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Lung Ultrasound

Qualitative Approach : diagnosis

International evidence-based
recommendations for point-of-care
lung ultrasound
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Lung Ultrasound

Original Research
CRITICAL CARE MEDACINE

%

Relevance of Lung Ultrasound in the
Diagnosis of Acute Respiratory Failure*
The BLUE Protocol

Uil A, Lichtonstein, MD, FECP

Ultrasound in Med & Biol. 2022:48:2398-2416
J Ultrasound Med 2023:42:309-344



COVID-19

o . ®
Monitoring of pulmonary involvement
in critically ill COVID-19 patients - should lung
ultrasound be preferred over CT?

Arthur W. E. Lieveld'#"T®, Micah L. A. Heldeweg?*!, Jasper Schouwenburg?, Lars Veldhuis?,
Mark E. Haaksma*®, Rutger M. van Haaften®, Berend P. Teunissen?, Jasper M. Smit>*, Jos Twisk®, Leo Heunks?,
Prabath W. B. Nanayakkara' and Pieter Roel Tuinman®®

Proposal for International
Standardization of the Use of Lung
Ultrasound for Patients With COVID-19

A Simple, Quantitative, Reproducible Method

Gino Soldati, MD, Andrea Smargiassi, MD, PhD %, Riccardo Inchingolo, MD ‘%, Danilo Buonsenso, MD ',
Tiziano Perrone, MD, PhD, Domenica Federica Briganti, MD, Stefano Perlini, MD, PhD, Elena Torri, MD,
Alberto Mariani, MD, Elisa Eleonora Mossolani, MD, Francesco Tursi, MD, Federico Mento, MSc 7,
Libertario Demi, PhD




Lung Ultrasound

Qualitative Approach Quantitative Approach: monitoring
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lung ultrasound
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Relevance of Lung Ultrasound in the
Diagnosis of Acute Respiratory Failure*
The BLUE Protocol

Duniel A Lichtenstein, MD, FECE: and Gillert A, Moziére, MD

Ultrasound in Med & Biol. 2022:48:2398-2416
J Ultrasound Med 2023:42:309-344



New International Guidelines and
Consensus on the Use of Lung
Ultrasound

Libertario Demi, PhD ', Frank Wolfram, PhD, Catherine Klersy, PhDD, Annalisa De Silvestri, PhD),

Virginia Valeria Ferretti, PhD, Marie Muller, PhD, Douglas Miller, PhD, Francesco Feletti, PhD,

Marcin Welnicki, PhD ©, Natalia Buda, MD ', Agnieszka Skoczylas, MD, Andrzej Pomiecko, PhD,
Domagoj Damjanovic, PhD, Robert Olszewski, MD, Andrew W. Kirkpatrick, MD '“, Raoul Breitkreutz, PhD
Gebhart Mathis, MD, Gino Seldati, MD, Andrea Smargiassi, PhD ", Riccardo Inchingolo, PhD ',

Tiziano Perrone, PhD

Technical (5)
Safety (1)
Clinical (11)
Educational (3)

Table 1. Summarization of Statements and Guidelines

St t St t

ID Classification Statement Text

1 Technical As it is already happening in other areas of medical imaging, artificial intelligence (Al) is now being
applied to the analysis of LUS data. Critical and well-detailed studies are fundamental to prevent over
expectations and misuse of this technology.

2 Technical Before new technologies will be mature, LUS will continue to be performed with standard ultrasound
(US) imaging. In order to improve its reproducibility, standardization of imaging protocols is essential.

3 Technical In the current definition, B-line artifacts represent a wide variety of patterns. It is crucial to understand the
physical origin of their genesis and to characterize the signals responsible for their visualization. This
is a fundamental step toward the development of quantitative US modalities dedicated to the
diagnosis and monitoring of lung diseases

4 Technical It is indispensable to find a consensus on objective parameters for the evaluation of regularity/
irregularity/thickening of the pleural line and the distinction of micro and macro subpleural
consolidations, both for dimensional criteria and for US aspects.

