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ORIGINAL ARTICLE

Lung ultrasonography of pulmonary complications in preterm infants
with respiratory distress syndrome

JOVAN LOVRENSKI

Radiology Department, Institute for Children and Adolescents Health Care of Vojvodina, Novi Sad, Serbia

Abstract
Aim. To evaluate the diagnostic possibilities of lung ultrasonography (LUS) in detecting pulmonary complications in preterm
infants with respiratory distress syndrome (RDS).
Material and methods. A prospective study included 120 preterm infants with clinical and radiographic signs of RDS. LUS was
performed using both a transthoracic and a transabdominal approach within the first 24 h of life, and, after that, follow-up LUS
examinations were performed. In 47 detected pulmonary complications of RDS (hemorrhage, pneumothorax, pneumonia,
atelectasis, bronchopulmonary dysplasia), comparisons between LUS and chest X-ray (CXR) were made. Also, 90 subpleural
consolidations registered during LUS examinations were analysed. Statistical analysis included MANOVA and discriminant
analysis, t-test, confidence interval, and positive predictive value.
Results. In 45 of 47 instances the same diagnosis of complication was detected with LUS as with CXR, indicating a high
reliability of the method in premature infants with RDS. The only two false negative findings concerned partial
pneumothorax. The positive predictive value of LUS was 100%. A statistically significant difference of LUS findings between
the anterior and posterior lung areas was observed in both right and left hemithoraces.
Conclusions. LUS enables the detection of pulmonary complications in preterm infants with RDS and has the potential to
reduce the number of CXRs. The specific guidelines for its use should be provided in a more extensive study.
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Introduction

Reduction of the dose of ionizing radiation (IR) is one
of the main goals of contemporary paediatric radiol-
ogy. Thus, the continuous search for the balance
between the potential benefits and the potential
delayed adverse effects, which may arise from the
use of diagnostic procedures based on IR, is inevitable
when working with children. This should certainly
be one of the main topics of mutual co-operation
between paediatricians, paediatric surgeons, and
paediatric radiologists.
The risk of the effects of IR is higher the younger the

child is (1,2); with the same dose of ionizing radiation,
a 1-year-old child is 10–15 times more at risk of
developing carcinoma than an adult (3). Nevertheless,
there is a trend in children’s hospitals of increasing the

number of radiographs and CT examinations by
about 25% (4).
Of the many complications of prematurity (intra-

cranial hemorrhage, necrotizing enterocolitis, sepsis,
and retinopathy of prematurity), lung diseases, such
as respiratory distress syndrome (RDS) and its com-
plications (pulmonary hemorrhage, pneumonia, atel-
ectasis, pneumothorax, air leak syndrome, and
bronchopulmonary dysplasia (BPD)), remain the
most common cause of neonatal morbidity. RDS is
the clinical expression of surfactant deficiency in
neonates and is typically presented with tachypnea,
expiratory grunting, nasal flaring, cyanosis, and sub-
sternal and intercostal retractions (5).
The aim of this study was to evaluate the diagnostic

possibilities of lung ultrasonography (LUS) in detect-
ing pulmonary complications in preterm infants with
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RDS and in reducing the number of chest X-rays
(CXRs).

Normal LUS findings

When using the transthoracic approach, the pleura
is visualized as a smooth, echogenic line. Since ultra-
sonography (US) is a dynamic examination, the eval-
uation of the pleura has to include the ‘lung sliding’
sign, which represents the sliding of the visceral pleura
over the parietal pleura (6). Its absence is the main US
criterion of pneumothorax (7).
Beneath the pleura the lungs are filled with air,

which disables visualization of the lung parenchyma.
However, the high acoustic impedance between the
visceral pleura and the lung parenchyma results in
horizontal artefacts, which are the parallel echogenic
lines below the pleural line, equally distanced from
one another, and are called A lines (Figure 1) (8,9).
If the US examination of the lung bases is per-

formed transabdominally, this examination is nor-
mally based on the acoustic phenomenon of ‘mirror
image’, that is supradiaphragmatic projection of
the liver or spleen (10,11).

