnea, expiratory grunting, nasal 

flaring, subcostal retractions, cyanosis, reduced or 

absent breath sounds, or severe dyspnea requiring 

continuous positive pressure ventilation support 

for at least 72 hours, 5) typical chest x-ray 

abnormalities such as hypoexpansion, diffuse, fine 

granular densities, air bronchogram signs, ground-

glass opacities, blurred cardiac borders, or white 

lungs ('white-out' appearance), 6) arterial blood 

gas analysis showing hypoxia, hypercapnia and an 

oxygen tension/fraction of inspired oxygen ratio 

(PaO2/FiO2) ≤26.7kPa. Those patients whose 

dyspnea was caused only by severe infection, 

meconium aspiration syndrome, etc., were 

excluded.  

Methods 

This was a double blind study. A high-resolution 

line probe with a frequency of more than 7.5 MHz 

(generally 11-12 MHz) (GE Voluson i or E 6, USA) 

was used in this study. A lung ultrasound was 

performed at bedside by a single expert 

immediately after admission. The transthoracic 

approach was performed with longitudinal scans 

of the anterior and posterior chest walls. The 

ultrasound execution cut-off time was 5 minutes. 

A conventional antero-posterior chest x-ray was 

performed at the bedside on RDS patients 

immediately following the lung ultrasound, and 

was read by an independent radiologist who was 

unaware of the ultrasound results. 

Ultrasound indexes used in this study 

1) Pleural line: the regular echogenic line under 

the superficial layers of the thorax moving 

continuously during respiration, while abnormal 

pleural lines refer to pleural lines disappearance, 

indistinct or thicker in width more than 0.5 cm[16]. 

2) A-line: a series of echogenic, horizontal, parallel 

lines equidistant from one another below the 

pleural line, which are the reverberation artifacts 

of the pleural line[17,18]. 3) B-lines: also known as 

ultrasound lung comets, hyperechoic narrow-

based artifacts spreading like laser rays from the 

pleural line to the edge of the screen[19]. 4) Lung 

consolidation: defined as areas of hepatization 

(tissue pattern) with presence of air 

bronchograms or fluid bronchograms[18,20]. 5) 

Pleural effusion: defined as anechoic-dependent 

collections limited by the diaphragm and the 

pleura[20]. 6) Comet-tail artifact: sonographic 

artifact with an appearance similar to that of the 

ring-down artifact but more attenuated, shorter, 

and tapering in depth as in the tail of a comet. The 

mechanism underlying comet tail artifact 

formation is reverberation[21]. 7) Interstitial 

syndrome: defined as the presence of more than 3 

B-lines or the presence of areas of ‘white lung’ in 

every examined area[15]. 8) Bilateral white lung: 

defined as the presence of compact B-line in the 6 

areas without horizontal reverberation[15]. 9) Lung 

pulse: Lung sliding is replaced by a kind of 
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Table 1: General information about patients in the two groups 

Groups infants 
Gender 
(m/f) 

GA 
(weeks) 

Birth 
weight (g) 

CS/SL (n) 
Grade in chest x-ray (cases) 

grade Ⅱ grade Ⅲ grade  Ⅳ 

RDS (n=50) 32/28 27+4~41+3 1000~4120 34/16  10  cases,   20  cases, 20  cases 

Premature (n=20) 12/8 27+4~36+3 1000~ 13/7 8  cases 8  cases  4  cases 

Term (n=30) 20/10 37~41+3 1550~4120 21/9 2  cases 12  cases 16  cases 

Controls (n=50) 30/20 26+2~41+1 870~3990 22/18 normal 

GA: gestational age; CS: cesarean section; SL: spontaneous labor; RDS: respiratory distress syndrome 

pulsation, synchronized with heart activity, which 

is the early specific ultrasound sign of complete 

atelectasis[22]. 

Statistical Analysis 

Data analyses were conducted using SPSS for 

Windows (Release 16.0, SPSS Inc, Chicago, IL). The 

ultrasound findings of the two groups were 

compared by Student’s t test with 1 degree of 

freedom, and Fisher’s exact test was used to 

confirm the results. We accepted P<0.05 as 

indicating statistical significance. 

