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History and Milestone of Thoracic Ultrasound

2012 International consensus

2008 BLUE protocol (CHEST) /
| |
| |

1995~1998
Bedside ultrasound : Dr. Lichtenstein and others

2019 Lung Ultrasound in Critically lll patients (AJRCCM)
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History and Milestone of Thoracic Ultrasound

BTS guidelines

Pleural procedures and thoracic ultrasound: British
Thoracic Society pleural disease guideline 2010

Tom Havelock,' Richard Teoh,” Diane Laws,? Fergus Gleeson,* on behalf of the BTS
Pleural Disease Guideline Group

CONFERENCE REPORTS AND EXPERT PANEL

Intensive Care Med (2012) 38:577-591
DOI 10.1007/s00134-012-2513-4

Giovanni Volpicelli
Mahmoud Elbarbary
Michael Blaivas

Daniel A. Lichtenstein
Gebhard Mathis
Andrew W, Kirkpatrick

Lung Ultrasound for Critically 1ll Patients

Francesco Mojoli'?, Bélaid Bouhemad™*, Silvia Mongodi®, and Daniel Lichtenstein®

International evidence-based
recommendations for point-of-care
lung ultrasound
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European Respiratory Society statement
on thoracic ultrasound
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How to do lung ultrasound
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Radiology: Cardiothoracic Imaging

Lung Ultrasound: The Essentials

Thomas J. Marini, MD  Deborah J. Rubens, MD * Yu T. Zhao, BA * Justin Weis, MD ﬂmotfay P OConnor, MD
William H. Novalk, MD  Katherine A. Kaproth-joslin, MD, PhD
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January 16; accepted February 5. Address correspondence to T.M. (e-mail: RochesrerRadiology202 1@gmail. com).

Conflicts of interest are listed at the end of this article.

Radiology: Cardiothoracic Imaging 2021; 3(2):e200564 *® https://doi.org/10.1148/ryct.2021200564 * Content codes: @I@

T HO L

(%?‘\




in South Korea
47§ O|M9| o2

’I88l =7, 7182l 7IAl,

L=
c
=
O
(7))
©
t

—

-

10l A

=
e

|
HEMUOREE Y

19| SEH(QnA)

HEOMY CREE Y
o =
FX|2HE RIZEO|AS| 9f

El
Of AAL} E o] 2| E|0] 2|At7}

Insurance of Thorac

52 5) 2o dAts T=30 ALl 207

20210331 | 2,993
Hl= 0 CH&Ol2)

[=]
||
i
—

P

g 1. (F2021-104%) B8 201 ZALC| 047|&
B 2. (F2021-104%) B8 23T+ ZAIC| 07|&

=1%)
ESke




Before we start, true image vs. artifacts




TUS start with memorizing findings

A
- : Pleural line
- Red arrow : Long Reverberation artifacts (A-line)

B
- : Short Reverberation artifacts (B-line)

C
- Dashed red line : Shred sigh (Subpleural consolidation)

D
- Red arrow : Small pleural effusion

E
- Sinusoidal sign

F
- Tissue like lesion, pleural effusion

AJRCCM Vol 199. No 6, March, 2019



TUS start with memorizing findings

A: Tissue like lesion without air-bronchogram

B (transverse) & C (longitudinal)

: Tissue like lesion with air-bronchogram (red arrow)

: Dynamic air-bronchogram : moves with tidal ventilation

: Static air-bronchogram : no changes during tidal ventilation

D: Red arrow : Pleural effusion

E: Multiple septa and adherence

F: Pleural effusion with collapsed lung

AJRCCM Vol 199. No 6, March, 2019



TUS start with memorizing findings
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TUS start with memorizing findings
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Resolution: US vs. CT

Absent

LUS = lung ultrasound. CXR = chest x-ray. Absent = images of normal lungs. Small, moderate, large = volume of pleural effusion. R = right-sided
LUS probe position. L = left-sided LUS probe position, in basal lung region, mid-axillary line.

ol & =7} 2FX| =712




Resolution of US

Resolution
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Pneumonia/Infection




Pneumonia - TUS vs. CXR/CT

Table 5

Analysis of diagnostic Accuracy.
Analysis PPV NPV Sensitivity Specificity AUC [95% CI)
Radiographically-Confirmed Clinical Pneumonia vs. finding a consolidation on lung ultrasound 100 91.3 88.5 100 0.94 (0.92—-097)
Radiographically-Confirmed Clinical Pneumonia vs. finding any abnormality on lung ultrasound 94.1 93.6 922 95.2 0.94 (0.91-0.96)

Table 2 Results of CXR and lung ultrasound compared
with the diagnosis at discharge

BPN + (81) BPN — (39) Table 4 Results of thoracic CXR and ultrasound compared with CT
. CT + (26/30) CT — (4/30) Total
Positive 54 (67%) 6 (15%) CXR + 18 1 19
Negative 27 (33%) 33 (85%) CXR — 8 3 11
Ultrasound Lung ultrasound + 25 1 26
Positive 80 (99%) 2 (5%) Lung ultrasound — 1 3 4
Negative 1 (1%) 37 (95%) Total 26 4 30
BPN, pneumonia; CXR, chest x-ray. CXR, chest x-ray.

