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SUMMARY

Introduction Previous studies suggested that effects of the surfactant administration in preterm infants
with respiratory distress syndrome cannot be followed by lung ultrasound (L-US).

Objective The aim of the paper is to evaluate the surfactant replacement therapy effects using a new,
proposed grading system for L-US findings.

Methods We report the series of 12 preterm infants with clinical and radiographic signs of respiratory
distress syndrome, in whom L-US examinations were performed prior to, and within the first 24 hours
after surfactant administration. To evaluate the surfactant replacement therapy effects, we proposed
a new grading system (1 to 6) for L-US findings at each examined lung area, based on the presence of
normal finding, the amount of B-lines and subpleural consolidations.

Results All preterm infants had an improvement of L-US findings from one to four grades observed
within the first 24 hours after surfactant administration, which has not been previously reported. The
improvement of L-US findings was most commonly observed in anterior lung areas.

Conclusion L-US might enable an early detection of the surfactant replacement therapy effects. Further

prospective studies are necessary to define the role of L-US in this field.
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INTRODUCTION

Of the many complications of prematurity (in-
tracranial hemorrhage, necrotizing enterocoli-
tis, sepsis, and retinopathy), lung diseases re-
main the most common cause of neonatal mor-
bidity. Respiratory distress syndrome (RDS) is
one of them, and presents the clinical expres-
sion of surfactant deficiency in neonates [1].

Administration of exogenous surfactant af-
ter delivery improves oxygenation, decreases
the need for mechanical ventilation, and re-
duces mortality in neonates with RDS. The
effects of surfactant replacement therapy are
commonly followed up using chest X-rays
(CXRs) [1].

Although lung ultrasound (L-US) in chil-
dren has already been recognized as a poten-
tially useful diagnostic modality, it is not, at
present, frequently used in detection and fol-
low-up of neonatal respiratory diseases [2-10].
There have been just a few studies dealing with
application of L-US in this field [11-19].

OBJECTIVE

The aim of this study was to evaluate surfactant
replacement therapy effects using a new, pro-
posed grading system for L-US findings.

METHODS

A prospective study was carried out in asso-
ciation with the Neonatal Intensive Care Unit
(NICU) and the Radiology Department. The
inclusion criteria were both clinical and radio-
graphic signs of RDS, gestational age (GA) un-
der 37 weeks, and administration of surfactant
performed in our NICU.

The study included 12 preterm infants (six
males and females). GA was ranging from 29
to 36 weeks of gestation. The average GA of pa-
tients was 32.83 weeks of gestation (SD=2.84).
The birth weight of patients ranged between
1,190 g and 3,280 g (mean value 2,216.7 g,
SD=875.9).

Out of 12 premature infants four received
prenatal corticosteroids. Four infants were
born vaginally, while eight were delivered by C-
section. Porcine exogenous surfactant (Curo-
surf, Chiesi Pharmaceutical, Parma, Italy) was
endotracheally administered in all patients at
the average time of 8.1 hours (SD 3.53 hours).
Mechanical ventilation was required in each
preterm infant, with mean duration of mechan-
ical ventilation being 4.17 days (SD 2.04 days).

The Ethical Committee approved the re-
search and informed consent was obtained
from the parents of each examined preterm
infant.
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L-US was performed in all infants just before and with-
in the first hour after surfactant administration, as well
as within the first 20 to 24 hours of surfactant applica-
tion. All the L-US examinations were performed by one
experienced pediatric radiologist (J.L.) in supine, as well
as in right and left lateral decubitus positions, using a 7.5
MHz linear probe (Sonoline Adara, Siemens, Erlangen,
Germany). Due to their clinical conditions, all the preterm
infants were examined in incubators. The radiologist was
blinded to the CXR and clinical findings of each preterm
infant. CXRs were reported by other experienced pediatric
radiologists of the department, apart from J.L. The clini-
cal condition of each infant was estimated by an experi-
enced neonatologist (A.D.). The double lung point sign,
characteristic of transient tachypnea of the newborn, was
ultrasonographically excluded in each patient as a possible
cause of respiratory distress [15].

L-US examinations were performed using both trans-
thoracic and trans-abdominal approach. The trans-tho-
racic US approach included examination of the anterior
(between the sternum and the anterior axillary line), lat-
eral (between the anterior and posterior axillary lines)
and posterior (between the posterior axillary line and the
spine) lung areas in caudocranial direction. Anterior and
lateral lung areas were evaluated in supine position, while
posterior lung areas were examined in lateral decubitus
positions. The trans-abdominal US included the trans-
hepatic and trans-splenic approach to examine both lung
bases in supine position of the patient.

