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Abstract

Lung ultrasound has been recognized as a valid imaging method for diagnosing and monitoring COVID-19 pneumonia
in pregnant women. The present review aimed to summarize the main findings reported in the literature and international
guidelines on the role of lung ultrasound in the care of pregnant women affected by COVID-19. A search strategy was
developed and applied to PubMed, Scopus, Web of Science and EMBASE to identify previous papers reporting the utility
of ultrasound in diagnosing and monitoring COVID-19 pneumonia. The search retrieved 369 articles and 23 of these were
selected for analysis. The articles mainly focused on the definition of the procedure, development of training programs
for obstetricians managing pregnant women with suspicion of COVID-19 and definition of scoring systems. The clinical
applications of lung ultrasound in this setting have also been described. This review could encourage obstetricians to learn
lung ultrasound to use during critical events like a pandemic.
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AHHOTauusA

YnbTpassykosoe uccrieqosaHue (Y3WM) nerkux npusHaHo 0BOCHOBAHHbIM METOAOM WCCMELOBaHUS AN OUarHOCTMKM
1 MoHUTOpPUHra nHeBMoHUM npu COVID-19 y 6epemeHHbIX xeHLmH. Llenbto HacToswwero 063opa sensetca 06o6bLieHne
OCHOBHbIX Pe3ynbTaToB UCCNeA0BaHuUA, NPeaCTaBNeHHbIX B NUTEpaType U MeXZyHapOoOHbIX PYKOBOACTBax 0 pomu Y3U
nerkux B HabogeHnn 6epemeHHbIX xeHwwuH ¢ COVID-19. ina ot6opa onybrnukoBaHHbIX cTaten 06 ucnonbaosaHun Y3W
O ANarHoCTUKM W MOHMTOpUHra nHeBMoHuKM npu COVID-19 6bina paspaboTtaHa cTpaTers noucka, kotopast npuMeHeHa
B PubMed, Scopus, Web of Science 1 EMBASE. B pesynbTaTte noucka HaiigeHo 369 ctateit, 23 13 KOTOpbIX BblbpaHbl Ans
aHanuaa. B 0CHOBHOM CTaTbi MOCBSLLEHbI ONUCAHMIO TEXHUKW NpoBedeHus Y3W nerkux, paspaboTke nporpamm obyyeHus
akyLlepoB, BeayLmx HabnoaeHre 3a GepemeHHbIMM ¢ nogospeHnemM Ha COVID-19, u paspaboTke BanmbHbIX CUCTEM OLLEH-
KW pesynbTaToB UcCrnefoBaHus. Takke onucaHa KIuHUYeckas npumeHumocTb Y3W nerkux B aTux ycnosusx. MNpeacrasne-
HbI 0630p MOXET NOBYAMTb aKyLLEpOB U3y4aTb METOAWKY NPOBEAEHUS U UHTEpNpeTaLmmn Y 3U nerkux — MeToauky, kotopas
MOXET 1CMOMNb30BaThCA B TAKUX KPUTUYECKUX YCIIOBUSX, KaK NaHAEMMS.
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HIGHLIGHTS KNOYEBBIE MNONOXEHUA

Lung ultrasound could play an essential role in the management
of COVID-19 pneumonia in pregnant women.

Pneumologists use lung ultrasound to detect pulmonary consolidations
with high sensitivity and specificity.

There are few data in the literature about the use of lung ultrasound
in COVID-19 pregnant women.

With the patient in a supine position, the ultrasound examiner can simply
move the probe from the abdomen to the chest, scanning the anterior
and lateral areas of the thorax.

Lung ultrasound is a rapid, low-cost, safe and bed-side method
for pregnant women.

Lung ultrasound is an easily learnable method that could be taught all
over the world.

To identify a standardized approach, different image scoring systems
have been proposed.

In developing areas like low- and middle-income countries, ultrasound
may be the only useful radiological service.

At the outbreak of the COrona VIrus Disease 2019
(COVID-19) pandemic, the scientific community needed
to evaluate the severity of lung involvement rapidly
and in a standardized way. Even if chest computed
tomography (CT) is the best imaging method in the
diagnosis of COVID-19 infection, lung ultrasound (LUS)
was quickly recognized as a tool for the diagnosis and
monitoring of pneumonia [1]. In recent years, LUS has
gained a diagnostic role in acutely dyspneic patients [2].

Pneumologists use LUS to detect pulmonary
consolidations with high sensitivity and specificity,
to study chronic obstructive disease, asthma, pulmonary
embolism and pneumothorax, with a positive predictive
value ranging from 83 to 100% [3, 4]. In the pediatric
fields, LUS is also used to detect typical acute
respiratory distress syndrome patterns of bilateral diffuse
loss of aeration, as well as several other respiratory
conditions, including the commonest disorders like
pneumonia and bronchiolitis [5, 6]. LUS examination
represents a substitute for chest radiography or CT since
it is practical, reliable, cost-effective, and safe.

Ultrasound examination can be carried out at the bedside
avoiding unnecessary movement and risks for clinicians.
These advantages are more important for vulnerable
patients, such as pregnant women. Physiological changes
during pregnancy have a significant impact on the immune
system, respiratory system, cardiovascular function, and
coagulation: these may have effects on COVID-19 disease
progression and lung involvement.

