N DEIR & BY FE B
REIE AR EET



-

S aRnESERE I
by PAIN - Module (1) T{EthH
AEACUS Network President

Ewa e = o w i =3 O )
RS2 EETEEER

Faculty
-WINFOCUS, PERCUSS, WFPICC

L\ M s BES B 2
a/= QEE%EEE

v

4 POCUS Academy

< FB: Emergency Ultrasound Training Center



Lung ultrasound

-‘\‘ ‘\ w—r
. R
v -
\« 2 Mwm
- - - ““-MWT

ChenKC@POCUSAcademy



Resuscitative

Diagnostic Procedural
Guidance

A

Symptom- or Therapeutic
Sign-Based

Intrauterine Pregnancy
AAA

Cardiac/HD Assessment
Biliary

Urinary Tract

DVT
Soft-tissue/Musculoskeletal
Thoracic/Airway

Ocular

Bowel

Procedural Guidance

SKFEHA




F.O.R.E.S.I.G.H.T. Comprehensive Perioperative Ultrasound Examination

F ocused
PeriO perative

Risk

E valuation

S onography

l nvolving

G astro-Abdominal ICP Accessment

*Optic sheath diameter

H emodynamic, and
T rans-Thoracic Ultrasound

Cardiac Evaluation

‘R/L ventricular function
Pericardial effusion

‘Severe valvular abnormalities

Endotracheal Tube Placement

Pulmonary Evaluation

‘Pneumothorax
Hemodynamics

*IVC collapsibility
LV end diastolic area

‘Respiratory variation on
\ Doppler flow across LVOT/

‘Pleural effusion

‘Severe alveolar
interstitial disease

Abdominal Evaluation

‘Evaluate free fluid in
interperitoneal space /

peripheral arteries

Vascular Access

‘Demonstrate image
acquisition of peripheral
veins/arteries

via 3 windows

*Assess gastric content
and volume !

' | I ~ *‘
/ / \j@/y “Anesthesiology. 2015 Sep;123(3):670-82




IMAGE AREA IMAGE ACQUISITION PROBE
1 Heart Parasternal Long Axis (PLAX) Phased
2 Inferior Vena Cava  Subcoslal Phased
3 Lung Anterior, Lateral, Posterior Linear
4 Kidney Lengitudinal Transverse Curved
5 Bladder Suprapubic Curved
6 Dialysis Fistula Lengitudinal and Transverse Linear

Johns Hopkins Nephrology fellowship

POCUS curriculum

Lungs
B lines, Effusion,

Pneumothorax

IvC
Diameter,

Collapsibility

Kidney
Size, Echogenicity,
Hydronephrosis

Heart
Effusion, EF,
Chamber Size

Bladder
Oiameter, Volume

b Dialysis Fistula
= Diameter, Depth

Semin Dial. 2018 Mar;31(2):154-162




LUS signs

Sign Images Description Pathology

Sliding sign Figure 2 Movement between the two layers of the pleurz during normal respiration Normal

A-lines Figure € Hyperechoic horizontal lines parzllel to pleural line occurring at regular intervals below  Seen in normal lungs as well as pneumothorax and
the pleura emphysematous lungs
Artefacts from reverberations between probe and pleura

B-lines Figure 1 Hyperechoic artefacts that originate at the pleural line and extend from the probe to  Presence of three or more B-lines per intercosta|
the edge of the screen, without fading and perpendicular to the pleural line space is evidence of interstitial fluid. I seen
Artefacts that occur when the interstitium and alveali are thickened predominantly diffusely in two ar mare zones bilaterally is usually
from becoming cedematous with fluid indicative of pulmonary cedema

Z-lines - Hyperechaic artefact that originates at and perpendicular to the pleural line but does  Normal or pneumothorax
not extend tc the edge of the ultrasound windovs and are shorter, wider and less
defined than B-lines

V-lines - Fluid acts as an acoustic window to enable visualisation of the V-line of vertebral Pleural fluid

(spine sign) bodies and the posterior thoracic wall in a supine patient

E-lines - Comet tail artefacts that are superficial te the pleural line Echogenic foreign bodies or subcutanecus

emphysema

Stratosphere sign  Figure 2 The loss of lung sliding beneath the pleura Pneumothaorax

Liver sign Figure 4 Tissua similar in consistency to liver tissue seen on US Lung consolidation

(mirror sign; absent in pleural effusion

Sea shore sign Figure 2 Pleura appears as horizontal lines and the underlying lung as grainy, making up the sea Normal M mode appearance ol lung

(M mode) and sandy shore, respectively

Bar code sign Figure 3 Bar code-like appearanca Pneumotharax

(M mode) threughout M mode

Wimalasena Y, et al. EMJ 2107



Make
decision

Acquire Interpret

Bahner DP, et al. J Ultrasound Med 2012



Tension PTX ?