Respiratory Medicine 128 (2017)
Emerg Med J 2012;29



Pneumonia - TUS vs. CXR in elderly, immobilized patients

Pneumonia Lung Ultrasound Score (PLUS): A New Tool 1,07 e
for Detecting Pneumonia in the Oldest Patients ]

Giuseppe Lz‘nsalatq, * Chukwuma O/goye, * Rachele Antognoli,* Daniela Guarino,* /

Virginia Ravenna,” Eugenio Orsitto,’ Valeria Calsolaro,* and Fabio Monzani* 084 /
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* Dyspnea, Cough etc.
» X-ray vs TUS =

I I I I 1
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Specificity

Diagonal segments are produced by ties.

J Am Geriatr Soc 68:2855-2862, 2020.



Pneumonia - Detection of severe pneumonia

Critical Care Medicine (2019)




Pneumonia - Bacterial vs. Viral
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Pneumonia - Severity of COVID19
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Pneumonia - Severity of COVID19

PATIENT EXAM DATE Figure 2 - The scheme for collection of the
— . data on the visual extension in percentage
| Education and Clinical Practice Original Research | Z CHEST A i Ko O
the chest wall. Each area is examined, and
EXTENSION OF THE CHEST SURFACE (%) . Percent:"ge of 0_25_507'5_100%'1.5
0 assigned visually. The final score in per-
centage is given by the sum of the per-
centage of each area divided for the total of
25 eight scans.
Feasibility of a New Lung Ultrasound ® check o upases 5
Protocol to Determine the Extent of Lung i
100

Injury in COVID-19 Pneumonia

Giovanni Volpicelli, MD FCCP,; Thomas Fraccalini, MD, Luciano Cardinale, MD, Giuseppe Stranieri, MD; ”
Rouslan Senkeev, MD, Guido Maggiani, MD,; Alberto Pacielli, MD, and Domenico Basile, MD

L
C &
S 100 7
I o
O] 0 |
E -

Figure 1 - A and B, The four chest areas =

that were examined to assess the extension

of the pulmonary lesions in patients with 50

COVID-19 pneumonia. A, Patient is first

placed in the supine position: area 1 is 75

scanned longitudinally between the ster-

num and the anterior axillary line; area 2 100

is scanned longitudinally between the

anterior axillary line and the posterior

axillary line. B, Patient is then turned in 0

the lateral decubitus: area 3 is scanned

longitudinally between the spine and the 25

medial margin of the scapula; area 4 is

scanned in oblique (along the intercostal 50

spaces) below the inferior margin of the

scapula. The same procedure is then 75

repeated on the other side.

100

=1

CHEST 2023; 163(1):176-184 otk
Y



Pneumonia - Severity of COVID19
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Figure 4 - A-D, Correlations between A, lung ultrasound extension score and the CT scan volumetry of pulmonary lesions; B, lung ultrasound
extension score and Paos/Fio, ratio; and C, CT scan volumetry of pulmonary lesions and Paos/Fios ratio, in 179 patients with COVID-19
pneumonia. D, Correlations between lung ultrasound extension score and the CT scan volumetry of pulmonary lesions in a subgroup of 114 patients
with Paoy/Fio, ratio <300 mm Hg at presentation. CTvol = CT scan volumetry; LUSext = lung ultrasound extension score; P/F = Pao,/Fio; ratio.




Pneumonia - Pathogen ?

Bacterial vs. Viral pneumonia in 147 children hospitalized CAP

1) Consolidation size : Viral < Bacterial (15mm vs. 20mm, p<0.001)

2) Bilateral consolidation : Viral > Bacterial (51.9% vs. 8.0%, p<0.001)

ROC
1.0
ROC
— Reference

0.8+
> 0.6
s
B Bacterial pneumonia Cut-off : 21mm (AUC 0.85)
‘% 0.4

0.2

0.0 T T T T

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Sci Rep (2019) 9:17957



Pleural Effusion



Pleural effusion by TUS

[ Special Features J g CHEST

Better With Ultrasound ®) Gheok or pdates

Thoracic Ultrasound

Ariel Hendin, MD, Seth Koenig, MD, and Scott J. Millington, MD H

e For pleural effusion, LUS is extraordinarily sensitive
and can detect fluid volumes as low as 5 to 20 mlL,
whereas standard upright chest radiograph typically
cannot detect volumes < 150 mL.”’