These two US techniques provided division of each
hemithorax into four lung areas, i.e. eight lung areas per
patient. The right lung base was examined by trans-hepatic
approach, while right anterior, lateral, and posterior lung ar-
eas were examined by trans-thoracic approach. The left lung
base was examined by trans-splenic approach, and trans-
thoracic approach was used to examine left anterior, lateral

and posterior lung areas. Longitudinal and transverse (inter-
costal) sections were used in the trans-thoracic examinations
of each lung area. Oblique transverse sections were mostly
used for the trans-hepatic approach, whereas oblique longi-
tudinal sections were used for the trans-splenic approach.

Normal L-US findings

The pleura is trans-thoracically visualized as a smooth,
echogenic line, whose thickness is normally up to 0.5 mm
[16]. The evaluation of the pleura also includes the “lung
sliding” sign, which represents the sliding of the visceral
pleura over the parietal pleura [9].

Underneath the pleura are the lungs, filled with air,
which disables the visualization of the lung parenchyma.
However, horizontal artifacts resulting from the high
acoustic impedance between the visceral pleura and the
lung parenchyma are seen, and are called A-lines - the
parallel echogenic lines below the pleural line, equally
distanced from one another (Figure 1) [20, 21]. If the
US examination of the lung bases is performed using
the trans-abdominal approach, with the liver or spleen
forming the acoustic window, it is normally based on the
acoustic phenomenon of “mirror image,” which is a supra-
diaphragmatic projection of the liver or spleen [11, 22].

Pathological L-US findings

When the parenchymal disease propagates to the pleura,
an acoustic window is formed and this creates a transmis-
sion of an ultrasound beam, enabling the evaluation of
lung tissue. The absence of alveolar air in the lung periph-
ery is visualized as a hypoechogenic area, representing the
subpleural consolidation (Figure 2) [10].

Figure 1. Normal lung ultrasound finding using the trans-thoracic ap-
proach in a transverse (intercostal) section

Figure 2. Subpleural consolidation (marked with asterisks) using the
trans-thoracic approach
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Figure 3. B-line

The presence of the vertically oriented “comet tail”
artifacts in the lungs, called B-lines, is a result of the ac-
cumulation of fluid in the subpleural interlobular septa
surrounded by air [23]. B-lines extend from the pleural
line to the bottom of the screen. They are hyperechogenic,
sharply defined, erase the A-lines, and move with “lung
sliding” (Figure 3). Depending on the amount of B-lines,
the interstitial edema (B-lines combined with “spared” ar-
eas of normal L-US finding) and alveolar-interstitial ede-
ma (compact pattern of B-lines) can be recognized [23].

Grading system of L-US findings

In order to provide more precise and adequate evaluation
and classification of L-US findings, the following grading
system has been applied for each examined lung area, us-
ing the longitudinal section in the trans-thoracic approach,
and oblique transverse and oblique longitudinal sections in
the trans-abdominal approach. Grade 1 stands for a nor-
mal finding (Figure 4). Grade 2 stands for a distribution of
B-lines in less than 50% of the visualized lung area (Figure
5). Grade 3 stands for a distribution of B-lines within the

Figure 4. Normal lung ultrasound finding trans-hepatically (“mirror
image”phenomenon, leftimage), and trans-thoracically (right image),
on longitudinal section

Figure 5. Grade 2, using the trans-thoracic (left image) and the trans-
hepatic approach (right image)

Figure 6. Grade 4, using the trans-thoracic (left image) and the trans-
hepatic approach (right image)

half of the lung area, whereas their distribution over 50%
corresponds with grade 4 (Figure 6). Grade 5 stands for
a compact pattern of B-lines which extend through the
whole lung area (Figure 7). The worst finding, graded 6,
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Figure 7. Grade 5, using the trans-thoracic approach

presents with subpleural consolidation in the lung area,
regardless of the relation between A- and B-lines.

Based on the proposed L-US grading system, L-US
findings in all infants were compared before surfactant
administration, and within the first hour and 20-24 hours
after surfactant administration at each examined lung
area. In preterm infants with CXRs performed before and
within 24 hours after surfactant application, the compari-
son between L-US and CXR findings was made. In each
infant the number of lung areas with regression of L-US
tinding was recorded, and the lung areas with the highest
frequency of improvement of L-US finding were detected.