900

Bat sign Sliding ? PTX or others

Bahner DP, et al. J Ultrasound Med 2012






PRIAERE [ ER S RE=

K PRIZ XEZE PR EA T
SIS B 02 S TR R 72 7 R






Airway management

faEY 1 IS il

it

N\

Az

R{ '

Internal jugular v.

Common carotid a. Thyroid cartiloge

- Cricoid cartilage

Thyroid gland

Esophagus

—_—










L12-3
46 Hz
3.9Cm

2D

Res
Gn 60
C 56
3/2/1

Superficial

3.0 12.0 SR . 3.5cm ,



Systematic Review

TAKE-HOME MESSAGE
During emergency intubations, transtracheal ultrasonography can be used to

assess endotracheal tube placement before confirmation with_capnography.

Sensitivity Specificity Number of Studies
Outcome Measure (95% CI) (95% Cl) (Number of Patients)
Pooled data 0.98 (0.97-0.99) 0.98 (0.95-0.99) 11 (969)
Emergency intubations 0.98 (0.97-0.99) 0.94 (0.86-0.98) 8 (713)

Cl, Confidence interval.

Dynamic  Fast Accurate

Ann Emerg Med. 2015;66:394-395



Cricothyroid membrane

Copyright © 2016 HSU CHE CHANG. All rights reserved
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Airway management
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N N
s there lung sliding?| ——»-| ADSent lung pulse?| 70,1 CXR or CT chest to rule B L U E

Stratosphere sign? out PTX
LY% Atelectasis
No
Lung Point? Is effusion clinically significant 1‘
+ Volume loss
lYes with static or no air
Effusion bronchograms
Pneumothorax + /
What is the underlying pattern? —> | Consolidation -
Arline pattern B-line pattern N'g,mmme'@
COPD/asthma most likely; mbmdg;:g’gfnas"

+ Negative consider metabolic or
Perform DVT study - neurologic causes; +

pulmonary embolism

Characterize :
still possible Pneumonia
Positive
Pulmonary embolism
Bilateral, uniform with smooth, Unilateral, patchy with Bilateral with areas of sparing
thin pleura irregular pleura and irregular pleura

PRI SIE | l 1

,iE m : t *n Pulmonary edema Early or atypical pneumonia ARDS
J1\XN HILTE




BLUE Protocol

(Bedside Lung Ultrasound in Emergency Protocol)

Daniel Lichtenstein



Is there lung sliding?

NO, Absent lung pulse? NOi CXR or CT chest to rule
Stratosphere sign? out PTX B L U E
LY%
No
Lung Point? Is effusion clinically significant

lYes

+

Effusion

Pneumothorax +
What is the underlying pattern? —>- | Consolidation
A-line pattern pv——— T B-line pattem
. asthma most likely;
+ Negative consider metabolic or
Perform DVT study - neurologic causes;
pulmonary embolism Characterize
still possible
Positive

Pulmonary embolism

IFRSTE
Bgm ;}lt[,*i Pulmonary edema

R A

Bilateral, uniform with smooth,
thin pleura

Unilateral, patchy with Bilateral with are
irregular pleura and irregula

l l

Early or atypical pneumonia
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Normal Lung

Static Dynamic
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Artifact

A lines Smooth mirror

Pleural
Equal
Horizontal
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Tissue interfaces



Artifact

B lines Broken mirror

Pleural
| Vertical
| >3inICS
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Intensive Care Med (19949) 25: 383388
© Springer-Verlag 1999

D. Lichtenstein The comet-tail artifact: an ultrasound sign

P Biderann ruling out pneumothorax

A.Gepner
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Precision A Pure
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Intensive Care Med (2003) 29:2187-2192

DT 10, 100745001 34-003-1930-9 ORIGINAL

Daniel A. Lichtenstein The “lung pulse’: an early ultrasound sign
Nathalle Lascols =
ST of complete atelectasis

Sébastlen Prin
Cllbert Mezlere




B—ERCRIES ?

Empyema Normal lung
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B—ERCRIES ?

No sliding Lung rockets
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Essential Anatomy 5



Highest point
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Snot: Z/Oy it HEFRIE
Spin: BEERER{E
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¥ FARYRule out

A\l Sliding
B lines
Lung pulse
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PLUS for PAP
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Table 2 Lung ultrasound in the diagnosis of pneumathorax

LUS for PTX

Study (first author) n

Kirkpatrick™

Knudtson™

Chung™®

Lichtenstein®

Zhang’

Sarton®’

Lichtenstein®
Nagarsheth?