In the literature, there are few reviews and case
reports about the role of LUS in evaluating COVID-19
disease in pregnant women. The current review aims
to summarize the main findings reported in both literature
and international guidelines on this role.

28

YnbTpa3sByKkoBOe UCCReS0BaHNE NErKUX MOXET UrpaTh BaxHYI0 posib
B Jle4eHnn nHeBMoHun npy COVID-19 y 6epemeHHbIX.

[TynbMOHOMOM NPUMEHSAIOT YNbTPA3BYKOBOE MCCMENoBaHNE Nerkux Ans
0OHapyXeHNs! yNNOTHEHWS NEr0YHOM TKaHM C BbICOKOW YyBCTBUTENBHO-
CTbH 1 CNELMBUYHOCTBHO.

B nutepatype Mano AaHHbIX 06 MCMONb30BaHUN YNbTPa3BYKOBOTO WC-
cnepoBaHus nerkux y 6epemeHHbix ¢ COVID-19.

B nonoxeHwn nauueHTa nexa Ha CnnHe cneuuanmet no YyNbTpasByKoBO-
My 1ccrneaoBaHNo MOXET NPOCTO NEPEMECTUTb AaT4KK C 6pl0LIJHOI7I nosno-
CTW Ha rPYAHYI0 KNETKY, CKaHUpyA ee nepeaHon 1 60KOByl0 obnactu.

YnbTpa3ByKoBOE MCCIeL0BaHNE NIErkux — 310 ObICTPbINA, HEAOPOroM
1 6e3onacHbIn MeTog Anst 6ePEMEHHbIX KEHLUMH, KOTOPbIA MOXET UC-
Morb30BaThCS Y MOCTENM NaLWEHTa.

YnbTpa3sByKoBOe UCCMe[0BaHME NETKX — 3TO METOZ, JIErkoro 0byyeHus,
KOTOPOMY MOXHO Hay4uTb BO BCEM MUPE.

Ons onpeneneHna CtaHa4apTU3MPOBaHHOIO Noaxoda npeanoxeHbl pas-
NWYHble GannbHbIe CUCTEMbI OLIeHKKN I/1306pa)KeHVII;1.

B cTpaHax ¢ H13kuM 1 CpeaHUM YpOBHEM [0X04a ynbTpa3BykoBoeE
1CcCnenoBaHne MOXET ObiTb €AMHCTBEHHBIM MONE3HLIM METOAOM Auar-
HOCTUKN.

METHODS

Review of the literature

A search strategy was developed and applied
to PubMed, Scopus, Web of Science and EMBASE
to identify previous studies reporting LUS as a tool for
diagnosis of pregnant women with COVID-19. We
used the following words for selection “covid” and
“pregnancy” and “lung ultrasound”, “lung ultrasound” and
“pregnancy”, “lung ultrasound” and “pregnant women”.

RESULTS

The search retrieved 369 articles, a selection from
abstracts and full texts, yielded 23 publications. We
found one prospective study, one retrospective study,
three reviews, two case series, five case reports, nine
letters, and one guideline. We divided the selected papers
into three main subgroups: definition of the procedure,
training program, score systems and clinical applications.

Definition of the procedure

Many authors described how to perform LUS
in different settings (i.e. obstetrics, emergency,
paediatrics). For example, at Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Rome, Italy,
a practical approach has been proposed for obstetricians
and gynaecologists to manage pregnant women
during the COVID-19 pandemic. Obstetricians and
gynaecologists represent a category of clinicians who
use ultrasound during their routine practice, and it would
be easy for them to extend the examination to the lungs.
Therefore, LUS can be considered as an ‘extension’ of the
obstetric abdominal ultrasound evaluation. Both linear
and convex probes can be used, but linear ones are better
for evaluating details of the pleural line and subpleural
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space due to their high frequencies and resolution. With
the patient in a supine position, the ultrasound examiner
can simply move the probe from the abdomen to the chest,
scanning the anterior and lateral areas of the thorax [6].

The examination of the lung should include
the whole pulmonary area, from basal to upper zones
of the thorax. Four vertical lines (right mid-axillary
line, right parasternal line, left parasternal line, left mid-
axillary line) can be followed to perform a systematic
examination. The next step is to scan the posterior
paravertebral surface of the thorax with the patient
in a sitting or lateral position [7].

M. Yassa et al. also described how to perform the LUS
on pregnant women: for each patient fourteen areas (3
posterior, 2 lateral, and 2 anterior) were scanned for at
least 10 seconds [8].

The exam was performed in supine, right-sided and
left-sided positions. Where applicable, scanning from
the intercostal space is preferred.

G. Soldati et al. proposed the same standard sequence
of evaluations of fourteen areas (3 posterior, 2 lateral, and
2 anterior), using landmarks on chest anatomic lines [9].

