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Abstract

Objective. Hyperechoic lung images are largely detected prenatally but their underlying etiology is still poorly defined. The aim

of the study was to determine the concordance between pre and postnatal diagnosis of prenatal hyperechoic lung images. Design.

Retrospective monocentric study Setting. University Hospital of Necker-Enfants malades from January 2009 to December 2018

Population. All fetuses with prenatal hyperechoeic lung images. Methods. Prenatal ultrasound evaluation was performed

by a fetal medicine specialist. Postnatal diagnosis was based on CT-scan. Pre- and postnatal features were retrieved from

medical charts. Main outcome measures. Accuracy of the prenatal diagnosis in the identification of the malformations and

the prediction of postnatal symptoms. Results. 75 patients were included. Main prenatal diagnoses were bronchopulmonary

sequestrations (BPS) (n=24-32%), pulmonary cystic malformations (PCM) (n=19-25%), congenital lobar emphysemas (CLE)

(n=15-20%). Mediastinal shift was observed in 18 cases (24%); in utero intervention was required in 2. For BPS, the prenatal

detection of a systemic arterial supply had a sensitivity of 96%, a specificity of 83%, a PPV of 77% and an NPV of 98%. For

PCM, the prenatal detection of a cystic component had a sensitivity of 69%, a specificity of 69 %, a PPV of 67% and a NPV of

71%. All 16 neonates with prenatal isolated mediastinal shift were asymptomatic at birth. Seven neonates (CLE=5, BPS=1,

BC=1) showed respiratory distress that were not predicted prenatally. Conclusions. Hyperechoic lung malformations reflect a

heterogeneous group of lesions. Symptoms at birth are present in 9% and cannot be predicted by prenatal features.

METHODS

This is a retrospective study of all consecutive patients diagnosed prenatally with hyperechoic lung images
examined at our institution between 2009 and 2018. The study was approved by the institutional review
board and no written consent was required from the families.

Information on pre- and post-natal periods and imaging were retrieved from the medical charts. Prenatal
evaluation was performed by a fetal medicine specialist and monthly serial ultrasound examination was
performed from referral and up until delivery using a Voluson 730, Expert E8 or E10 (General Electric,
Zipf, Austria). Each ultrasound examination included description of the mass and its evolution since the
last exam: laterality, echogenicity, detection or absence of a feeding systemic arterial supply, and size in the
three plans. Fetal hemodynamics was also serially assessed. Presence or absence of complications defined
as mediastinal shift, compression of neighboring organs, signs of heart failure, polyhydramnios and hydrops
were evaluated.

Gestational age at birth and birth weight were recorded; neonatal and postnatal respiratory signs and
symptoms were assessed in all cases. The correlation between prenatal ultrasound features and neonatal
symptoms was examined. Postnatal management included confirmation of the prenatal findings by chest

1



P
os

te
d

on
A

u
th

or
ea

6
M

ay
20

20
—

C
C

B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

88
02

26
.6

94
79

18
6

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

x-ray in the first days of life and thoracic CT-scan without contrast injection or MRI within the first 6
months of birth.

The need for surgery was assessed by a pediatric surgeon based both on clinical symptoms and CT-scan
features. When surgery was required, the histology of the malformation was studied. When conservative
management was decided, imaging follow-up was based on CT-scan with low radiation dose. Patients
with macrocystic malformation (BC, PCM or hybrid masses) were always referred for surgery, even when
asymptomatic. This decision was taken considering the risk of over infection of the cysts, the surgical
difficulties after infectious complications and the potential for malignancy. Patients with CLE were operated
only when showing respiratory symptoms or signs of compression on follow-up CT-scan. In case of BPS, the
surgical indication was based on the presence of secondary clinical symptoms, increase in size of the lesion
on follow-up imaging or large systemic arteries.

Data Analysis

Statistical analysis was performed with StatView (Version 5.0). Qualitative variables were expressed as
percentages and quantitative variables as mean and standard deviation. Comparison of frequencies of each
categorical variable was done by the Fisher’s Exact test. All statistical tests were two-sided and p-value
lower than 0.05 was considered statistically significant.

RESULTS

There were 75 cases of hyperechoic prenatal lung images and the mean postnatal follow-up was 3.01 ± 1.92
years. Forty-two (56 %) were boys and 33 (44 %) girls. The mean gestational age at first prenatal ultrasound
was 23.6 ± 2.7 weeks of gestation. Forty-nine cases were left-sided and 26 right-sided.

Prenatal features

In 28 cases (37 %) ultrasound examination detected a feeding systemic arterial supply and the proposed
diagnosis was BPS in 24 patients and hybrid malformation in 4. Thirteen (46 %) of them showed mediastinal
shift, while ascites developed in 1 case at 22 weeks’ of gestation (Figure 1 ). Because of the persistence of
the ascites, a drain was placed at 28th week of gestation. In this case, postnatal diagnosis was BPS.