RESULTS

During the first hour after surfactant administration, in
eight out of 12 patients the regression of L-US findings in
at least one lung area was detected, showing an improve-
ment of one to two grades. An improvement of up to four
grades, in relation to initial examination prior to surfactant
administration, occurred in all infants between 20 and 24
hours after surfactant application at one or more lung ar-
eas. In preterm infants with CXRs performed before and
within 24 hours after surfactant application, the improve-
ment of L-US findings was consistent with improvement
of the CXR findings (Figures 8, 9 and 10).

Figure 8. Change of the US finding at the right lung base, using trans-hepatic approach, from a grade 6 (prior to surfactant administration,
left image), over a grade 4 (0.5 hours after surfactant administration, image in the middle), to a grade 2 (22 hours after surfactant application,

image to the right)

Figure 9. Change of the US finding at the anterior left lung area (trans-thoracic approach) from a grade 5 (prior to surfactant administration,
left image), over a grade 3 (0.5 hours after surfactant administration, image in the middle), to a grade 1 (22 hours after surfactant application,
image to the right)

doi: 10.2298/SARH1512669L



Srp Arh Celok Lek. 2015 Nov-Dec;143(11-12):669-675

Figure 10. Chest X-ray findings in the same child as in the Figures 7 and 8 just before (A) and 22 hours after (B) surfactant application. A - re-
spiratory distress syndrome (RDS), B - significant regression of RDS signs

Table 1. The number of preterm infants with an improvement of lung
ultrasound finding at examined lung areas within the first 24 hours
after surfactant administration

Lung area H Ar | Lr Pr S Al LI Pl
Preterm infants | 4 10 4 6 2 6 8 6

H - trans-hepatic approach to the right lung base; S - trans-splenic approach
to the left lung base; trans-thoracic approach to the: Ar — anterior right, Al -
anterior left, Lr — lateral right, LI - lateral left, Pr — posterior right, Pl - posterior
left lung areas

In four preterm infants an improvement of the L-US
findings was observed in one lung area within the first 24
hours after surfactant application, whereas the regression
of L-US findings visualized at three, four, six and all eight
lung areas was equally distributed throughout the remain-
ing eight infants (two per each).

The improvement of L-US findings was most com-
monly observed in anterior lung areas (right and left) -
16 times, followed by lateral and posterior lung areas — 12
times both (Table 1).

DISCUSSION

The application of L-US in preterm infants with RDS has
so far been evaluated only in a small number of studies
[11, 13, 16, 17, 18]. In some of these studies the trans-
abdominal approach was used exclusively [11, 13], but the
major step forward seems to be the introduction of the
trans-thoracic approach in newborns with transient tachy-
pnea in the Copetti and Cattarossi’s [15] study. It allowed
evaluation of all the lung areas, and not only the bases, and
was later applied for the first time in the diagnosis of RDS
by Copetti et al. [16]. This study showed no significant
changes of L-US findings in preterm infants before and
after the administration of surfactant in the first 48 hours
of life [16]. These results were further confirmed by animal
experiments [17]. In one study L-US examinations were
performed using the combination of the trans-thoracic
and trans-abdominal approach [18].

Our everyday experience showed that although the
lung bases could be in most cases adequately visualized

using the trans-thoracic approach, with a certain num-
ber of patients the US findings on the lung bases were
clearer and more precise when using the trans-abdominal
approach. Therefore, we performed each L-US examina-
tion using a combined US technique, i.e. using both the
trans-thoracic and trans-abdominal approach. The need
to grade US findings in each lung area emerged. Up to
now, the US findings in the lungs were distinguished as
normal, interstitial edema, alveolar-interstitial edema and
subpleural consolidation, or divided into the three types,
as in the study of Raimondi et al. [16, 19, 23]. In order to
establish an easily applicable and more precisely defined
grading of L-US findings, we proposed the new grading
system ranging from 1 to 6, where grade 1 presented a
normal finding and grade 6 the subpleural consolidation.
The grades from 2 to 5 depended on the ratio between
the B-lines and the “spare areas” of normal L-US finding
defined by the horizontal A-lines.