For a patient able to maintain the sitting position
the sequence includes: right basal on the paravertebral line
above the curtain sign; right middle on the paravertebral
line at the inferior angle of the shoulder blade; right upper
on the paravertebral line at the spine of the shoulder blade;
left basal on the paravertebral line above the curtain sign;
left middle on the paravertebral line at the inferior angle
of the shoulder blade; left upper on the paravertebral
line at the spine of the shoulder blade; right basal on
the midaxillary line below the internipple line; right upper
on the midaxillary line above the internipple line; left
basal on the midaxillary line below the internipple line;
left upper on the midaxillary line above the internipple
line; right basal on the midclavicular line below
the internipple line; right upper on the midclavicular line
above the internipple line; left basal on the midclavicular
line below the internipple line; and left upper on
the midclavicular line above the internipple line.

Development of training program. One single

experience

To date, only one standardized training experience
has been reported. a research team in Rome, Italy,
developed a specific single day training program
to provide gynaecologists and obstetricians, already skilled
in ultrasound examination, with the theoretical background
for the recognition of the main LUS patterns. The program
design was presented to the COVID-19 Research Ethical
Committee who evaluated and approved the project
[10]. The teachers were two pneumologists and one
paediatrician skilled in LUS. They all have more than 10
years of experience in LUS practice, research and teaching.
The teaching program is available on a dedicated website'.

AKYWEPCTBO

The training program consisted of three phases:
a phase 1 of 15 minutes pre-test, including 10 ultrasound
video clips submitted to 11 learners. Each video showed
normal (pattern = 1) or typical pathological (patterns =
2-6) lung ultrasound patterns; phase 2 consisted
of a theoretical lesson on LUS findings both normal
and pathological; phase 3 consisted of 15 minutes post-
test to verify the knowledge acquired. During post-test
analysis, the ultrasound patterns were divided into two
groups (pattern 1 = normal and patterns 2—6 = abnormal),
8/10 participants correctly discriminated normal from
pathological patterns in all cases, 2/10 in 90% of cases,
and 1/10 in 80% of cases. This experience is a useful
preliminary step for teaching theoretical LUS skills [10].

During the COVID-19 emergency the University
Centre for International Solidarity of Universita
Cattolica, in Rome, (CESI) and Fondazione Policlinico
Universitario A. Gemelli, IRCCS, in Rome, promoted
a distance learning project called “Fast lung ultrasound
teaching program beyond Europe during COVID-19
pandemic: Africa’s reality”. Ten doctors, together with
physicists and engineers from the University of Trento,
prepared a training protocol to support doctors and
health care workers in Africa in the use of LUS. The
ultrasound equipment, available in many African
hospitals to monitor pregnant women, can be converted
into a COVID-19 detector?.

Interpretation of the images. Score systems

To identify a standardized approach, different image
scoring systems have been proposed. In a normal lung,
at ultrasound examination, the pleura appears as a highly
hyperechoic horizontal line (pleural line) and hyperechoic,
parallel, horizontal artifacts (‘A-lines’) are visible [11].
A-lines indicate normal inflated peripheral lungs if
combined with the ‘sliding’ of the pleural line [12].

In the cases of viral pneumonia, interstitial lung
disease, pulmonary fibrosis, pulmonary oedema, lung
deflation, or lung contusion, different shapes and lengths
of vertical artifacts, called B-lines, are generated [13].
Another typical pattern of viral pneumonia is the “white
lung”, where white is visible, and the pleural line is
irregular and thickened. The distribution of the white area
can be monofocal or multifocal, patchy, surrounded by
spared areas and with no gravitational distribution. This
pattern is common during the early stage of COVID-19
when no A or B-lines are visible [ 12]. If any consolidation
(hypoechoic areas) appears, there is loss of lung aeration
and a transition of these areas towards acoustic properties
like soft tissue. Below these irregular hypoechoic areas,
vertical artifacts are generally found [14].

A standardized approach to optimize the use
of LUS in patients with COVID-19 has been proposed.
In the setting of COVID-19, wireless transducers
and tablets represent the most appropriate ultrasound

! https://covid19.disi.unitn.it/iclusdb/login

2 https://centridiateneo.unicatt.it/solidarieta-internazionale-studi-e-ricerche-fast-lung-ultrasound-teaching-program
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FIG. Lung ultrasound imaging and the scoring system (A-D). (A) Score 0: a regular pleural line (blue arrow) and A-lines (black
arrows); (B) Score 1: an irregular pleural line (blue arrow) and an isolated B-line (red arrow); (C) Score 2: an irregular pleural line
(blue arrow), multiple B-lines (red arrows), and consolidations (yellow arrow); (D) Score 3: an irregular pleural line (blue arrow),
large area of white lung (white arrow) and subpleural consolidations (yellow arrow).