Pathological LUS findings

When the parenchymal disease propagates to the
pleura, an acoustic window is formed using either a
transthoracic or a transabdominal approach. This
enables transmission of an ultrasound beam and

evaluation of lung tissue. The absence of alveolar
air in the lung periphery is visualized in the form of
subpleural consolidation. Within the consolidation
multiple branching of echogenic linear structures
can be seen, which corresponds to the air broncho-
gram (Figure 2). The advantage of US examination is
that it allows for visualization of the microabscess
(Figure 3). Unlike in pneumonia, where the air
bronchogram is branched, with passive atelectasis,
mostly due to pleural effusion, it may become
‘compressed’ and parallel before the air has been fully
reabsorbed (Figure 4) (12).
Also, a pathological finding is presented with ver-

tically oriented ‘comet-tail’ artefacts in the lungs,
which extend from the pleural line to the bottom of
the screen. They are hyperechogenic, clearly defined,
erase the A lines, move with ‘lung sliding’, and are
called the B lines. They are a result of the accumu-
lation of fluid in the subpleural interlobular septa
surrounded by air (13,14). Their presence excludes
pneumothorax as a diagnosis (8). Depending on the
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Figure 1. Normal lung US finding in a longitudinal section.
Figure 2. Dichotomous branching of the peripheral bronchioles
within the subpleural consolidation.
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amount and distance of B lines, interstitial edema (IE)
and alveolar-interstitial edema (AIE) can be recog-
nized (Figure 5) (13).

Currently, LUS is not widespread in the detection
of neonatal respiratory diseases. There have been just
a few studies dealing with the diagnostic possibilities
of US in this field (11,15–19). To our knowledge, a
study searching for possibilities of US the detection
of pulmonary complications (except BPD (15,17)) in
preterm infants with RDS has not been published yet.

Materials and methods

A prospective study was carried out at the Institute for
Children and Adolescents Health Care of Vojvodina
(ICAHCV) in Novi Sad, Serbia, in association with
the neonatal intensive care unit (NICU) and the
radiology department.
The inclusion criteria were clinical and radio-

graphic signs of RDS, and gestational age (GA) under
37 weeks. The study included 120 preterm infants
(weeks of gestation (WG) ranging from 23.86 to
36.89, mean value: 30.97 WG (SD 3.16, confidence
interval (CI) 30.4–31.55 WG); birth weight,
mean value: 1594.9 g (SD 626.79, CI 1481.59–
1708.23 g)). The average age of the infants at the
moment of admission to the ICAHCV was 16.29 h
(CI 11.59–21 h).
Out of 120 premature infants, 51 (42.5%) recei-

ved corticosteroids prenatally. Sixty-seven (55.83%)
infants were born vaginally, while 53 (44.17%) were
delivered by C-section. Surfactant was endotrache-
ally administered in 85 (70.83%) patients (1 dose
(49 patients), 2 (27 patients), 3 (8 patients), and
4 (1 patient)), with the first dose given at the average
time of 3.74 h (CI 2.35–5.12 h). Mechanical
ventilation was required in 95 patients, with mean
duration of mechanical ventilation of 9.4 days
(CI 5.49–13.31 days).
The Ethical Committee of the ICAHCV approved

the research (date of issue: 1 February 2008, regis-
tration number: 185/7), and informed consent was
obtained from the parents of each examined preterm
infant.
LUS examinations were performed by the same

experienced paediatric radiologist (J.L.), using a
7.5 MHz linear probe (Sonoline Adara, Siemens,
Erlangen, Germany) and both transthoracic and
transabdominal approaches. The transthoracic US
approach included examination in supine and both
lateral decubitus positions of the anterior (between
the sternum and the anterior axillary line), lateral
(between the anterior and posterior axillary lines),
and posterior (between the posterior axillary line
and the spine) lung areas in caudo-cranial direction.
The transabdominal US included the transhepatic
and transsplenic approach in supine position to exam-
ine both lung bases. This US technique provided
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Figure 3. Two microabscesses (dotted arrows) with the greatest
diameter of 7 mm.
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Figure 4. Parallel air bronchogram (arrows) within the pulmonary
consolidation (C) of passive atelectasis due to large amount of
pleural effusion (PE).
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division of each hemithorax into four lung areas, i.e.
eight lung areas per patient. The right lung base was
examined by transhepatic approach (H), while right
anterior (Ar), lateral (Lr), and posterior (Pr) lung
areas were examined by transthoracic approach.
The left lung base was examined by transsplenic
approach (S), and transthoracic approach was used
to examine left anterior (Al), lateral (Ll), and