e Characterization of Eleural fluid, with identification of
septations, complexity, and loculations, is superior to
other imaging modalities.

e Ultrasound can be used for Emcedural guidance, such
as thoracentesis or thoracostomy tube placement.” ‘

CHEST 2020; 158(5):2082-2089




Pleural effusion - Volume assessment

Maximal distance between mid-height of the diaphragm and visceral pleura (D)

2> V(ml) =16 x D (mm)

Brogi et al. Critical Care (2017) 21:325



Pleural effusion - Volume assessment

LUS is a sensitive tool for detection of pleural effusion
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Pleural effusion - Different types

Brogi et al. Critical Care (2017) 21:325



Pleural effusion — Malighant pleural effusions

o) Abd ol fluid

0.4 nodules on

diaphragm & ‘ pleura “a a

r*‘*

Figure 1) Ulmrasound images (Vscan, GE Healthcare, USA) (1.7 MHz to
3.8 MHz probe) of nodules on the diaphragm (A) and nodules on the
mediastinal pleura (B)

Can Respir J Vol 20 No 1, 2013

A&B

Malignant pleural effusion
: hodules on diaphragm or nodules on parietal pleura
: pleural thickening > 1cm

: hepatic metastasis
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Pleural effusion - After pleurodesis

[ Original Research Disorders of the Pleura ] g CHEST
1.0
Thoracic Ultrasound as an Early Predictor (@ e
of Pleurodesis Success in Malignant Pleural 0.8
Effusion
John P. Corgoran, BMBCh, Robert J. Hallifax, Dth/,' Ra.che/ M. Mercer, MBCIhB,' Afjmed Yousuf, MBC;hB,' '
Rachelle Asciak, MD, Maged Hassan, MBChB, Hania E. Piotrowska, BA, Ioannis Psallidas, PhD,; and Najib M. Rahman, DPhil @ 0.6 -
= P = .001

* Total pleural adherence score 5

24 h following talc slurry instillation

* 9 zone (upper, middle, and lower .
zones in the anterior, lateral, and |
posterior chest wall)

. : 0.0 . | : :
present (0), questionable (1), or - o o o o o
absent (2) 1 - Specificity

e Cut off = 10 points Dav 1: ROC area 0.900 (95% Cl, 0.812-0.988)

J —l ‘ﬁ
S |

Chest. 2018 Nov;154(5):1115-1120



IPF/ILD



TUS findings in ILD
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Honeycombing by TUS

Shanghai Chest 2018;2:41




Median number of lines (echo)

TUS vs. HRCT in severity of IPF

Purpose : Compare LUS with HRCT and PFT in IPF patients
Methods : LUS (12-lung zone protocol) vs HRCT fibrosis index

Study group : 31 patients with stable IPF (pathologic confirmed)

Results : Median number of B-lines, average thickness of pleura <-> HRCT fibrotic score (p<0.001)

: pleural thickness cut-off : 2.4mm

Conclusion : LUS is a good tool for IPF diagnosis and monitoring

5

3

Average thickness (mm - echo)

T
5 10
HRCT score

[1] 5 1'l] 15 20
HRCT score

Manolescu et al. Clin Respir J. 2019 Nov 1.

HRCT Severity \
Mild Moderate Severe P-value
B-lines 211-2] 3[2-3] 4 [4-4] <0.001#*
Thickness of 1.9 [1.7-2.4] 2.8[2.6-3.3] 3.4[3.2-3.8] <0.001*
pleural line )
FVC (%) 93 [78-108] T7 [72-84] 70 [55-72] 0.028%
FEV1 (%) 99 [76-104] 85 [73-92] 71 [66-82] 0.053
FEVI/FVC (%) 81.6 [75-86.3] 83.9[81.3-85.2] 85.3 [83.3-89.6] 0.217
DLCO (%) 61 [58-85] 52 [41-60] 36 [32-45] 0.002*



TUS in SSc ILD: PFT and Symptoms

Compare TUS B-line and HRCT in SSc: 40 SSc patients in Italy

- At 14 lung intercostal space

Correlation table (Spearman rank correlation coefficient) among clinical and health-related quality of life variables, pulmonary function
tests characteristics, Warrick score, and lung ultrasound finding.