PUC. VnsrpassykoBoe wcciiemoBaHne JIeTKUX M OammbHas cucteMa (A-D). (A) 0 GayutoB: HempephIBHAS TIEBPAIbHAS JTHHHUSL
(roy0as cTpenka) u A-muHuu (depHbie cTpenkn); (B) 1 6amn: mpepbIBUCTas TUIEBpabHAS TUHUS (CHHSS CTPEKa) U eIUHUYHAS
B-nunus (kpacHas crpenka); (C) 2 6amna: npepbIBUCTas TUICBPaIbHAS JTMHUS (CHHSAS CTpeJKa), MHO)KECTBO B-nuHuit (kpacHbie
CTpeNKK) U KOHcomumanms (kentas crpenka); (D) 3 Oanna: mpepbiBUCTas TUICBpaibHAs TUHUS (CUHSISL CTpeIiKa), OOJbIION yya-
cTOK Oernoro sierkoro (Oenast crpenka) U cyOruieBpaibHas KOHCOMUAAIHS (KENTas CTPEIIKa).

equipment because they can be wrapped in single-use
plastic covers, reducing the risk of contamination.
If these devices are unavailable, portable ones can
be used, although maximum care for sterilization is
necessary. The authors realized an easy score system
to evaluate lung involvement of COVID-19 patients: for
each of the 14 areas evaluated the ultrasound examiner
writes the highest score obtained [9]:

30

Score 0: If you can see a continuous and regular
pleural line with horizontal artifacts, referred to as
A-lines (Figure A).

Score 1: If the pleural line is indented and there
are visible vertical areas (linked to local changes)

referred to as B-lines. Vertical artifacts, resulting
in the so-called sonographic interstitial syndrome
(SIS) are indicative of a hyperdense pre-consolidated
lung state (Figure B).

Score 2: If the pleural line is broken and there are
consolidated areas due to the loss of acration, with
associated areas of white, and with air still present;
this condition is called white lung (Figure C).

Score 3: If there are largely extended parts of white
lung (Figure D) [9].

In recent years, other authors have proposed similar

scores. According to Q. Deng et al each zone was
scored as follows: a normal lung pattern with normal
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lung sliding with A-lines or fewer than two isolated
B-lines was scored as 0; the presence of 3 or more
well-spaced B-lines presented in a single intercostal
space was scored as 1; the presence of crowded B-lines
(more than 50% range in a view) with or without
consolidation limited to the subpleural space was scored
as 2; the presence of confluent B-lines (approaching
100% range in a view) or a tissue pattern with dynamic
air bronchogram, defined as lung consolidation, was
scored as 3 [15]. The most severe ultrasound finding
can be considered representative of the entire zone.
In the same way, L. Ji et al. used the following scores
in line with previous studies: score 0: well-spaced
B-lines < 3; score 1: well-spaced B-lines > 3; score 2:
multiple coalescent B-lines; score 3: lung consolidation
[16]. The pleural line was quantitatively scored as
follows: score 0: normal; score 1: irregular pleural line;
score 2: blurred pleural line [16] (table).
Accordingtoavailableevidence, suspiciousultrasound
findings, even not specific, for COVID-19 pneumonia are
the presence of alterations of pleural line and SIS with
patchy, bilateral distribution in symptomatic patients;
white lung with patchy, bilateral distribution associated
or not with small subpleural consolidations. SIS with
homogeneous bilateral distribution without spared areas
and regular, bright, vertical artifacts with gravitational
distribution, is suggestive of cardiogenic pulmonary
oedema. Moreover, large, unilateral consolidations, as

AKYWEPCTBO

well as large pleural effusions, are patterns usually not
compatible with COVID-19 pneumonia [17, 18].

Clinical applications

No prospective studies have been published
describing the impact of LUS in the management
of pregnant women affected by COVID-19. In
a small series of patients, LUS has been used in this
management. The authors assessed lung involvement
of four pregnant patients on admission to hospital
and during disease. The advantage of LUS is that it
is radiation-free, and therefore can be used as the first
diagnostic step before chest X-ray or CT scan [19].

Last year, M.G. Porpora et al. evaluated the role
of LUS in the decision-making process, studying
the correlation between LUS score and CT score carried
out after delivery, which strengthens the reliability
of LUS as an alternative diagnostic method to CT
in pregnant women [20]. Chest CT was performed after
delivery in patients with high LUS score or persistent
respiratory symptoms and showed a score up to 4 with
an involvement <10% in five cases, a score between 5
and 8 with involvement of 10-25% in three women,
while in the patients with a LUS score of 23, CT showed
60-70% lung involvement with a score of 16. Even if
the CT findings were more precise than LUS in defining
pulmonary impairment, these results suggest a positive
correlation between LUS and CT [20].

Table. Score systems for evaluating ultrasound of the lungs
Ta6nuua. Cuctembl 6annbHON OLeHKWN yNnbTPa3BYKOBOIro UccrieoBaHUA NErkux