posterior (Pl) lung areas (Figure 6). Longitudinal,
transversal (intercostal), and oblique sections were
used.
LUS was performed within the first 24 h of life in all

preterm infants included in the study. The double
lung point sign, characteristic of transient tachypnea
of the newborn (TTN), was excluded in each patient
as a possible cause of respiratory distress (19). After
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Figure 5. Four basic patterns of the lung US findings (IE = interstitial edema; AIE = alveolar-interstitial edema).
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Figure 6. Examined lung areas in supine (A) and lateral decubitus (B) positions (H = transhepatic approach; S = transsplenic approach;
Ar = anterior right, Al = anterior left, Lr = lateral right, Ll = lateral left, Pr = posterior right, and Pl = posterior left lung areas).
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that, follow-up examinations were performed until
completely normal neonatal lung scans were
obtained, until discharge from the hospital, or until
the eventual fatal outcome. The approximate time of
LUS examinations was 3–4 minutes, very often even
less, and US gel was kept warm before the examina-
tions, all in favour of keeping the thermal loss to a
minimum.
The total number of US examinations was 512

(mean value 4.61), while 612 chest X-rays (CXR)
(mean value 5.1) were clinically indicated during the
research. During 8 out of 512 LUS examinations
performed the oxygen saturation level dropped to
80%, which was an indication for immediate termina-
tion of the examination, whereby all infants stabilized
instantly in saturation. At the time of examination all
these eight patients were on mechanical ventilation.
The largest number of CXRs was found in the

group of patients with BPD, with the mean value of
10.3 (SD 8.54). BPD was defined as a supplemental
oxygen requirement beyond 28 days of age, with
severity of the disease being based on the supple-
mental oxygen requirement in relation to 36 weeks’
postconceptional age (WPCA) (20). Radiographic
signs of BPD varied from bilateral, ill-defined
pulmonary opacities predominantly perihilar and
homogeneous, to coarse reticulation characterized
by streaky densities interspersed with small cystic
lucencies.
In 47 pulmonary complications of RDS (hemor-

rhage, pneumonia, atelectasis, pneumothorax, and
BPD), it was possible to compare the LUS findings
with the CXRs, based on the criteria concerned with
the time interval between them (CI 3.24–4.96 h), as
well as with absence of all the clinical and therapy
procedures that could influence and change the pul-
monary findings. CXRs were interpreted by the same
paediatric radiologist who performed LUS examina-
tions, and who was blinded to the CXR and clinical
findings before finishing the US report, in order to
increase the objectivity of the study.

Ninety subpleural consolidations registered during
LUS examinations were distributed in relation to their
clinical and radiographically determined origin, and
their size was statistically analysed.
The analysis included also every LUS examination

with regard to the comparison of findings between
anterior and posterior lung areas.
Statistical analysis included mean value, standard

deviation (SD), confidence interval (CI), positive
predictive value, multivariate analysis (MANOVA
and discriminant function analysis), and univariate
analysis (ANOVA t test, Roy’s t-test, Pearson’s con-
tingency coefficient (c), and the multiple correlation
coefficient (R)). Assessment of the statistical signifi-
cance was done using the P Value. A P-value less
than 0.05 was considered statistically significant.