DLco FVC Rodnan SF-36 SF-36 Total LUS Warrick
(%) FEV1 (%) (%) skin score MCS PCS score total score
Disease duration, mo  Correlation coefficient (rho) 0175 0137 0.085 0.436 0.234 0.105 -0.420
ignificance | evel P al B0 (0 /] ( 007
Correlation coefficient (rho) . : . . ' 725
Significance Level P . . <.001
V1 (7 OrTelation COeCIENT (Mo U.0 U.U34 U. U.000 U4 -0.678
s R g
Correlation coefficient (rho) : . -0.507 W682
Significance Level P . . .001 <001
Rodnan skin score Correlation coefficient (rho) 0.070 0.051 -0.145
. g msm s el 373
SF-36 MCS Correlation coefficient (rho) b6 7
Significance Level P =001
SF-36 PCS Correlation coefficient (rho) b63
Significance Level P 001
otal LUS score orrelation coefficient (o 0.819
Significance Level P <.001

DLeo =diffusion capacity of carbon monoxide, FEV1 =forced expiratory volume in the first second, FVC =forced vital capacity, LUS =lung ultrasound, MCS = mental compaonent summary scale score, PCS=
physical component summary scale score, SF-36=Short Form 36 questionnaire.

IVl. 1araelia et al. iviedicine (ZU1s) 97138 J




TUS vs. serum KL-6 in IBM ILD

A 200+

600+ . . .
§ 38 patients, Inflammatory myositis-associated ILD
o . .
.~ ’ At 50 scanning sites
$0% e
© T iR

20048~ o0ttt Conclusion

‘ ."o
o - correlated with KL-6 (r=0.43, p<0.01)
0-&‘ T T 1
0 5000 10000 15000

KL-6 serum level (U/ml)

Yukai Wang et al. Rheumatology 2019;0:1-6



TUS for long-term outcome in SSc

] 3 RIGHT RIGHT RIGHT | RIGHT | inter- LEFT LEFT LEFT LEFT
[ Original Research :| = CHEST mid- anterior mid- para- | costal | para- mid- anterior | mid-
axillary | axillary |clavicular| sternal | space | sternal | clavicular | axillary | axillary
1}
1
Prognostic Value of Lung Ultrasound ® creck o paes
. . . . |V
B-Lines in Systemic Sclerosis
Vv
TABLE 2 | Univariable and Multivariable Analysis for Association With Outcomes in the Study Population (n = 396)
Variable Univariable, hazard ratio (95% CI) P Value Multivariable HR (95% CI) P Value
LEFT LEFT LEFT inter- RIGHT RIGHT RIGHT
Age 0.991 (0.972-1.010) -358 posterior linea para- costal |para-vertebral linea posterior
Diffuse skin subset 1.119 {0.581-2.156) 737 axillary scapularis vertebral space scapularis axillary
Anti-Topoisomerase I antibody positivity 2.886 (1.642-5.072) .0001 | 2.987 (1.474-5.596) .002 .
Modified Rodnan skin score 1.020 (0.989-1.052) .216 m
Forced vital capacity, % predicted 0.996 (0.983-1.009) .565 -
Diffusion capacity of lung oxide, % predicted 0.986 (0.970-1.002) .081 1.010 (0.989-1.031) .368
v
Total posterior B-lines = 5 5.557 (1.998-15.452) 3.378 (1.137-9.994) . E
Vil
Vil
IX

Chest. 2020 Oct;158(4):1515-1525




1,0 4
0,8 7
r:u w
2067 -'LI'—I——H-I-
?
o
=
..é ] N = 396
g 04 Log rank = 13.7
A P < .0001
0,2 -
0,0 -
| I T I I I
0 20 40 60 80 100
Time (mo)
Subjects at risk
B-lines <5 102 77 44 21 15 0
B-lines 25 294 160 71 40 23 6
Chest. 2020 Oct;158(4):1515-1525
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Diaphragm amplitude, lung functions, and lung density for IPF

STUDY PROTOCOL Open Access
: : : o)
Ultrasound evaluation of diaphragmatic R

function in patients with idiopathic pulmonary
fibrosis: a retrospective observational study

Jules Milesi', Alain Boussuges?, Paul Habert®*3, Julien Bermudez', Martine Reynaud-Gaubert',
Stéphane Delliaux? Fabienne Bregeon?® and Benjamin Coiffard'”

10 40 300 550 2 5 . . g
I | [HEREEN L1ill] nghtSIde LEﬂSIde
FvC 50
0.64**| |-0.53"" |0.56™" 0.26 0.79*" r = -0.69, p<0.001 r=-0.71, p<0.001
40 -
4 DLCO =3 404 =3
I - ’d‘ B howh "k o o
1 % rH_ -0.63| |0.72 -0.02 ||| 0.65 2 ©
e L x R 301
30 -
- b mMRC é é
.. . ~0.48*| |-0.15 || |-0.56* - T
= =
- - .a 20 - -a 20 =
30 & A b BMWT & o
C3 A | A -0.30 ||| 0.44" 4 2
D = * - - o C 10 = :
® " * 3 3 10-
B ¥ = 'P,.-; > 1 - ‘:-:.._.‘_L:t':__ Amp R
e N I T B _I_l_h 0.517 0+
2 3 4 5 6 7 3 4 5 6 7
. - . 1 . . . ':. Imp max B . )
5 5 2 4 X :g\l //F} /- Amplitude Max (mm) Amplitude Max (mm)
1 i ¥ e T %t Fig. 2 Pearson correlation between HAA%-600 and maximal diaphragmatic amplitude in deep breathing in IPF patients