Author. ref. / N° of areas Total
" explored / Konu- Score 0/ Score 1/ Score 2/ Score 3/ score /
AgTop,
Ne 4ecTBO uUccnemy- 0 6annoB 1 6ann 2 6anna 3 6anna Cymma
2 UICTOYHMKA
€MbIX 30H 6annos
Continuous and Pleural line is Pleural line is broken
regular pleural line with  indented with vertical with consolidated
; . Largely extended
horizontal artifacts, areas referred areas, and areas art of white 1ung /
referred to as A-lines / to as B-lines / of white / P 3Haqueana;?
Soldati G. [9] 12 HenpepbIBHas 1 poBHas [neBpanbHas [neBpanbHas nMHUs JACTb N1ErKoro 36
nneBpanbHas MMHUS  NIMHWS NpepbIBaeTCs MpepbLIBAETCS KOH-
npencTaBneHa
C rOpU3OHTaNbHbLIMM BEPTUKANbHO COMNUANPOBAHHBIMU
BenbiM LBeToM
apTtedaktamm — PacnonoXeHHbIMA  y4acTkamm 1 yyacTka-
A-nuHnaMu B-nuHnamm mu benoro LgeTa
Crowded B-lines Confluent B-lines
(>50% range in or a tissue pattern
T =3 well- spaced a view) with or without  with dynamic air
Normal lung sliding with . . [P
. . B-lines presented in  consolidation limited to bronchogram,
A-lines or <2 isolated : . .
. asingle intercostal  the subpleural space /  defined as lung
B-lines / HopmanbHoe . -
space / MHoxecTBo B-nunnin - consolidation / Crin-
Deng Q. [21] 8 [DBWKEHWe nerkux o 24
>3 yeTko pasgeneH-  (>50% B 30He uccne-  Barowmecs B-nuuum
€ A-NIMHUAMN 1NN N
HbIX B-nuHWiA, npeg-  [OBaHWS) C KOHCOMM- W PUCYHOK TKaHM
<2 130MMpPOBaHHbLIMM , . ;
CTaBMEHHbIX B OAHOM  [ALMEN, OFPaHNYEHHON  C AMHAMU4eCcKom
B-nuunamm .
mexpebepbe cybnnesparnbHbiM - BO3AYLLHOM BpOHX0-
MPOCTPAHCTBOM UMM~ TPaMMOVA — KOHCO-
6e3 Hee nupaumst
Well-spaced B-lines <3/ Well-spaced B-lines Multiple .coalescent Lung
. 23 / YeTko OTAENEH- B-lines / e
JiL. [16] 12 YeTKo OTAENEHHbIe Apyr H consolidation / 36
oT f1pyra BNk <3 Hbl€ ApYr OT Apyra €CKOMbKO CrnBato- KoHconugalys
B-nuHum =3 wmxes B-nunmn
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CT and LUS images of 39 pregnant patients were
retrospectively collected and compared by Q. Deng et
al. [21]. Quantitative LUS scores correlated highly with
chest CT findings and could effectively evaluate lung
lesions in pregnant women. Pearson correlation analysis
revealed high correlation on admission (r = 0.793,
p <0.01) between LUS and CT. Some authors proposed
an approach to manage admission of pregnant women
to hospital when COVID-19 is suspected (fever, dry
cough, and dyspnea) [22].

Patients should undergo LUS to define subsequent
diagnostic/therapeutic steps. In most cases, pregnant
women have a normal LUS pattern, while, in advanced
pregnancy, a mild, posterior, bilateral, basal, homogenous
SIS could be detectable for volume reduction of inferior
lung lobes.

If LUS findings show patchy, bilateral SIS
with or without small patchy, bilateral, subpleural
consolidations, patients must isolate until the results
of microbiological tests (both nasal/throat swab
and rapid serologic tests). If LUS does not indicate
COVID-19 lung involvement, arterial blood gases
(ABG) must be evaluated. When PaO2/FiO2 ratio is
<400, patients should be isolated, until microbiological
test results (both nasal/throat swab and rapid serologic
tests) are obtained. a positive result of these tests
requires hospitalization and isolation. If microbiological
tests are both negative, a chest X-ray is necessary.
In case of both LUS with no signs of COVID-19
pneumonia and normal gas exchanges with PaO2/Fi02
> 400, pregnant women undergo maternal and fetal
monitoring until microbiological test results. If both
microbiological tests are negative, the patient should be
isolated at home, maintaining contact either in the case
of worsening symptoms requiring hospital admission or
in the case of mild and stable symptoms, waiting for
the results of the second Sars-CoV-2 swab test.

In the literature there are other non-systematic
pictorial reviews whose authors postulated that LUS
should be the first-choice imaging method in pregnant
women suspected of having COVID-19 infection [8].
A. Giannini et al. used LUS to evaluate the progression
of disease in pregnant women affected by COVID-19
pneumonia and they suggested the additional use
of LUS in routine lung ultrasonography aimed at
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tracking the evolution of the disease [23]. In contrast, M.
Sperandeo et al. considered the use of LUS in COVID-19
pneumonia restricted and confusing, because of the
nonspecific findings that may be misleading [24].

DISCUSSION

LUS has been demonstrated to be an accurate imaging
method to detect pulmonary and pleural conditions and
evaluate lung involvement and its evolution in pregnant
women affected by COVID-19. During pregnancy,
there is a need for rapid, low-cost, safe, and bed-side
assessment of the maternal lung in patients with suspected
coronavirus disease. Chest CT may be reserved for cases
where LUS is insufficient to answer the clinical question.
In addition, LUS results are immediately available to the
clinician, allowing decisions about the initial empirical
treatment and it is also an easily learnable tool.