Results

Out of 47 comparisons between LUS and CXR
findings in our study, there have been 2 false negative
findings in detecting pulmonary complications of
RDS. Those two findings both concerned partial
pneumothorax. The rest of 45 comparisons showed
a complete match between CXR and LUS findings.
Forty-three of them were positive in both diagnostic
modalities, and two findings were normal, i.e. they
indicated a complete lung re-expansion of the previ-
ously radiographically confirmed pneumothorax.
The positive predictive value of the US method in

the diagnostics of pulmonary complications in pre-
mature infants with RDS was 100%. However, ultra-
sonographic verification of the pathological findings
in the premature’s lungs could not give a differenti-
ation between the origins of the subpleural consolida-
tions based on its US features (Figure 7).
The origin of 90 US registered subpleural conso-

lidations was as follows: RDS (n = 37 consolidations),
pulmonary hemorrhage (n = 11), pneumothorax
(n = 3), pneumonia (n = 20), atelectasis (n = 8) and
BPD (n = 11).

Figure 7. Inability of the US to differentiate between subpleural consolidations stemming from: pneumonia (left image), atelectasis (middle
image), and hemorrhage (right image).
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Among 90 subpleural consolidations ultrasonogra-
phically detected in the study, the highest average
sizes (av.) were found with the consolidations stem-
ming from: BPD (av. 27.41 mm, SD 8.23 mm, CI
21.88–32.94 mm), pneumonia (av. 26.95 mm, SD
8.40 mm, CI 23.02–30.88 mm), and atelectasis (av.
24.50 mm, SD 6.37 mm, CI 19.17–29.83 mm).
Lower average sizes were found with the con-
solidations stemming from pulmonary hemorrhage
(av. 19.86 mm, SD 9.77 mm, CI 13.30–26.43 mm)
and RDS (av. 21.08 mm, SD 9.23 mm, CI 18–
24.16 mm).
MANOVA and discriminant analysis showed a

statistically significant difference (P < 0.05) between
LUS findings of the anterior and posterior lung
areas, in both right and left hemithoraces (Ar versus
Pr; Al versus Pl). A comparison of LUS findings
showed a normal finding dominating anterior lung
areas, while both compact B lines presenting AIE and
subpleural consolidations were represented more
within the posterior lung areas (Table I).

Discussion

The continuous balancing between the potential
harmful effects of diagnostic procedures based on
X-rays and their potential benefits is especially
highlighted in paediatric radiology.
Although the cumulative effects of relatively low

doses of IR are not fully understood, there are studies
that suggest up to three times higher probability of
occurrence of acute lymphoblastic leukaemia in chil-
dren with three or more diagnostic procedures based
on X-rays, among which plain radiographs were
the most common ones, and not CT or fluoroscopy
(21–23). These data place the population of prema-
ture infants in the group of high vulnerability and risk

of developing late sequelae induced by IR, as these
children have a very wide range of complications with
high diagnostic requirements, so the exposure to
X-rays in NICU is usually not their last one.
Given the possibility of evaluating pleural lesions,

lungs, and extracardiac mediastinum, LUS in chil-
dren has been recognized as a potentially useful
diagnostic method (6,24–31). This is supported by
the fact that children have a thinner thoracic wall, and
smaller width of the thorax and lung volume, which
enables a better image quality and visualization of
almost the entire surface of the lungs compared to the
adult population (19). Also, the relative simplicity of
mastering the basic LUS patterns is of great impor-
tance. Bedetti et al. have demonstrated this by show-
ing how inexperienced doctors can learn to detect IE
after ten examinations, i.e. after only 30 minutes of
training, so LUS is not considered to be an exami-
nation of high inter- and intraobserver variability in
the interpretation (18,32). There is, on the other
hand, often a significant variation in inter- and
intraobserver interpretation of the same CXR images,
which very much depends on the radiologist’s expe-
rience (33). Nevertheless, experience may play an
important role in LUS examinations. An experienced
paediatric radiologist can perform this examination
faster, which is extremely important in such a
vulnerable population as preterm infants are. This
is probably the main reason for only eight complica-
tions in our 2-year study. Each patient’s condition
was stabilized promptly after terminating the LUS
examination.
In our study the diagnostics of pulmonary compli-