Findings 

General information for each group 

The mean gestational age was 34.9±2.7 weeks in 

RDS patients and 35.1±2.8 weeks in controls. The 

mean birth weight was 2320±353 g in RDS 

neonates and 2297±411 g in controls (Table 1). 

The average age of infants at the time of 

ultrasonography was 9.7±3.3 hours after birth. 

The risk factors for RDS in term infants including 

selective cesarean section, severe birth asphyxia, 

maternal-fetal infection and female sex are closely 

correlated with full-term neonatal RDS. As more 

than 96% of the patients in our NICU were 

transferred from other hospitals, and because of 

many other reasons (such as calling time, traffic 

conditions, long-distance transport, etc.), the 

interval between the onset of RDS and diagnosis 

was often more than 6-12 hours. Thus, in most  

(80%) patients a severe grade (III/IV) RDS was 

diagnosed. 

Normal sonographic lung appearance 

The ultrasound appearance of normal lung is 

“black”. The superficial layers of the thorax consist 

of subcutaneous tissue and muscles. On 

longitudinal scans, the ribs appear as curvilinear 

structures associated with posterior acoustic 

shadowing. The pleural line appears smooth, clear 

and shows a regular echogenic line with a width of 

less than 0.5 mm. The presence of these artifacts is 

related to pathology and results from the fluid-

rich subpleural interlobular septae, which are 

surrounded by air and identify an interstitial 

syndrome.  

     The fetal lung is very rich in fluids and therefore 

B-lines can also be seen in healthy term newborns. 

In this group, B-lines were found in 12 healthy 

infants. The B-lines were not compact and rarely 

numerous, and were seen more often on the right 

side without a typical localization. Interstitial 

syndrome was seen in 8 healthy infants without 

any lung consolidation (Fig. 1) (also see Table 2).  

Ultrasound results in RDS patients 

Lung consolidation with air bronchograms was 

seen in every (100%) RDS infant, which was 

mainly located in the subpleural area in mild RDS 

 
Fig. 1: Normal lung ultrasound appearance: Gestational 
age 73+5 weeks, birth weight 2570g. Longitudinal scan of 
the thorax, noting the ‘black’ normal lung and the 
echogenic line of normal pleura, paralleled A-lines and 
curvilinear appearance of the ribs associated with 
posterior acoustic shadowing. B-lines cannot be found 
in this infant. 

Pleural line 

A-line 
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Table 2: Distribution of ultrasound findings in the two groups 

Ultrasound findings RDS group (n=50) Control group (n=50) P-value 

Consolidations 50 0 <0.001 

Pleural-line abnormalities 50 0 <0.001 

Bilateral “white lung” 50 0 <0.001 

A-lines   0 50 <0.001 

B-lines 0 12 <0.001 

Pleural effusion 8 0 <0.001 

Lung pulse 8 0 <0.001 

Interstitial syndrome 50 8 <0.001 

                RDS: respiratory distress syndrome 

(grade II in chest x-ray) and air bronchograms 

sometimes, were not visible (Fig. 2). However, in 

severe RDS (grade III~IV in chest x-ray) the area 

of lung consolidation was observed expanding into 

other areas and even involving deep lung tissue. 

Additionally the air bronchograms became more 

evident in patients with severe RDS (Fig. 3-5). 

Bilateral white lung (or interstitial syndrome) was 

also seen in 100% of RDS patients. An abnormal 

pleural line (thickened or blurred) was observed 

in 100% of RDS patients (Fig. 2-7). Additionally, A-

lines had disappeared in 100% of RDS patients 

(Fig. 2-7). Pleural effusion, which can co-exist with 

lung consolidation, was found in 8 (16%) of the 

RDS patients (Fig. 5-6). Lung pulse was seen in 8 

grade III~IV RDS patient (40 cases), while 10 

grade II RDS patients did not show this sign. The 

extent and nature of lesions in bilateral lung were 

inconsistent. For example, one patient with G1P1, 

with a gestational age of 37+3 weeks and birth 

weight of 3100g, was delivered by cesarean 

section and admitted to our NICU due to difficulty 

in breathing. Arterial blood analysis showed pH of 

6.91, PaCO2 97mmHg, PaO2 25mmHg, and BE-

15.5mmol/L.  A chest x-ray indicated grade IV 

RDS. In this case, a lung ultrasound revealed a 

significant area of consolidation with air 

bronchograms in the left lung, with mild 

consolidation and a large amount of pleural 

effusion in the right lung (Fig. 5).  