Technical It is necessary to improve the comprehension of the qualitative and quantitative characteristics of the
artifacts currently called B-lines in relation to the physiological and pathophysiological changes of
histology of the lung.

6 Safety In animal medels, there is evidence that lung ultrasound (LUS) in the diagnostic regime can induce
pulmonary capillary hemorrhage. It is therefore required to investigate the need for specific safety
limits for US technologies when applied to the monitoring and diagnosis of lung diseases

7 Clinical There is a need for high quality studies (randomized. prospective) to achieve acceptance for the
diagnostic value of LUS as performed for other screening tests (breast, heart).

8 Clinical There should be evidence and/or consensus for the terminology used to describe artifacts and signs in
LUS and for the definition of the extent of the LUS exam.

9 Clinical It seems reasonable to perform repeated LUS scans to assess the severity of pulmonary congestion,
with one and the same probe and protocol each time.

Generally, repeated LUS scans can be used for the assessment of the severity of a condition and its
progression over time. Always, use one and the same probe and protocol each time.

10 Clinical LUS should be performed on the largest possible area of the chest that is available during LUS
examination (the limitation of the examination area should be justified by the patient’s clinical
condition).

11 Clinical LUS has high accuracy in recognition of subpleural consolidation. Subpleural consolidations best known
in LUS are: inflammatory lesions, atelectasis, infarction, and metastatic subpleural lesions.

12 Clinical LUS is feasible and useful in general/family medicine.

13 Clinical LUS is feasible and useful in prehospital emergency medicine.

14 Clinical LUS should be used by clinicians as a “point of care™ examination in case of patient with dyspnea, chest
pain and any chest symptoms.

15 Clinical The technique of the examination depends on the clinical situation of the patient.

16 Clinical The functional assessment of the diaphragm may integrate the data of lung alteration to address or
refine the differential diagnosis of respiratory failure in intensive care units (ICUs).

17 Clinical The most common sonographic features in case of pneumonia are: consolidation (with irregular
marginal contour, air bronchogram, the air trapping sign), vertical artifacts (B-lines), and the presence
of pleural effusion.

18 Educaticonal It is strongly recommended to acquire adequate training in LUS before its implementation in the
diagnostic process.

19 Educational It is recommended to teach the basis of LUS as part of the students’ curriculum.

20 Educational Remote mentoring of US naive, but motivated and willing first responders has been shown to be a

potentially accurate method of generating diagnostic quality ultrasound images that can then be
interpreted by remote ultrasound experts.
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Technical Aspects (Machine Setting and Probes)
Locations

Qualitative Finding

Quantitative Finding

Others



Lung Ultrasound

Pleural

Line l

s
A I
A-lines \/\\ d

~35

A-line

Rib

= Using Artifact between
air-tissue interface

= Focus: parietal pleura
= Artifact-erasing effect: off

J Echocardiogr 2021,19:195-204
Aadv Respir Med 2023,91:203-223



Probes

LINEAR

HOCKEY STI

FREQUENCY: HIGH VERY HIGH LOW Low WIDE RANGE
SUPERFICIAL RESOLUTION: HIGH VERY HIGH LOW LOW MODERATE
PENETRATION CAPACITY: LOW VERY LOW HIGH HIGH HIGH

BEST FOR: PLEURA PLEURA CONSOLIDATIONS CONSOLIDATIONS CONSOLIDATIONS
(. ARTIFACTS ARTIFACTS EFFUSIONS EFFUSIONS EFFUSIONS
PREFERRED SETTING: CRITICAL CARE NEONATAL CRITICAL CARE CHRONIC DISEASE EMERGENCY Department CRITICAL CARE
AVAILABILITY: FREQUENT FREQUENT in PEDIATRIC FREQUENT FREQUENT UNFREQUENT

Fig. 1. Main features of the ultrasound transducers most commonly used for lung assessment.