cations of RDS showed a positive predictive value of
100%, which indicates the reliability of positive LUS
findings. Also, according to our everyday experience,
LUS has often provided a more accurate detection
and localization of the pathological changes in the
lungs compared with CXRs and has proved to be very
reliable in monitoring the clinical changes. It has also
been demonstrated in adults with AIE that LUS has a
higher sensitivity than CXR (34).
Although the US diagnostic features of pneumo-

thorax are well known (7,8,35,36), our research has
shown that partial pneumothorax might be a diagnos-
tic problem, and so when suspecting the development
of pneumothorax we would advise a CXR. However,
what is extremely important is the ability of ultraso-
nography easily to exclude pneumothorax as a possi-
ble diagnosis or to register a complete re-expansion of
the lungs, based on the presence of the ‘lung sliding’
sign, as well as B lines (7,8). Given the above, our
suggestion is that the results of the pneumothorax
drainage should be verified by ultrasound first, avoid-
ing CXR examinations whenever it is possible.

Table I. Distribution of different LUS findings in anterior and
posterior lung areas of both hemithoraces, with evaluation of
statistical significance.

US finding Lung areas % P Value

Normal Ar versus Pr 24.7 versus 5.5 < 0.05

Normal Al versus Pl 20.5 versus 6.8 < 0.05

AIE Ar versus Pr 27.4 versus 34.2 NS

AIE Al versus Pl 23.3 versus 38.4 NS

SC Ar versus Pr 1.4 versus 17.8 < 0.05

SC Al versus Pl 4.1 versus 16.4 < 0.05

AIE = alveolar-interstitial edema; SC = subpleural consolidation;
Ar = anterior right lung area; Al = anterior left lung area;
Pr = posterior right lung area; Pl = posterior left lung area;
NS = non-significant.
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The largest size of subpleural consolidations was
registered in patients with BPD, which due to the
extensity of pathological changes was to be expected
(5). They were mostly having coarse reticulation and
alveolar consolidations dominating the CXRs. The
lowest values in consolidation size registered in pul-
monary hemorrhage were also expected, considering
that the hemorrhages are not always extensive and are
often manifested with only small alveolar consolida-
tions (5).
Although there are some possibilities of differenti-

ation between the origins of the subpleural consolida-
tions based on its US features in the adult population
(12,31,36,37), our research has not demonstrated this
possibility in prematures. For example, the subpleural
consolidations stemming from pneumonia, atelecta-
sis, and hemorrhage did not show US differences
which would provide a diagnosis. In our experience,
it is sometimes difficult to distinguish these consoli-
dations on CXRs too, especially when the paediatric
radiologist does not have clinical information avail-
able. This indicates the necessity of daily co-
operation and communication between clinicians
and radiologists, in order to achieve the most ade-
quate interpretation of radiological findings.
As we have noticed during the study that the

pathological pattern is most often found and is the
slowest to regress in the posterior lung areas, a
comparison was made between the US findings of
the anterior and posterior lung areas on both sides.
Anterior lung areas on both sides showed a statisti-
cally significant occurrence of normal findings, while
the pattern of compact B lines presenting AIE and
subpleural consolidations were represented more in
the posterior lung areas. These results might be a
consequence of the patient’s often continuous supine
position, which causes reduced ventilation in the
posterior lung areas and the longest retention of
interstitial fluid in these parts of the lung. The US
findings may be of great significance in everyday
practice, especially in the period after the extubation,
as LUS could point out the poorly ventilated areas of
the lung parenchyma.
Although the advantages of LUS are numerous

(non-ionizing, can be performed and repeated at
the bedside, low-cost technology, relatively simple
to learn), we have to be aware of its limitations. There
are some acute complications of RDS secondary to air
leak syndrome (pneumomediastinum, interstitial
emphysema, pneumopericardium) that cannot be
detected using LUS (18).
In conclusion, LUS enables a detection of pulmo-

nary complications in preterm infants with RDS. We
believe that LUS in combination with clinical

parameters has the potential to reduce the number
of CXRs in NICUs.