In developing areas like low- and middle-income
countries, ultrasound may be the only useful radiological
service. During a pandemic, training is also fundamental
for the sustainability, quality, and reliability of this
method. LUS can be learned by a variety of medical
professionals, not just radiologists, to permit rapid
assessment and treatment in a variety of settings [25].

This narrative review demonstrated that LUS can be
used in a standardized way to detect lung involvement.
Little data is available in the literature on this topic. We
recognize that our study is a narrative review and not
a systematic review or metaanalysis, lacking important
requirements for quality control such as risk of bias,
quality assessment, and statistical analysis. However,
our goal was to provide an overview of the literature
on the new role of LUS in diagnosing pregnant women
affected by COVID-19 and to offer a strategy to manage
these patients.

CONCLUSION

The pandemic has taught us to reallocate our
resources, and to make the best use of our talents. LUS
is a promising imaging tool that can be used for pregnant
women with suspected COVID-19 pneumonia following
an initial fetal assessment. This review can encourage
obstetricians to learn LUS to be used during pandemics
and to provide more knowledge in this field. Other
prospective studies should be explored.

BKINA ABTOPOB

®. Mopo paspaborania Tu3aifH HCCIEAOBaHNUS, y4aCTBOBAJA B MH-
TepIpeTanuy JaHHBIX U Hamucanuu pyxomucu. [bx. beHemyue
NpOBOAMNA TOWCK M aHaIW3 HCTOYHMKOB IO TeMe o0030pa
U TOATOTOBHJIA TEKCT pykomucu K myonukanuu. [l. Byoncenco,
K. Jlanponsdo u @. MaciuuianHy y4acTBOBAIM B HHTEPIIPETALUN
IaHHBIX 1 Hanucanud Tekcta. Jpx. Cxambua u A.K. Tecta paspa-
60Tanu oOIIyI0 KOHIEHIUIO CTaThH, PYKOBOIMIH €€ HAaTUCAHHEM
U HECYT OTBETCTBEHHOCTH 32 KPHUTHUYECKHUI IEPECMOTP PyKOIHCH
Ha TPEAMET OCHOBHOTO HMHTEIIEKTYyalbHOTO coiepkaHus. Bce
aBTOPHI YYaCTBOBAIHM B OOCYKI€HUU U PEAAKTHPOBAHUU PAOOTHI.
Bce aBTOpBI 0700PUIIN OKOHYATENBHYIO BEPCUIO ITyOINKALIUH.

32 CEYEHOBCKMI BECTHHUK T. 12, Ne 2, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 2, 2021



10

11

12

13

Francesca Moro,

REFERENCES / IMTEPATYPA

Xu X, Yu C, QuJ., et al. Imaging and clinical features of patients
with 2019 novel coronavirus SARS-CoV-2. Eur J Nucl Med Mol
Imaging. 2020 May; 47(5): 1275-1280. https://doi.org/10.1007/
$00259-020-04735-9. PMID: 32107577.

Di Serafino M., Notaro M., Rea G., et al. The lung ultrasound:
facts or artifacts? In the era of COVID-19 outbreak. Radiol Med.
2020 Aug; 125(8): 738—753. https://doi.org/10.1007/s11547-020-
01236-5. PMID: 32535787.

Lichtenstein D.A., Meziere G.A. Relevance of lung ultrasound
in the diagnosis of acute respiratory failure: the BLUE protocol.
Chest. 2013 Aug; 144(2): 721. https://doi.org/10.1378/
chest.07-2800. PMID: 18403664.

Wongwaisayawan S., Suwannanon R., Sawatmongkorngul
S., Kaewlai R. Emergency thoracic US: The essentials.
Radiographics. 2016 May-Jun; 36(3): 640-659. https://doi.
org/10.1148/rg.2016150064. PMID: 27035835.

Raimondi F.,, Yousef N., Migliaro F., et al. Point-of-care lung
ultrasound in neonatology: classification into descriptive and
functional applications. Pediatr Res. 2018 Jul 20: 1-8. https://doi.
org/10.1038/s41390-018-0114-9. PMID: 30127522.

Buonsenso D., Musolino A.M., Gatto A., et al. Lung ultrasound
in infants with bronchiolitis. BMC Pulm Med. 2019 Aug 24;
19(1): 159. https://doi.org/10.1186/s12890-019-0925-4. PMID:
31445523.

Moro F, Buonsenso D., Moruzzi M.C., et al. How to perform
lung ultrasound in pregnant women with suspected COVID-19.
Ultrasound Obstet Gynecol. 2020 May; 55(5): 593-598. https://
doi.org/10.1002/u0g.22028. PMID: 32207208.

Yassa M., Mutlu M.A., Kalafat E., et al. How to perform and
interpret the lung ultrasound by the obstetricians in pregnant
women during the SARS-CoV-2 pandemic. Turk J Obstet
Gynecol. 2020 Sep; 17(3): 225-232. https://doi.org/10.4274/tjod.
galenos.2020.93902. PMID: 33072428.