Anesthesiology 20217,134.949-65




Probes

LINEAR HOCKEY STICK | PHASED-ARRAY CONVEX MICRO-CONVEX

FREQUENCY: HIGH VERY HIGH LOW LOW WIDE RANGE

SUPERFICIAL RESOLUTION: | HIGH VERY HIGH LOW LOW MODERATE

PENETRATION CAPACITY: LOW VERY LOW HIGH HIGH HIGH

BEST FOR: PLEURA PLEURA CONSOLIDATIONS CONSOLIDATIONS CONSOLIDATIONS
ARTIFACTS ARTIFACTS EFFUSIONS EFFUSIONS EFFUSIONS

PREFERRED SETTING: CRITICAL CARE NEONATAL CRITICAL CARE | CHRONIC DISEASE EMERGENCY Department | CRITICAL CARE

AVAILABILITY: FREQUENT FREQUENT in PEDIATRIC FREQUENT FREQUENT UNFREQUENT

Fig. 1. Main features of the ultrasound transducers most commonly used for lung assessment.

Anesthesiology 20217,134.949-65



Longitudinal approach

 Skin and subcutaneous tissue -

Pleural line

Rib shadowing Rib shadowjng

Pleural line

Aines

Adv Respir Med 2023:91:203-223



Longitudinal / Transversal Scan

LONGITUDINAL SCAN

TRANSVERSAL SCAN

Aligned with cranio-caudal axis

A

Aligned with intercostal space

PROs

PROs

- Easy to obtain: ideal for beginners

- Clear identification of the pleural line: ideal in
doubtful cases (for example: subcutaneous
emphysema)

- Visualization of wider pleura

- More constant visualized pleural length (between and
within patients)

- Visualization of more artefacts

CONs

CONs

- Visualization of shorter pleura
- High pleural length variance
- Visualization of fewer artefacts

- More technically challenging: not for beginners
- In case of doubtful identification of the pleura: start
with longitudinal and then turn the probe

Anesthesiology 20217,134.949-65
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Lung Ultrasound Area (Comprehensive vs Focused)

B Right

SEOUL NATIONAL UNIVERSITY HOSPITAL J Echocardiogr 2021,19:195-204



Comprehensive Approach

Chest areas

SEOUL NATIONAL UNIVERSITY HOSPITAL

= parasternal line
= ant. axillary line
= post. axillary line

= paravertebral line

= mammillary line

Rte/Lt6 (12 area)

]

Ant-1/2

Lat - 3/4

Post - 5/6

Sup - 1,3,5
Inf - 2,4,6

Adv Respir Med 2023,91:203-223




= Technical Aspects

= Locations
= Qualitative Finding (morphological assessment for the diagnosis)

The 4" AAPCHS

May 31st - June 1st
Seoul Dragon City Hotel
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Bat sign (longitudinal scan)

Skin and subcutaneous tissue

Parietal
Pleura

Rib shadowing Rib ShadOWJf}g

« Subcutaneous emphysema
« morbid obesity

Curr Opi Anaesthesiol 2013,26:20-30



Ultrasound Setting

Pleural
Line

reflection |

Pleura

A-line———

Rib

Normal lung

Pulmonary edema

e ultrasound
edematou
interlobular septa

e Reverberation

J Echocardiogr 2021,19:195-204



Artifacts

Pneumothorax Normal lung surface Interstitial syndrome Alveolar consolidation Pleural effusion

0,95

AlR/no fluid AlIR/fluid no air/FLUID
B
AA
A-lines B-lines Spaced Crowded Coalescent Minerva Anesthesiologica 2012:26:20-30

Whole Body Ultrasonography in the Critically Il



A-line vs B-lines

 Horizontal artifact

« Parallel to pleural line

« Repeated, Equal distance
(probe~pleura)

« Air beneath pleura

« High gas/volume ratio

 Reverberation

Vertical artifact

Move synchronously with pleura
Erase the A-lines

Reach to the bottom of the screen
Increased density (air/tissue ratio)



Qualitative Finding

= Lung parenchyma
« Aeration and density (A-line, B-lines, consolidation)
« Lung water (B-lines)
« Airway patency (air bronchogram)
» Pleura
* Pleura thickening

« Pleura movement (Lung sliding/Lung pulse/Lung point)
« Pleural space (air/water/blood/others)



Lung Sliding vs Lung Pulse

Lung Sliding Lung Pulse

« visceral / parietal pleura in touch

« transmission of the heart beats
« regional ventilation (+)

« regional ventilation (-)

« selective intubation/initial
phase of atelectasis, pul.
contusion, hyperinflation




Interstitial Syndrome

edematous lung ~
cardiogenic pulmonary edema,
ARDS, pneumonia.....