Limitations of the study

Even though blinded for the specific CXR and clinical
findings prior to each LUS examination, both diag-
nostic modalities have been evaluated by the same
investigator, which makes bias difficult to exclude
entirely. The investigator was the only experienced
paediatric radiologist in the field of LUS. Also, it was
not possible to conduct a blinded, independent survey
of these examinations in this very demanding and
time-consuming study due to a small number of
paediatric radiologists in our hospital, which is the
only children’s hospital in this region.
Since US scans were performed by a single expe-

rienced operator, it is reasonable to hypothesize that
similar results might not be immediately achieved by
less experienced operators.
Therefore, on the basis of these limitations, it is

necessary to conduct a more extensive, preferably
multicentre study, which could confirm the findings
of this study and provide specific guidelines for the
use of LUS in premature infants.

Acknowledgements

We thank Milan Dolga MSc and the Smart Line
Agency for the extensive statistical analysis.

Declaration of interest: The author report no
conflicts of interest. The author alone is responsible
for the content and writing of the paper.

References

1. Mazrani W, McHugh K, Marsden PJ. The radiation
burden of radiological investigations. Arch Dis Child. 2007;
92:1127–31.

2. Frush DP, Donnelly LF, Rosen NS. Computed tomography
and radiation risks: what pediatric health care providers should
know. Pediatrics. 2003;112:951–7.

3. Hall EJ. Lessons we have learned from our children: cancer
risks from diagnostic radiology. Pediatr Radiol. 2002;32:
700–6.

4. Don S. Radiosensitivity of children: potential for overexposure
in CR and DR and magnitude of doses in ordinary radio-
graphic examinations. Pediatr Radiol. 2004;34:167–72.

5. Agrons GA, Courtney SE, Stocker JT, Markowitz RI. Lung
disease in premature neonates: radiologic–pathologic correla-
tion. Radiographics. 2005;25:1047–73.

6. Mathis G. Thoraxsonography. I. Chest wall and pleura.
Ultrasound Med Biol. 1997;23:1131–9.

7. Lichtenstein DA, Menu Y. A bedside ultrasound sign ruling
out pneumothorax in the critically ill. Lung sliding. Chest.
1995;108:1345–8.

16 J. Lovrenski



8. Lichtenstein D, Mezière G, Biderman P, Gepner A. The
comet-tail artifact: an ultrasound sign ruling out pneumotho-
rax. Intensive Care Med. 1999;25:383–8.

9. Lichtenstein DA, Lascols N, Mezière G, Gepner A. Ultra-
sound diagnosis of alveolar consolidation in the critically ill.
Intensive Care Med. 2004;30:276–81.

10. Cosgrove DO, Garbutt P, Hill CR. Echoes across the dia-
phragm. Ultrasound Med Biol. 1978;3:385–92.

11. Avni EV, Braude P, Pardou A, Matos C. Hyaline membrane
disease in the newborn: diagnosis by ultrasound. Pediatr
Radiol. 1990;20:143–6.

12. Yang PC, Luh KT, Lee Chang DB. Ultrasound evaluation
of pulmonary consolidation. Am Rev Respir Dis. 1992;146:
757–62.

13. Lichtenstein D, Mezière G, Biderman P, Gepner A, Barre O.
The comet-tail artifact. An ultrasound sign of alveolar-
interstitial syndrome. Am J Respir Crit Care Med. 1997;
156:1640–6.

14. Lichtenstein DA, Mezière G, Lascols N, Biderman P,
Courret JP, Gepner A, et al. Ultrasound diagnosis of occult
pneumothorax. Crit Care Med. 2005;33:1231–8.

15. Avni EF, Cassart M, de Maertelaer V, Rypens F,
Vermeylen D, Gevenois PA. Sonographic prediction of
chronic lung disease in the premature undergoing mechanical
ventilation. Pediatr Radiol. 1996;26:463–9.

16. Bober K, Swietliński J. Diagnostic utility of ultrasonography
for respiratory distress syndrome in neonates. Med Sci Monit.
2006;12:440–6.

17. Pieper CH, Smith J, Brand EJ. The value of ultrasound
examination of the lungs in predicting bronchopulmonary
dysplasia. Pediatr Radiol. 2004;34:227–31.