The sensitivity and specificity of ultrasound 

signs for the diagnosis of neonatal RDS 

Lung consolidation, pleural line abnormalities, 

bilateral white lung and A-lines disappearance 

were always seen in RDS patients and these signs 

have never been observed in controls. In our 

experience the simultaneous co-existence of lung 

consolidation, pleural line abnormalities and 

bilateral white lung, or lung consolidation, pleural 

line abnormalities and A-lines disappearance 

occurs with a sensitivity (a/a+c) and specificity 

 

Fig. 2: A: Lung ultrasound shows pleural line thickening or coarse, subpleural lung consolidation with air bronchograms 
(the area within the white circle, echogenic bright lines or bright spots within the region are air bronchograms), interstitial 

syndrome and disappearing A-lines. B: Chest x-ray shows grade II respiratory distress syndrome. 
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Fig. 3: A: Lung ultrasound shows significant lung consolidation with air bronchograms, interstitial syndrome, 
irregular or coarse appearance of the pleural line, A-line disappearance and little pleural effusion in the right chest.  

B: Chest x-ray shows grade III respiratory distress syndrome. 

Table 3: The sensitivity and specificity of lung 
consolidation, pleural line abnormalities and bilateral 

white lung for the diagnosis of neonatal RDS 

 RDS Control Total 

With three signs 50 (a) 0 (b) 50(a+b) 

Without three signs 0 (c) 50 (d) 50(c+d) 

Total 50 (a+c) 50 (b+d) 100 

RDS: respiratory distress syndrome 

(d/b+d) of 100% (Table 3 and 4). Besides, lung 

pulse found by real-time ultrasound has the value 

of confirming RDS diagnosis, the sensitivity was 

20% and specificity 100% of lung pulse for the 

diagnosis of neonatal RDS. 

Table 4: The sensitivity and specificity of lung 
consolidation, pleural line abnormalities and A-line 

disappearance for the diagnosis of neonatal RDS 

 RDS Control Total 

With three signs 50 (a) 0 (b) 50 (a+b) 

Without three signs 0 (c) 50 (d) 50 (c+d) 

Total   50 (a+c) 50 (b+d) 100 

RDS: respiratory distress syndrome 

Discussion 

The results of this study confirm that lung 

ultrasonography has a very high sensitivity and 

specificity in the diagnosis of neonatal RDS. 

 
Fig. 4: A: Lung ultrasound shows a large area of consolidation with air bronchograms (the area 

within the white circle), irregular or coarse appearance of the pleural line, and A-line disappearance. 
B: Chest x-ray shows grade IV respiratory distress syndrome. 

Interstitial syndrome 
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Fig. 5: Different ultrasound appearance of Grade IV respiratory distress syndrome (RDS) in bilateral lungs.                   
Lung ultrasound shows a significant area of consolidation with air bronchograms in the left lung, with mild 

consolidation and a large amount of pleural effusion in the right lung IV RDS. Chest x-ray shows grade IV RDS. 

According to the findings of this study, the main 

features of RDS that can be visualized by 

ultrasound imaging include lung consolidation 

with air bronchograms, pleural line abnormalities, 

pleural effusion, bilateral white lung and 

interstitial syndrome.  

     The most important indicator of RDS in a lung 

ultrasound is lung consolidation, which can be 

seen in all RDS patients, but the extent and scope 

of the consolidation varies with the grade of RDS. 