Emphysema, Fibrosis

Lichtenstein et al. Intensive Care Med 2019 May;45(5):690-691
Diagnostics 2021, 11(3), 439




Pleural slip distance and lung hyperinflation

Right Right Right Right Intercostal Left Left Left Left
midaxillary | anterior | midclavicular Parasternal space Parasternal | midclavicular | anterior | midaxillary
line axillary line line line line axillary line
line line
1 1 I 5 6 6
1 1 it 5 6 6
3 3 - 4 v 7 7 8 8

3 3 4 4 \%

Left Left Left Intercostal Left Left Left
posterior Scapular Paravertebral space paravertebral scapular posterior
axillary line line line line axillary
line line
) g € 1 I 13 ': ‘:_,:‘. 15
9 \ - = 1 i 13 > —wl. 15
. b e /4
9 L | 11 I 13 . 15

L. ®
9 ‘ 3 11 v 13 - g 15
10 P - 12 v 14 B : 16
10 12 12 Vi 14 14 16
10 12 12 VI 14 14 16
10 12 12 Vi 14 14 16
10 12 12 X 14 14 16

Figure 2 Pleural sliding displacement (PSD) measurement method. (A) The distance between the lung-liver junction and the left edge of the acoustic window of the
ultrasound instrument was measured along the pleural line at the end of expiration. (B) The distance between the lung-liver junction and the left edge of the acoustic
window of the ultrasound instrument was measured along the pleural line at the end of inspiration. The difference between the two values is the PSD.

0 points: normal pleural sliding and PSD> normal low

1 point: PSD < normal low + no pleural sliding sign in 2 area

2 points: PSD < normal low value + no pleural sliding (1-4 lung areas)
3 points: PSD < normal low value + no pleural sliding (5-8 lung areas)
4 points: PSD < normal low value + no pleural sliding (9—12 lung areas)
5 points: PSD < normal low value + no pleural sliding (12 lung regions)

1JCOPD 2024:19 319-330




Pleural slip distance and lung hyperinflation

Table 3 Correlation Between the Ultrasound Parameters and Pulmonary Function Indexes Reflecting LH

Lung Ultrasound Score( PSD E at Tidal Inspiration | DE at Maximal Deep Inspiration
r P r P r P r P
RV 0.72 <0.001 —0.56 | <0.001 —0.11 0.08 —0.41 <0.001
TLC 0.41 <0.001 —0.28 | <0.001 —0.08 0.22 —0.26 <0.001
FRC 0.70 <0.001 —0.63 | <0.001 —0.02 0.74 —0.43 <0.001
IC —0.56 <0.001 0.57 | <0.001 —0.01 0.94 0.30 <0.001
RV/TLC 0.72 <0.001 —0.58 | <0.001 —0.10 0.12 —0.40 <0.001
IC/TLC —0.65 <0.001 0.62 | <0.001 0.01 0.89 0.37 <0.001

Abbreviations: PSD, pleura sliding displacement; DE, diaphragm excursion; RV, residual volumetotal; TLC, total lung capacity; FRC, functional residual
capacity; |C, inspiratory capacity.

Table 4 Correlation Between the Ultrasound Parameters and COPD Score

- —

4
Lung Ultrasound Score PSD DE at Tidal Inspiration | DE at Maximal Deep Inspiration
r P r P r P r P
mMRC score 0.70 <0.001 —0.59 | <0.001 —0.12 0.05 —0.60 <0.001
CAT score 0.69 <0.001 \—0.54 <0.001 —0.12 0.05 —0.61 <0.001

Abbreviations: PSD, pleura sliding displacement; DE, diaphragm excursion; mMRC, modified Medical Research Council; CAT, COPD Assessment Test.