18. Copetti R, Cattarossi L, Macagno F, Violino M, Furlan R.
Lung ultrasound in respiratory distress syndrome: a useful
tool for early diagnosis. Neonatology. 2008;94:52–9.

19. Copetti R, Cattarossi L. The ‘Double lung point’:
an ultrasound sign diagnostic of transient tachypnea of the
newborn. Neonatology. 2007;91:203–9.

20. Allen J, Zwerdling R, Ehrenkranz R, Gaultier C, Geggel R,
Greenough A; American Thoracic Society. Statement on the
care of the child with chronic lung disease of infancy and
childhood. Am J Respir Crit Care Med. 2003;168:356–96.

21. Shu XO, Jin F, Linet MS, Zheng W, Clemens J, Mills J, et al.
Diagnostic X-ray and ultrasound exposure and risk of child-
hood cancer. Br J Cancer. 1994;70:531–6.

22. Shu XO, Potter JD, Linet MS, Severson RK, Han D,
Kersey JH, et al. Diagnostic X-rays and ultrasound exposure
and risk of childhood acute lymphoblastic leukemia by

immunophenotype. Cancer Epidemiol Biomarkers Prev.
2002;11:177–85.

23. Infante-Rivard C, Mathonnet G, Sinnett D. Risk of childhood
leukemia associated with diagnostic irradiation and poly-
morphisms in DNA repair genes. Environ Health Perspect.
2000;108:495–8.

24. Glasier CM, Leithiser RE, Williamson SL, Seibert JJ.
Extracardiac chest ultrasonography in infants and children:
radiographic and clinical implications. J Pediatr. 1989;114:
540–4.

25. Haller JO, Schneider M, Kassner EG, Friedman AP,
Waldroup LD. Sonographic evaluation of the chest in infants
and children. AJR Am J Roentgenol. 1980;134:1019–27.

26. Hirsch JH, Rogers JV, Mack LA. Real-time sonography of
pleural opacities. AJR Am J Roentgenol. 1981;136:297–301.

27. Hirsch JH, Carter SJ, Chikos PM, Colacurcio C. Ultrasonic
evaluation of radiographic opacities of the chest. AJR Am J
Roentgenol. 1978;130:1153–6.

28. Miller JH, Reid BS, Kemberling CR. Water-path ultrasound
of chest disease in childhood. Radiology. 1984;152:401–8.

29. Rosenberg HK. The complementary roles of ultrasound and
plain film radiography in differentiating pediatric chest abnor-
malities. Radiographics. 1986;6:427–45.

30. Ben-Ami TE, O’Donovan JC, Yousefzadeh DK. Sonography
of the chest in children. Radiol Clin North Am. 1993;31:
517–31.

31. Mathis G. Thoraxsonography. II. Peripheral pulmonary con-
solidation. Ultrasound Med Biol. 1997;23:1141–53.

32. Bedetti G, Gargani L, Corbisiero A, Frassi F, Poggianti E,
Mottola G. Evaluation of ultrasound lung comets by hand-
held echocardiography. Cardiovasc Ultrasound. 2006;4:34.

33. Copetti R, Cattarossi L. Ultrasound diagnosis of pneumonia
in children. Radiol Med. 2008;113:190–8.

34. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P,
Grenier P, Rouby JJ. Comparative diagnostic performances
of auscultation, chest radiography, and lung ultrasonography
in acute respiratory distress syndrome. Anesthesiology. 2004;
100:9–15.

35. Lichtenstein D, Mezière G, Biderman P, Gepner A. The
“lung point”: an ultrasound sign specific to pneumothorax.
Intensive Care Med. 2000;26:1434–40.

36. Koh DM, Burke S, Davies N, Padley SPG. Transthoracic US
of the chest: Clinical uses and applications. Radiographics.
2002;22:e1.

37. Gehmacher O, Mathis G, Kopf A, Scheier M. Ultrasound
imaging of pneumonia. Ultrasound Med Biol. 1995;21:
1119–22.

Lung ultrasonography in preterm infants 17