Consolidation in grade II RDS may be limited to 

the subpleural, presents as focal and small-scale, 

and air bronchograms may not be visible. In 

contrast, the area of consolidation appears 

significantly expanded in severe RDS (grade III~IV 

by chest x-ray), with air bronchograms becoming 

more obvious. Pleural line abnormality is one of 

the most common ultrasound observations in RDS 

patients, but also exists in other lung diseases such 

as pneumonia, bleeding, and transient tachypnea 

of the newborn (TTN). Therefore, pleural line 

abnormalities as visualized by ultrasound are not 

specific to RDS[23]. According to the literature, the 

sensitivity and specificity of pleural line 

abnormalities for diagnosis of RDS are 100% and 

45% respectively[15,20]. A-lines disappearance was 

found in 100% of RDS patients. This suggests that 

A-line disappearance is also a sonographic 

indicator of neonatal RDS. However, like pleural 

line abnormalities, A-line disappearance can also 

be found in other lung diseases. Therefore, it is not 

a change specific to RDS either[23]. In our 

experience the simultaneous co-existence of lung 

consolidation, pleural line abnormalities and 

bilateral white lung, or lung consolidation, pleural 

line abnormalities and A-lines disappearance, 

occurs with a sensitivity and specificity of 100% 

     Traditionally, RDS is characterized by 

atelectasis; a severe RDS even appears only as 

"white lung" on a chest radiograph. This technique 

is incapable of visualizing pleural effusion, 

pulmonary edema or other pathological changes. 

Therefore, the results of lung ultrasound in these 

patients are completely changing our traditional 

concepts. First, RDS can exist not only with 

atelectasis, but also with pulmonary edema or 

pleural effusion. Second, the extent and nature of 

lesions in bilateral lung can be inconsistent (Fig. 

6). These findings suggest that a lung ultrasound 

can provide us with additional medical and clinical 

information. Because pulmonary edema and 

pleural effusion are also the main pathological 

features of TTN, "white lung" or pleural effusion is 

not a specific symptom of RDS, as it is also found 

in TTN and other lung diseases[16,20]. According to 

the literature, the sensitivity and specificity of 

pleural effusion for diagnosing RDS are 66.6% and 

5% respectively; the sensitivity and specificity of 

bilateral white lung for the diagnosis of RDS are 

100% and 0% respectively[15,20]. 
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Fig. 6: Different ultrasound appearance of Grade IV respiratory distress syndrome bilaterally in lungs 

     According to the findings of this study, lung 

pulse is one of the most important features of RDS 

that can be visualized by ultrasound imaging. Lung 

pulse was found in 8 (40 cases, 20%) grade III~IV 

RDS infants, while it was not seen in the remaining 

10 patients with grade II RDS. Thus we believe 

that lung pulse is associated with the degree and 

the extent of lung consolidation. According to our 

results the sensitivity was 20% and specificity 

100% of lung pulse for the diagnosis of neonatal 

RDS. 

 

Fig. 7: Ultrasound image of white lung. White lung is also a 
common ultrasound finding of respiratory distress syndrome. 

Conclusion 

In short, this study further confirms that a lung 

ultrasound has great significance in diagnosing 

neonatal RDS. As indicated by Cattarossi et al[15], 

the lung ultrasound has many advantages. First, 

being non-ionizing, the ultrasound can be 

performed at the bedside. Second, the ultrasound 

is easy to operate, and can be repeated several 

times a day without hazards to the operator or the 

patient. Third, this is a low-cost technique, which 

requires only elementary skills. Last but not least, 

the lung ultrasound has very high accuracy and 

reliability in diagnosing pulmonary disease. Given 

all of these, in certain advanced neonatal intensive 

care units this method could replace radiography 

as the first-line diagnostic approach in neonatal 

period[24]. 

     However, there are some limitations in this 

study worth noting. The number of RDS infants 

was limited, and some acute complications 

secondary to air leak syndrome (such as 

pneumomediastinum, interstitial emphysema, 

pneumopericardium) cannot easily be discovered 

by using ultrasound. According to the results of 

this study, maybe ultrasound is not proper for the 

diagnosis of grade I RDS. More research is needed 

to replace chest x-ray by sonography in follow-up 

scanning of RDS after treatment. 
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