Soldati G., Smargiassi A., Inchingolo R., et al. Proposal for
international standardization of the use of lung ultrasound for
patients with COVID-19: a simple, quantitative, reproducible
method. J Ultrasound Med. 2020 Jul; 39(7): 1413—-1419. https://
doi.org/10.1002/jum.15285. PMID: 32227492,

Buonsenso D., Moro F., Inchingolo R., et al. Effectiveness
of rapid lung ultrasound training program for gynecologists
and obstetricians managing pregnant women with suspected
COVID-19. Ultrasound Obstet Gynecol. 2020 Jul; 56(1): 110-
111. https://doi.org/10.1002/u0g.22066. PMID: 32349175.
Volpicelli G. Lung sonography. J Ultrasound Med. 2013 Jan;
32(1):  165-171.  https://doi.org/10.7863/jum.2013.32.1.165.
PMID: 23269722.

Soldati G., Demi M., Inchingolo R., et al. On the physical basis
of pulmonary sonographic interstitial syndrome. J Ultrasound
Med. 2016 Oct; 35(10): 2075-2086. https://doi.org/10.7863/
ultra.15.08023. PMID: 27503755.

Soldati G., Demi M., Smargiassi A., et al. The role of ultrasound
lung artifacts in the diagnosis of respiratory diseases. Expert Rev
Respir Med. 2019 Feb; 13(2): 163—-172. https://doi.org/10.1080/1
7476348.2019.1565997. PMID: 30616416.

14

15

16

17

18

19

20

21

22

23

24

25

AKYWEPCTBO

Lichtenstein D., Meziere G., Seitz J. The dynamic air bronchogram.
A lung ultrasound sign of alveolar consolidation ruling out
atelectasis. Chest. 2009 Jun; 135(6): 1421-1425. https://doi.
org/10.1378/chest.08-2281. PMID: 19225063.

Deng Q., Zhang Y., Wang H., et al. Semiquantitative lung ultrasound
scores in the evaluation and follow-up of critically ill patients with
COVID-19: a single-center study. Acad Radiol. 2020 Oct; 27(10):
1363-1372. https://doi.org/10.1016/j.acra.2020.07.002. PMID:
32713715.

Ji L., Cao C., Gao Y, et al. Prognostic value of bedside lung
ultrasound score in patients with COVID-19. Crit Care. 2020
Dec 22; 24(1): 700. https://doi.org/10.1186/s13054-020-03416-1.
PMID: 33353548.

Zhang R., Ouyang H., Fu L., et al. CT features of SARS-CoV-2
pneumonia according to clinical presentation: a retrospective
analysis of 120 consecutive patients from Wuhan city. Eur Radiol.
2020 Aug; 30(8): 4417-4426. https://doi.org/10.1007/s00330-
020-06854-1. PMID: 32279115.

Copetti R., Soldati G., Copetti P. Chest sonography: a useful tool
to differentiate acute cardiogenic pulmonary edema from acute
respiratory distress syndrome. Cardiovasc Ultrasound. 2008 Apr 29;
6: 16. https://doi.org/10.1186/1476-7120-6-16. PMID: 18442425.
Buonsenso D., Raffaelli F., Tamburrini E., et al. Clinical role
of lung ultrasound for diagnosis and monitoring of COVID-19
pneumonia in pregnant women. Ultrasound Obstet Gynecol. 2020
Jul; 56(1): 106-109. https://doi.org/10.1002/uog.22055. PMID:
32337795.

Porpora M.G., Merlino L., Masciullo L., et al. Does lung
ultrasound have a role in the clinical management of pregnant
women with SARS COV2 Infection? Int J Environ Res Public
Health. 2021 Mar 9; 18(5): 2762. https://doi.org/10.3390/
ijerph18052762. PMID: 33803223.

Deng Q., Cao S., Wang H., et al. Application of quantitative lung
ultrasound instead of CT for monitoring COVID-19 pneumonia
in pregnant women: a single-center retrospective study. BMC
Pregnancy Childbirth. 2021 Mar 26; 21(1): 259. https:/doi.
org/10.1186/s12884-021-03728-2. PMID: 33771120.
SmargiassiA., Soldati G., Borghetti A., et al. Lung ultrasonography
for early management of patients with respiratory symptoms
during COVID-19 pandemic. J Ultrasound. 2020 Dec; 23(4):
449-456. https://doi.org/10.1007/s40477-020-00501-7. PMID:
32638333.

Giannini A., Mantovani A., Vezzoli C., et al. Lung ultrasound for
pregnant women admitted to ICU for COVID-19 pneumonia.
Minerva Anestesiol. 2020 Nov; 86(11): 1248-1249. https://doi.
org/10.23736/S0375-9393.20.14726-6. PMID: 32486608.
Sperandeo M., Trovato G.M. Care of future mothers amid
the COVID-19 outbreak: is there a monitoring role for lung
ultrasound? Ultrasound Obstet Gynecol. 2020 Sep; 56(3): 469—
470. https://doi.org/10.1002/u0g.22146. PMID: 32870588.
Buonsenso D., De Rose C. Implementation of lung ultrasound
in low- to middle-income countries: a new challenge global
health? Eur J Pediatr. 2021 Jul 3: 1-8. https://doi.org/10.1007/
s00431-021-04179-9. PMID: 34216270.