1JCOPD 2024:19 319-330
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DUS: stable vs. AE in COPD

ORIGINAL RESEARCH
Diaphragm Ultrasound is an Imaging Biomarker
that Distinguishes Exacerbation Status from Stable
Chronic Obstructive Pulmonary Disease

Table 4 Logistic Regression Analysis for Estimating Exacerbation of Chronic Obstructive Pulmonary Diseases

Model | Univariate Multivariate
p-value OR (95% ClI) p-value OR (95% ClI)

Age 0.722 0.99 (0.94-1.05) 0.682 0.98 (0.91-1.06)
Male sex 0317 1.96 (0.53-7.28) 0.544 1.74 (0.29-10.34)
mCCl 0.049 1.62 (1.00-2.62) 0.157 1.73 (0.81-3.70)
BMI 0.007 0.80 (0.68-0.94) 0.002 0.70 (0.56-0.88)
Low TFax 0.006 5.57 (1.64-18.94) 0014 8.40 (1.55-45.56)
Model 2 Univariate Multivariate

Age 0.722 0.99 (0.94-1.05) 0.233 0.95 (0.88-1.03)
Male sex 0317 1.957 (0.53-7.28) 0.393 2.16 (0.37-12.67)
mCCl 0.049 1.62 (1.00-2.62) 0.032 2.68 (1.09-6.60)
BMI 0.007 0.80 (0.68-0.94) 0.022 0.79 (0.64-0.97)
Low DE, .. 0.011 16.25 (1.92-137.78) 0.038 [1.51 (1.15-115.56)

Abbreviations: mCCl, modified Charlson Comorbidity Index; BMI, body mass index; TF,,,,, diaphragm thickening fraction during maximal deep breathing; DE,,,,,

diaphragm excursion during maximal deep breathing.

1JCOPD 2022:17




Diaphragm excursion in COPD

ISystematic Review and Meta-Analysis

Medicine

Ultrasonographic evaluation of diaphragm
function in patients with chronic obstructive
pulmonary disease

A systematic review and meta-analysis

Zeng Hua-Rong, BS*©, Chen Liang, MS®, Liu Rong, MC

Liu Zu-Lin, BS®
COPD 0 HE ) I Mean Difference Mean Difference
idy or Subgroup an 2 ean D a eig and 0 andom.95%¢Cl
Behrooz Davach 2014 4.208 1.215 25 7.328 1.519 25 16.2% -3.12 [-3.88, -2.36) -
MA YING 2018 585 1.44 68 7.13 1.39 68 17.8% -1.28 [-1.76, -0.80] -2
Mahvish Qaiser 2020 239 0.92 26 418 058 18 17.9% -1.79 [-2.23, -1.35] 5=
Priya Ramachandran 2020 5.35 2.8 24 7 26 18 10.6% -1.65[-3.29, -0.01] |
WANG LI 2019  fid 0.5 33 192 0.27 10 18.7% -0.70 [-0.94, -0.46] "
WANG LI 2019 205 0.34 24 192 0.27 10 18.7% 0.13 [-0.09, 0.35] i

Total (95% Cl) 200 149 100.0% |§ -1.34 [-2.15, -0.53]
Heterogeneity: Tau? = 0.90; Chi? = 123.70, df = 5 (P < 0.00001); I? = 96% 3
Test for overall effect: Z = 3.24 (P = 0.001)

Figure 3. Diaphragm deviation in patients with chronic obstructive pulmonary disease (COPD) and healthy controls.

COPDIi )& COPD¥41 1) Mean Difference Mean Difference
4Gl 0 ADUIroup viean d edan d A".l 0 d A II!,Qﬁ%Q[
Behrooz Davach 2014 3.723 1.033 7 3525 1.025 9 13.4% 0.20 [-0.82, 1.21] L
Behrooz Davach 2014 475 0.758 8 3.525 1.025 9 158% 1.23[0.37, 2.08) I
HUANG QIUXIA 2019 1.915 0.936 34 1.547 0.841 30 23.4% 0.37 [-0.07, 0.80] Bl
WANG JINAYAO 2020 4.383 0.92 20 3.387 0.532 9 21.6% 1.00 [0.46, 1.53] —J— ==
WANG JINAYAO 2020 1.887 0.484 27 1.976 0.394 11 25.8% -0.09 [-0.38, 0.21]
Total (95% Cl) 96 68 100.0% 0.50 [-0.01, 1.01] ’
Heterogeneity: Tau? = 0.24; Chi* = 17.84, df = 4 (P = 0.001); I = 78% L - 5 : x
Test for overall effect: Z = 1.91 (P = 0.06) COPD4#11/% COPD i /i

Figure 4. Diaphragm deviation in the mild-to-moderate and severe chronic obstructive pulmonary disease (COPD) groups.