In 47 cases (63%) no systemic feeding arterial supply was identified prenatally and the diagnosis of other
malformations was proposed: 7 BC, 19 PCM, 15 CLE and 6 without defined prenatal diagnosis. Five (11%)
of them had mediastinal shift. In one case, the hyperechoic image was associated with a cystic mass since first
ultrasound examination at 14 weeks’ of gestation. A compressive BC was suspected with hydropic changes
and a cystic-amniotic shunt was placed at 22 weeks’ (Figure 2 ). The aspect remained stable until birth at
29 weeks’.

Among all 75 patients, mediastinal shift was observed in 18 cases (24%). Prenatal procedure was required
in two cases because of symptomatic compression, as described above.

The identification of a systemic arterial supply was significantly more associated with mediastinal shift (46%
vs 10%, p = 0.0007).

Prenatal / neonatal concordance

For the 75 cases, the final diagnosis based on post-natal CT-scan or post-operative conclusion was BC in 5
cases (7%), PCM in 5 cases (7%), hybrid malformations in 10 cases (13%), BPS in 25 cases (33%) and CLE
in 30 cases (40%).

On postnatal evaluation, 35/75 (45%) patients had a systemic arterial supply, confirming a BPS or a hybrid
malformation. Among them, 27 had a prenatal detection of a systemic arterial supply. In one case a systemic
arterial supply was described in the prenatal ultrasound, but not confirmed after birth (one patient with
CLE).
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The prenatal detection of a systemic arterial supply had a sensitivity of 96%, a specificity of 83%, a positive
predictive value of 77% and a negative predictive value of 98%.

On postnatal evaluation, 37/75 (49%) patients had a malformation with cystic component: BC, PCM or CLE
associated to a bronchocele. Among them, 25 had a prenatal cystic component associated to the hyperechoic
image. In 11 cases a cystic component was described in the prenatal ultrasound, but not confirmed after
birth (CLE or BPS).

The prenatal detection of a cystic component had a sensitivity of 69%, a specificity of 69 %, a positive
predictive value of 67% and a negative predictive value of 71%.

Postnatal outcome

All 75 fetuses were alive at birth. The mean gestational age at birth was 38.7 ±2.1 weeks and the mean
weight at birth was 3208 ±486 g.

None of the patients with isolated mediastinal shift developed neonatal symptoms (Figure 3 ). Seven patients
(9%) showed neonatal symptoms with respiratory distress. Two of them had spontaneous resolution and 3
needed urgent intubation. Five of the 7 patients with neonatal symptoms were diagnosed as CLE on the
post-natal imaging, one as BC and one with BPS. The symptoms appeared at birth in 5 cases, at day 10 and
day 28 in the other 2 cases. The two patients with acute prenatal symptoms developed post-natal respiratory
symptoms at birth that lead to neonatal surgery. The patient with prenatal ascites and compression died
4 days after the resection of a thoracic extralobar sequestration, due to uncontrollable pulmonary arterial
hypertension. The other patient had an excision of the infected BC and was discharged after 33 days. The
details of patients with neonatal symptoms are reported in Table I.

During the long-term follow up, 21 patients (28%) developed respiratory symptoms: recurrent bronchiolitis
or asthma in 14 and pulmonary or bronchial infection in 7.

The diagnosis of these symptomatic cases was: PCM in 2 cases (9%), hybrid malformations in 5 cases (24%),
BPS in 9 cases (43%) and CLE in 5 cases (24%).

The details of the symptoms according to the final post-natal diagnosis are described in Table II .

In total, 43 patients (57%) were operated. The mean age at surgery was 1.31 years (± 0.73).

The histological findings concluded to: 15 BPS (35%), 10 hybrid malformations (23%), 5 PCM (12%), 8 CLE
(18%) and 5 BC (12%) (Figure 4 ).

At the last review, all the patients were symptom free.

Considering the type of the malformation on the post-natal CT scan, surgery was realized in 5/5 of BC, 5/5
of PCM, 10/10 of hybrid malformations, 15/25 BPS (60%) and 7/30 (23%) of CLE.

DISCUSSION

Hyperechoic lung images on prenatal ultrasound examination form a heterogeneous group of malformations
characterized by an increased echogenicity, usually detected by high-resolution ultrasound during the second
trimester of pregnancy 10. Even if this notion is now well accepted, with recent reviews on the subjects13,18,
very few series are published. Cavoretto at al.9 described the largest cohort with 193 cases, in which only
two types of malformations were identified before and after birth (congenital cystic airway malformations-
CCAM- and BPS). The series of Illanes et al. 11 used the same classification with 43 CCAM and 5 BPS, but
in half of the operated cases the prenatal diagnosis was not confirmed. More recently, Kane et al. added a
third group (hybrid malformations) 12. The confirmation of the diagnosis was good but obtained only for the
operated cases (11/13), because no systematic CT scans were performed after birth, leading to an incomplete
analysis. In these 3 series no case of CLE was reported, whereas it is now recognized as one of the main
causes of prenatal hyperechoic images 19, 20. Based on a systematic post-natal imaging, our series shows in
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detail that various congenital lung malformations can have a prenatal hyperechoic aspect: CLE, PCM, BC,
BPS and hybrid malformation.