INFORMATION ABOUT THE AUTHORS / UH®POPMALIUA OB ABTOPAX

MD, PhD, Fondazione Policlinico

Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica.
ORCID: https://orcid.org/0000-0002-5070-7245

Mopo ®panuecka, MD, PhD, BompHmma VYruBepcurera
Aroctuno Jlxememnu, HaydHblii WHCTHUTYT WCCIIeNOBaHUH,
rocnutanu3anuu u 3apasooxpanenus (IRCCS), lemaprameHt
JKEHCKOTO0, IETCKOTO U 00IIECTBEHHOIO 30POBBSI.

ORCID: https://orcid.org/0000-0002-5070-7245

CEYEHOBCKMI BECTHHUK T. 12, Ne 2, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 2, 2021 33



OBSTETRICS

Giuliana Beneduce™, MD, Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino ¢ di Sanita Pubblica.
ORCID: https://orcid.org/0000-0003-3866-2109

Danilo Buonsenso, MD, PhD, Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica.
ORCID: https://orcid.org/0000-0001-8567-2639

Chiara Landolfo, MD, PhD, Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica.
ORCID: https://orcid.org/0000-0001-9808-7957

Floriana Mascilinii, MD, PhD, Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica.
ORCID: https://orcid.org/0000-0003-0736-3114

Giovanni Scambia, MD, PhD, Prof., Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica;
Universita Cattolica del Sacro Cuore, Istituto di Clinica
Ostetrica e Ginecologica.

ORCID: https://orcid.org/0000-0003-2758-1063

Antonia Carla Testa, MD, PhD, Prof., Fondazione Policlinico
Universitario Agostino Gemelli, IRCCS, Dipartimento Scienze
della Salute della Donna, del Bambino e di Sanita Pubblica;
Universita Cattolica del Sacro Cuore, Istituto di Clinica
Ostetrica e Ginecologica.

ORCID: https://orcid.org/0000-0003-2217-8726

* ABTOp, OTBETCTBEHHEII 3a nepenucky / Corresponding author

benenydye [xxyamana™, MD, Bonphnuna VYuauBepcurera
Aroctuno JIxememnu, HaydHbplii WHCTHUTYT WCCI€NOBaHUH,
rocnuranuzauuu u 3apasooxpanenus (IRCCS), lenaprameHt
’KEHCKOT'0, IETCKOTO U 0OIIeCTBEHHOTO 310POBbSL.

ORCID: https://orcid.org/0000-0003-3866-2109

Byoncenco daunmmno, MD, PhD, BbonpHuna VYHuBepcureTra
Arocturo Jlxememnu, HaydHbprit WHCTHUTYT WCCIIeTOBaHUH,
rocnutanuzanuu u 3uapasooxpanenus (IRCCS), lenaprameHnt
’KEHCKOT'0, IETCKOTO U 00II€CTBEHHOTO 310POBbSL.

ORCID: https://orcid.org/0000-0001-8567-2639

Jlanpoabdpo Kesipa, MD, PhD, BonpHuua VYHuBepcuteTa
Aroctuno Jlxememnu, HaydHbplii WHCTHUTYT WCCII€NOBaHUH,
rocnuranuzauuu u 3apasooxpanenus (IRCCS), [lenaprameHt
’KEHCKOT'0, IETCKOTO U 00IIeCTBEHHOTO 310POBbSL.

ORCID: https://orcid.org/0000-0001-9808-7957

Macuuaunu ®nopuana, MD, PhD, Bonpauia Yausepcurera
Aroctuno xxemennu, HayqHbrit HHCTUTYT HCCIEIOBaHAMN, TO-
cnuranu3anuu U 3apaBooxpanenus (IRCCS), denaprament
’KEHCKOT'0, IETCKOTO U 00IIeCTBEHHOTO 310POBbSL.

ORCID: https://orcid.org/0000-0003-0736-3114

Ckambust /IzxoBannu, MD, PhD, npodeccop, bonpnuia
VYausepcurera Arocturo Jxemennn, Hayarsrit HHCTUTYT uc-
cienoBaHui, rocuranu3anun 1 3apaBooxpanenus (IRCCS),
JlemapTaMeHT >KEeHCKOTO, IETCKOr0 U OOIIEeCTBEHHOIO 310pO-
Bbst; Karonuueckuii yausepcurer Cesroro Cepaua, MHCTHTYT
aKyIlIepcTBa M THHEKOJIOTHH.

ORCID: https://orcid.org/0000-0003-2758-1063

Tecra Antonust Kapma, MD, PhD, npodeccop, bonpauia
‘Yuusepcurera Aroctuno [xemerun, Hayunblii ”HCTUTYT Hc-
cienoBaHui, rocruranu3anuu u 3apaBooxpanenus (IRCCS),
JlemapTaMeHT >KEHCKOTO, JIETCKOI0 U OOIIECTBEHHOIO 310pO-
Bbs1; Karonnueckuil ynusepcuter Cesatoro Cepaua, MHCTUTYT
aKyIIepcTBa ¥ THHEKOJIOTHH.

ORCID: https://orcid.org/0000-0003-2217-8726

34 CEYEHOBCKMI BECTHHUK T. 12, Ne 2, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 2, 2021