Medicine 2022;101:51



Parasternal intercostal muscle in COPD

. . .. . Table 1. Baseline characteristics, spirometry, and diaphragm and parasternal
Ultrasound Evaluation of Parasternal Intercostal, Diaphragm Activity and Their , P Y .p ° ‘ g
intercostal muscle ultrasound compared between patients with stable COPD and
Ratio in Male Patients with COPD healthy subjects.
Nuttapol Rittayamai, MD; Vilasinee Marinpong', MD; Benjamas Chuaychoo', MD, Variables Healthy subjects Patients with P value
(n=15) COPD
PhD; Jamsak Tscheikuna'!, MD; Laurent J. Brochard, MD, PhD?2? (n=30)
Diaphragm ultrasound
e Tdi at end-expiration, 1.9[1.7-2.1] 1.9[1.7-2.4] 0.500
mm.
¢ Tdi at end-inspiration, 2.3[2.0-2.4] 25[2.1-3.1] 0.046
(anlaal
e TFdi, % 21.5[13.7-27 2] 29.7 [23.1-50.1] 0.002
Parasternal intercostal
muscle ultrasound
¢ Tic at end-expiration, 1.9[1.7-2.4] 2.1[1.7-2.9] 0.709
mm.
+ Tic at end-inspiration, 2.0[1.8-2.5] 2.3[2.0-3.2] 0.092
mm.
e TFic, % 2.5[1.7-4.7] 17.8 [11.1-21.6] <0.001
AJRCCM 2024




B-line in COPD: Why HF is important in COPD?

Original research

Cause-specific mortality in COPD subpopulations: a
cohort study of 339 647 people in England

Hannah Whittaker." Kieran J Rothnie,? Jennifer K Quint @ '

339647 people with COPD 97882 died

- 25.7% COPD
- 23.3% CV related

BMJ 2024



B-line and BNP correlation in COPD
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B-line in COPD AE = COPD + increased BNP or HF

Sriram KB et al. Intern Med J. 2017 Mar;47(3):324-327



B-line in AECOPD and HF

International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

Lung Ultrasound to Assess Pulmonary Congestion
in Patients with Acute Exacerbation of COPD

Predictors for B-lines across 8 zones AECOPD hospitalization or all-cause mortality
100%
Age (per 5 years) | . 90% -
1.02
Male i \° 80%
Body mass index (kg/m2) C .“ 70%
(o]
Smoking - ‘ =
‘ ® 60%
FEV1 30 - 50% — \g 0
FEV1 < 30% ‘ 5 20%7 HR:0.98, (95% Cl 0.52-1.84), p=
A 1 :0.98, (95% Cl 0.52-1.84), p=0.94
39 -
Concurrent HF - 1 - ] § 40% - |
NT-proBNP (per log unit) - ; 30% - h
-CZBP (per log unit) - ; 145 20% -
Creatinine (per log unit) ‘ b 10% Negative LUS
Partial oxygen pressure (kPa) ‘ Positive LUS
\ 137 0% -
Diuretics prior to LUS \ * ] T T T T T T T
el ‘ 0 60 120 180 240 300 360
Congésuon } Time from admission (days)
Infiltrate - 1 | : : Number at risk
5 1 15 2 Negative LUS 107 64 51 40 32 21 26
' IRR ' Positve LUS  (TE) 8 6 6 6 5 5

1JCOPD 2023:18 693-703



Pre-hospital B-lines for management of AE

Conclusion

Pre-hospital TUS in COPD
- More appropriate pharmacologic therapy (p=0.01)

- Patients who has COPD or HF in Vicenza, Italy _ _
- Appropriate CPAP in COPD (p=0.011)

- Case-Control stud
y - TUS guided management: lower PCO2 than control

(52.23mmHg vs. 42.62mmHg, p=0.049)

- Pre-hospital TUS guided management (drugs, Oxygen, Lab tests)

NUS us PCO2 -
- B W B ws O ous
mmHg
70 . .
Furosemide (mg) Methylprednisolone (mg)
4 *
” 60 52,23
4946
30 42,50 50 - 45,38 —_— 47,99
3472 ' 42,25
4 29.00
29,41 40 4
30
15,29 4
2 11,36 30
9,62
L 3,33
20 . e
9 ¥ i 3 3 Study population A profile B profile
A profile B profile A profile B profile Fig. 2 PCO, concentration in the two study groups splitted by lung profile
Fig. 1 Pharmacological therapy in the two study groups splitted by lung profile

Zanatta et al. Crit Ultrasound J (2018) 10:22



Protocols



BLUE protocol (Bedside Lung Ultrasound in Emergency)

s
) ~
-

. ;graf. i[Janiel Liqhtenstein

>

aris, France

N 7HE= 0ot

THE CATHOLIC UNIVERSITY OF KOREA

Lichtenstein. Annals of Intensive Care 2014, 4:1
Lichtenstein. Acute and Critical Care 32(1):1-8, 2017 UNIVERSITY OF KOREE



Proposal of AJRCCM review

Start with anterior fields examination

Consolidations

A-lines B-lines”
{ No sliding }7 Sliding Focal J ‘ Diffuse ]|
Subpleural consolidation
Subpleural Thin regular pleura Irregular and thickened
consolidations MNormal sliding pleura
Reduced sliding

Move to postero-lateral fields or other point-of-care ultrasound techniques

Subpleural Eventual
Lung Eventual pledr Eventual consolidations and Eventual
) o consolidations S o
point consolidations DVT+ consolidations eventual consolidations
pleural effusion
¥ ¥ Yy ¥ ¥ ¥
Pulmonar . Cardiogenic Interstitial ARDS
Pneumothorax COPD ary Pneumonia g . .
Embolism Edema Disease Pneumeonia

Figure 4. A proposal for a systematic diagnostic approach to acute respiratory failure based on literature findings (ARDS = acute respiratory distress
syndrome; COPD = chronic pulmonary obstructive disease; DVT = deep venous thrombosis). *At least three B-lines per scan.