Consolidation

Shred sign Tissue-like pattern



Dynamic Air Bronchogram




Pleural Effusion

6607741,

« transudative / exudative



Lung Point

2D / M-mode

Probe:C251

« Seashore sign
- Stratosphere sign

.. MI08 TIS<04 AP:70%  38FPS |
,’A’ I 1

FND-3.5S8
R:16.0 ~
BG:50 .
BD:65

AIRWAY

 MI12 TIS<04  AP:70%  25FPS{

| ' 1

e g HAT-3.9P

BG:70
BD:70

Probe:L441




Pneumothorax

Scan the anterior
zones in B-Mode

Are B-lines or real
images visible?

no
v

Is lung sliding
present?

no
v

Is lung pulse
present?

no

Is lung point
present?

no
v

Scan the lateral
zones in B-Mode

yes

yes

yes

yes

B-lines in B-mode

Seashore sign in
M-mode

—
=

—————

Lung point sign in
M-Mode

PTX ruled-out

PTX ruled-in

Adv Respir Med 2023,91:203-223



Hypoxemia

Scan the postero-lateral
20nes
Scan the anterior zones
" . Doyouseen o

Lung poin?
1skungsding o | Doyoussen . Impoired regoncl 1 !
present? i Lung pulse? ventilotion | |
Eventually odd other
5 pocus fechniques

5 Focal . Are consolidations N "
Diffuse with thin Arepluric efsion
reglr plra? T G-
Difuse ith Are consolidations
tidevedimegulr > e
pleura? N
Bloterl -

Adv Respir Med 2023,91:203-223



Consolidation on MV

Reassess after FBS [ Underlying «

mechanisms?
Static air Obstructive .
bronchogram i atelectasis Qi Drsobstrucive FBS
Dynamic
linear/arborescent ————» Think of VAP —— [EEZMIETIN
air bronchogram

Adv Respir Med 2023,91.203-223
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Technical Aspects
Locations
Qualitative Finding

Quantitative Finding (lung monitoring)
Others



Lung Aeration Quantification Scores

= Rt/Lt (12 area) (0~36 scores)

= 0: normal aeration

- A-line, B-lines<3
= = 1: moderate loss of aeration
- well-spaced B-line>3

e e - B-lines/subpleural consolidation<50%
- - - » 2: severe loss of aeration

Lung Ultrasound score . . .
- B-lines/subpleural consolidation>50%

= 3: complete loss of aeration

Fig. 4. Ultrasound patterns and corresponding scores in different rating systems for lung aeration quantification. White arrows, A-lines; *, . .
well-spaced B-lines; yellow double-point arrows, coalescent B-lines. - cons OI | d a t| on

Anesthesiology 20217,134.949-65



PEEP or Prone Position

> Focal Distribution

Non Focal

Disiribufion Perform a PEEP frial

B zeep n
L em—

Adv Respir Med 2023,91.203-223



Systematic Ultrasound-Guided Approach to Weaning from MV

[ WEANING FROM MECHANICAL VENTILATION: A LUNG ULTRASOUND-GUIDED APPROACH }

NO

\-

In ready to be weaned patients with clinical indication to a spontaneous breathing trial
Global lung ultrasound score < 14 ? Sy

High probability of post-extubation need of

respiratory support 62 Perform a spontaneous breathing trial

J

Diagnostic assessment with:

- Lung ultrasound

- Diaphragm ultrasound

- Advanced echocardiography

Successful spontaneous breathing trial ?

Global lung ultrasound score <13 and/or
Antero-lateral lung ultrasound score <5

ﬁiz

- Diastolic dysfunction: diuretics, fluid removal, vasodilators, etc.
- Diaphragm dysfunction: physiotherapy, gradual weaning, pacing, etc.