Microcystic images were not strongly associated to post-natal cystic images, with sensitivity and a specificity
of about 70%. On the other hand, the prenatal detection of a systemic arterial supply had a sensitivity of 96%
and a specificity of 83%. Then, while the prenatal diagnosis of a BPS is certain, based on the association of
a hyperechoic image and a systemic artery 2, 9, the presence of a hyperechoic zone without the visualization
of a systemic artery can lead to various final diagnosis.

Even though compressive signs are exceptional, they can be considered as an indication for a prenatal
procedure. In our two cases, they were diagnosed early, at 22 weeks’, according to the published previous
cases, stressing the importance of the 2nd trimester evaluation and a close ultrasound monitoring 12. For
all these reasons, we propose a cautious prenatal approach for hyperechoic images, avoiding the term of
microcystic that appears confusing and strong enough, and focusing on the morphological description of the
images and the local consequences.

Concerning the associated prenatal features, mediastinal shift was frequently observed (1/4 of our patients),
especially in those with BPS. In agreement with previous series, mediastinal shift was not associated to
higher risk of neonatal symptoms and, when isolated, it should not be interpreted as a sign of increased
morbidity 21-23. Moreover, among the 7 patients with neonatal symptoms, 5 had no compression signs on the
prenatal ultrasound and the final postnatal diagnosis was variable (cf Table 1). These data lead us to think
that neonatal respiratory failure or secondary symptoms cannot be anticipated by the prenatal evaluation.
Congenital lung malformations should thus be referred to an expert perinatal team to organize the neonatal
management.

Systematic post-natal imaging showed that all the malformations were present after birth and during the 3
years mean follow-up. Even though few cases of complete regression of lung malformations have been descri-
bed and well-documented, it has to be considered as an exceptional event and should not be strengthened
during the prenatal counseling. Recent evaluations have shown that the changes in the lung echogenicity in
the 3rd trimester (or signal intensity on prenatal MRI) could be the physiological explanation of the apparent
regression, reported in the historical series 24. All cases with abnormal echogenicity of the lungs should be
controlled after birth, even in cases of disappearance on the late US evaluations.

According to our practice, close to 60% of the patients were operated. The natural history of congenital lung
malformations varies widely from asymptomatic cases to severe cardiopulmonary symptoms. Whereas there
is an agreement for the surgery of all the symptomatic lung malformations, the management of asymptomatic
patients is still controversial25,26. Some clinicians would advise the excision of the malformation, while others
could argue that the risks are not high enough to warrant subjecting the child to a major operation and its
potential complications 27,28. Apart from the risk of pulmonary infections, the risk of malignancy remains
the most worrying factor for surgeons who recommend prophylactic excision of asymptomatic patients with
cystic components (PCM and BC), that is our policy29-32. CLE and BPS were thus treated conservatively
with secondary symptoms during the follow-up period twice more frequent in BPS.

This large series confirms that the ability to correctly defined congenital lung malformations by prenatal
ultrasound is limited18, except when a hyperechoic image is visualized in association with a systemic artery
that could highly predict a BPS. Prenatal imaging should then mainly focused on the description of the
images and the local consequences more than trying to name a malformation.
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TABLES

Table I. Antenatal details of patients with neonatal symptoms.

Antenatal Antenatal Antenatal Neonatal symptoms* Neonatal symptoms* Neonatal symptoms* Neonatal symptoms*

Mediastinal shift Systemic supply Prenatal procedure Birth term Birth weight Days at symptoms Final diagnosis
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Antenatal Antenatal Antenatal Neonatal symptoms* Neonatal symptoms* Neonatal symptoms* Neonatal symptoms*

Case 1 No No No 41 3940 28 CLE
Case 2 No No No 38 3315 10 CLE
Case 3 No No No 41 3300 0 CLE
Case 4 No No No 35 2900 0 CLE
Case 5 No No No 39 3220 0 CLE
Case 6 Oui Oui Oui 38 2950 0 BPS
Case 7 No Oui Oui 30 1660 0 BC

CLE= Congenital lobar emphysema, BPS= bronchopulmonary sequestration, BC= bronchogenic cyst

* Respiratory distress, shortness of breath, intercostal retractions, desaturation.

Table 2: Incidence of symptoms according to the final diagnosis

Final Diagnosis Number of patients Antenatal Symptoms Neonatal Symptoms Postnatal Symptoms *

BC 5 1 (20%) 1 (20%) 0 (0%)
PCM 5 0 (0%) 0 (0%) 2 (40%)
Hybrid 10 3 (30%) 0 (0%) 5 (50%)
BPS 25 10 (12%) 1 (4%) 9 (36%)
CLE 30 4 (13%) 5 (17%) 5 (17%)

BC= bronchogenic cyst, PCM= pulmonary cystic malformation, BPS= bronchopulmonary sequestration,
CLE= Congenital lobar emphysema.

* Recurrent bronchiolitis, asthma, pulmonary or bronchial infection.
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