Even though previous studies suggested that the ad-
ministration of surfactant in preterm infants with RDS
does not affect the interstitial compartment and lung water
clearance [16, 17], we showed the improvement of L-US
findings in each of the 12 preterm infants within the first
24 hours after application of the same type of exogenous
surfactant (Curosurf) as in the study by Copetti et al. [16].
In four preterm infants, this improvement was observed in
only one lung area, but in the rest of the infants it was de-
tected in three and more lung areas, in two patients even in
all eight of them. The most common was an improvement
of L-US findings in anterior lung areas (right and left).

We can only hypothesize about the reasons of regres-
sion of L-US findings. Sometimes an improvement was
very subtle, especially within the first hour after surfactant
administration. We think that the proposed grading sys-
tem gives the ultrasonographer an opportunity to observe
even some discreet changes, which may easily go unde-
tected. The most frequent improvement of L-US findings
in anterior lung areas might be the result of mostly supine
position of preterm infants in incubators, which might en-
able the fastest interstitial fluid clearance due to the force
of gravity, opposed to the reduced ventilation in the pos-
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terior lung areas. Also, our results might indicate the need
to reconsider the standpoint that surfactant administration
in preterm infants affects only the alveolar space, and not
the interstitial compartment [16, 17]. The use of L-US in
monitoring surfactant replacement therapy effects might
also have a potential to reduce the number of CXRs in
NICUs, and decrease the dose of ionizing radiation pre-
term infants are exposed to.

Our study has certain limitations. Even though blinded
for the CXR and clinical findings prior to each US ex-
amination, a single experienced pediatric radiologist per-
formed and evaluated all L-US examinations. However, the
issue of inter- and intra-observer variability in the inter-
pretation of L-US findings is reported to be significantly
less relevant compared to the CXR findings [16, 24]. On
the other hand, it is reasonable to hypothesize that similar
results might not be immediately achieved by less experi-
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KPATAK CAAPXKA)J

YBop lNpetxoaHo 06jaBrbeHe CTyamje Cy nokasane fa ce epextu
Tepanuje cypdakTaHTOM Ko MpeTepMm1HCKe HOBOpoheHuYaau ¢
pecnmpaTtopHum guctpec cuHgpomom (PAC) He mory npatuTy
nomohy yntpa3sByka nnyha (Y3I).

Liwn papa Linb paga je 61o ga ce npoueHe edpekTu ieyetba
cypdakTaHTOM Kof HegoHolwyaau ca PAC kopuctehn HoBU
NpPeanoXeHN CUCTeM CTeneHoBaHa Hanasa Y3[l.

MeTtope papa Ctyauja je obyxsatina 12 HoBopoheHuyaau po-
HeHe npe TepMUHa C KITMHUYKUM 1 paguorpadCckum 3Haumma
PLC kog, kojux je Y3l 6110 HaunkeH npe 1y npea 24 Yaca HakoH
npumeHe cypdaktaHTa. la 6rcmo oueHnnn edekte Tepanuje
cypdaKkTaHTOM, NPEeSIOKUIN CMO HOBW CUCTEM CTEMEHOBatbA
(1-6) 3a Hanase Y3y cBakoj npernegaHoj nayhHoj 30HU Koju

MpumrbeH « Received: 20/10/2014

je 3aCcHOBaH Ha NoCTojakby HOPMAJTHOT Hasasa, CyonneypanHux
KoHconupauumja 1 3acTyn/beHocTu b nuHuja.

PesyntaTtm Kop cBe npeTepmMrHCKe HOBOpOheHUYaay youeHo je
nobosbluare Hanasa Y3I o jeaHor [o YeTpy CTeneHa TOKOM
npBa 24 yaca of nprmeHe cypdakTaHTa, WTO AoCaf HUje obja-
BJbeHO. Mobosbliatbe Hanasa Y3 je Hajuewwhe 6uno BUgbBo
y npearnm pervjama nnyha.

3akrmyuak Y31 moxe ga omoryhu paHo oTkprBatbe edekata
Tepanuje cyppaktaHToM. HeonxoaHo je ypaanTn HOBe Npo-
CMeKTUBHeE cTyauje Koje 6u jacHo geduHucane ynory Y3My
0BOj 06nacTy.

KrbyuHe peun: cMHLPOM pecnpaTopHOr AUCTPEeCa; NpemarTy-
pyc; ynTpa3Byk; nnyha; cypdaktaHT
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