Optimization of patient’s conditions before a (new) weaning attempt:
: s . T . Proceed with
Lung derecruitment: fiberbronchoscopy, thoracentesis, antibiotic, recruitment extubation 63 66

maneuvers

In already optimized patient: consider post-extubation non-invasive ventilation or
tracheostomy

Fig. 6. A systematic ultrasound-guided approach to weaning from mechanical ventilation.

Anesthesiology 20217,134.949-65



Quantitative / Semiquantitative Approach

Quantitative techniques

- RF data
Processing

Dedicated acquisition/imaging
algorithms are developed to
collect RF data

Parameters estimation and
patients’ classification

Semi-quantitative techniques

Standardized imaging protocols are Images are scored and
developed to acquire data with standard segmented following
ultrasound imaging specific scoring schemes

Fig. 2. Simplified flowchart depicting the different applications of quantitative and semiquantitative LUS techniques.
LUS = lung ultrasound; RF = radiofrequency.

Ultrasound in Med & Biol. 2022,48:2398-2416
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Diaphragm

Anterolateral

Quiet breathing Deep breathing Sniffing



Diaphragm

Anterolateral

Subxiphoid

Quiet breathing Deep breathing Sniffing




Expert

Clinical management of ARF
and guidance of MV sirategy

Advanced

Monitoring tool for computation of LUS
score and VPLUS

Intermediate

Recognition of different pleural movements, quantification
of pleural effusion, interpretation of air-bronchogroms and
systematic diagnostic approach fo ARF

Basic

Identification of Adines, B-lines and consolidations

SEOUL NATIONAL UNIVERSITY HOSPITAL

A Al regions (n=7330)
100 :l % of lung regions adequately classified peoon
by trainees

w I --------- i_i II

Number of sup lung

Interstitial-alveolar syndrome

100 7 % of lung regions adequately classified by trainees
8l
60 -
B p
il
gl

453 427 434 501

Number of supervised lung ultrasound _mlnalons

Ilu

Normal aeration
% of lung regions adequately classified by trainees I
30
¢48 425 397

mmuwmmw

Lung consolidation

bl % of lung regions adequately classified by trainees
60 -
40 1
m 4
0 -
30 30
319 295 314 2
lung

292 311 23
Number of sup:

Adv Respir Med 2023,91:.203-223
Anesthesiology 2020;132.899-907



Take Home Message
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= Report details on technical part

 frames / probes /imaging settings

= Approach

« ant linear probe
« lat / post convex probe
« longitudinal / transversal scan

» describe limitation of the area

« clinical condition
« limited accessibility
« other practical aspects

= Consensus for the terminology



Take Home Message

* Qualitative Approach » Quantitative Approach
 Diagnosis « Monitoring, Management
« A-line / B-lines / Consolidation * LUS scores (0~36)
« Air bronchogram Long Utrsound s

L0 | 2 | 3 |

* Lung sliding / Lung pulse / Lung " '
T
« Pleural space A

(characteristics/amount)

« Clinical management of ARF and

« Systematic diagnostic approach guidance of MV strategy
of ARF
= Others
« Diaphragm

« Airway...



Ultrasonographic report for lung and pleura

iz E g el aets] 2 ety

1D: Name: sex/age: /

1. Region
- R1 (anterior upper) / R2 (anterior lower) / R3 (lateral upper) / R4 (lateral lower)
- L1 (anterior upper) / L2 (anterior lower) / L3 (lateral upper) / L4 (lateral lower)

2. Right
-LJRl / LIR2 / LIR3 / [IR4
[] Lung sliding
] A-line
[l B-line
] Pleural effusion
] Alveolar consolidation
[] Lung point
] others

3. Left
-y / L2 4 [(JL3 / L4
[ Lung sliding
[] A-line
] B-line
["] Pleural effusion
] Alveolar consolidation
[} Lung point
[ others

4. other findings

Left

SEOUL NATION



Take Home Message

= Consensus for the terminology

= Report details on technical part
« frames
« probes
« imaging settings
v output levels
v mechanical index
v' imaging frequency
v focal depth, imaging depth...
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