AJRCCM Vol 199. No 6, March, 2019




Various Scanning method

8 zone method 28 zone method

4-zone method 8-zone method




Lung ultrasound protocols: chest zone locations

Posterior Midaxillary Anterior axillary ~ Midclavicular Parasternal Parasternal Midclavicular  Anterior axillary Midaxillary Posterior
axillary line line line line line line line line line axillary line
1st
Intercostal
space
2nd
Q o a Intercostal O ° a
space
3rd
~\  an an W | N Van ~ ~\

Qualiative - Semlquantltlve (grading, f/u, biomarker)

4th
Intercostal
space
Sth
0 Q Q Intercostal O
space
28-zone 8-zone 6-zone SR Se2ple SHaRIS BLUE
o protocol protocol protocol k0! firetuigal protuce! protocol
(by Scali) (CaTus) (by Platz)




Beyond POCUS, Beyond Acute care

* Big hurdle for radiologic findings
« Character of suspected lesion




Beyond POCUS, Beyond Acute care

pneumonia
with necrosis

atelectasis with
metastasis

lung cancer -~

pulmonary
with atelectasis

embolic disease

o T
w\‘\

> -~




Beyond POCUS, Beyond Acute care

2D Shear Wave | PLEURA ELASTO Tis1.0 MI 1.1
Elastography (2D-SWE) o -

R1
1 2D

_—5—20)6 - gyt ‘;--*\\l;uwcuyr:ﬂ'i‘--
Rango diniE a '
P Med. S

Gral.

CAT1

ELAST@: -

0.4Hz

D 0 ~ 200 kPa

TC 50%

1.7 cm

Mapa d

+ Prom. en EQI 16.2 kPa
Med. en EQI 15.3 kPa
Max. en EQl 22.4 kPa

3¢ Prom. en EQI 11.8 kPa
Med. en EQl 11.8 kPa
Max. en EQl 14.1 kPa

> Prom. en EQI 12.7 kPa
Med. en EQI 12.9 kPa
Max. en EQl 15.3 kPa




Enlarged right ventrcle
with Right ventricle/left
ventricle basal
diameter ratio >1.0

Flattening of the
interventrscular
septum (left ventriculas

eccentricity index >1.1

insystole and/or

diastole)

Beyond POCUS,

Right ventricular
acceleration time
<105 msec and/or
midsystodic notching
(arrow)

(Pulsed wave Doppler
sample just
below pulmonic valve)

Early diastolic
puimonary
regurgitation velocity

>2.2 mjsec

(Continous wave
Doppler across
pulmonary valve;
alignment with
puimonary

regurgitation jet)

Pulmomary artery (PA)
diameter >25mm

(PA dimension
meéasured at end
diastole, here SO mm)

Beyond Acute care

Inferior vena cava (IVC)
diameter >21 mm with
decreased inspiratory
collapse (<50 % with 3
sniff or <20 % with quiet
inspiration)

(subcostal view,
Diameter measured
perpendicular to IVC
long axis at end
expiration, here 2.2 cm)

Right atrial area (end

systole) >18 cm2

(end systole, here 28.7
cm2)




Take Home Messages




Limitation and Benefits

Many Hurdles

1) Everyone can initiate TUS with short run-in curve, but it is hard to be expertise.

2) Costs of High-end ultrasound (100,000,000 won or more)

3) Not appropriate whole lung evaluation. Time-consuming.

But Great Benefits in TUS

1) Only tools : Real-time imaging, Can evaluate lung exercise physiology
2) Sometimes better than CT, and Almost always better than X-ray
3) No harms to patients by radiation

4) Various modality (Portable to High-End)




Limitation and Benefits

In chronic pulmonary disease,

1) Pleural Effusion: amount, character, monitoring, procedure

2) Pneumonia/Infection: better than X-ray, Severity, pathogen?

3) IPF/ILD: good radiologic marker, long-term outcome, diaphragm

4) COPD: hyperinflation, Stable vs. AE, Comorbid condition (Pneumonia, HF),

5) Diaphragm: only tools for real-time diaphragm measures
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