Ding™

Alrajhi™

Xirouchaki®

225

328
97

200
135

285

260
79

7569

1048

84

Sensitivity (%)
US 49

CXR 21

us 92

US 80
CXR 47

uS 95

US 86
CXR 27

UuS 100
CXR 87

us 81

us 81
CXR 31

US 88
CR 52

US 91
CXR 50

us 75
CXRO

Specificity (%)
US 100

CXR 99

us 99

Us 94
CXR 94

us 94

us 97
CXR 100

UsS 100
CXR 100

Us 100

us 100
CXR 100

Us 99
CR 100

US98
CXR 99

us a3
CXR 9¢

Ultrasound LR+/LR-

Undefined/0.51

92/0.081
13/0.21

16/0.053
29/0.14

Undefined/0

Undefined/0.19
Undefined/0.19

88/0.12

46/0.092

11/0.27

Gold standard
T

CXR
CT

CT
CT and chest drain

T

Final dlinical diagnosis
T

CT or air escape (meta-analysis)

CT or air escape (meta-analysis)

CT

Sonographer type

Novice trauma surgeens

Trauma surgeons
Experienced radiolcgists

[ntensivists
EP

Experienced physicians not otherwise
specified

Experienced intensivists

Novice surgeon

Meta-analysis varied

Meta-analysis varied

Experienced intensivist

OENING @GOV = s CagA\Vimalasena VY, et al. EMJ 2107
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L US for PTX: When 7

= When suspect pneumothorax
= Cardiac arrest/ unstable patient

* Radio—occult pneumothorax

 Limited—-resource areas

- More accurately rules in PTX than supine CXR
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PLUS for PAP




Point 1 Point 2
3 7"; . 4

“BLUE 4 point!

Point 3

Alveolar Interstitial Syndrome






o
o
'y}
i

. ..I ) .
5 W

; f ¥ J \
e N

‘l. ‘.r .

St 3

HGen
Gn 90
C 56
3/3/3

3
Glzm
© HO.
QN wn
L O -~

2D



LUS for lung edema

Table 1 Lung ultrasound in the diagnosis of cardiogenic pulmonary cedema

Study (first author) n US sensitivity/specificity US LR+/LR— Gald standard Sanographer type

Lichtenstein® 250 93.4/93 13/0.071 CXR Experienced intensivist

Lichtenstein ' 146 100/92 13/0 CXR Experienced intensivist

Agricola' 20 90/86 6.4/0.12 CXR/PiICCO/Echo Cardiologist

Volpicell* 300 85/88 43/0.15 CXR/CT/Final diagnosis EP or radiologist

Gargani’ 149 81/85 5.4/0.22 NT-proBNP Sonagrapher not otherwise specified
Lichtenstein® 307 97/95 19/0.032 Final clinical diagnasis Experienced intensivists

Liteplo 100 58/85 3.9/0.49 Final clinical diagnasis EP or LU- trained student

Maines" 23 83/91 9.2/0.19 ICD measure Experienced physicians not othenwise specified
Vitturi® 152 97/79 4.6/0.038 Final clinical diagnosis Not specified

Prosen®’ 248 100/95 20/0 Final clinical diagnosis EP

Xircuchaki” 42 46/80 2.3/0.68 T Experienced intensivist

Cibine/* 56 93.6/84 5.9/0.07¢ Final clinical diagnosis EP

Al Deeb”’ 1075 94.1/92.1 12/0.064 Meta-analysis Meta-analysis- physicians or medical students
Chiem*’ 380 87/49 (one posilive lung zone) 1.7i0.3 Final dlinical diagnasis Novice EP

Pivetta™ 1005 97/97.4 37/0.031 Final clinical diagnosis EP

OENING @GOV = s CagA\Vimalasena VY, et al. EMJ 2107
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Pneumonia
Pneumonitis
Atelectasis
Contusion
Infarction
Pleural disease

Neoplasia

Normal lung
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Patient sitting
upright and
leaning on table

Pleural space filled
with excess fluid

Fluid collects in
bag or syringe




Rib

vein,
nerve

External
Intercostal muscle

Internal
Intercostal muscle

Rib-pleura
distance 0.5 cm
Diaphragm

Soft tissue




LUS for PLE

Table 4 Lung ultrasound in the diagnosis of pleural effusion

Study (first author) n Sensitivity (%)  Specificity (%)  Ultrasound LR+/LR- Gold standard Sonographer type

Ma’ 240 US 96 Us 100 Undefined/0.04 T EP

Rozycki'? 47 Us 84 uUs 100 Undefined/0.16 CT Surgeons

Abboud” 142 UsS12 us o8 6/0.9 cT Experienced EP
Lichenstein® 32 Us 92 Js 93 13/0.086 CT Experienced intensivist
Brocks™ 61 UsS 92 Us 100 Undefined/0.08 Composite gold standard Experienced EP or surgeon

Xirouchaki” 42 US 100 JS 100 Undefinec/0 CT Experienced intensivist
CXR 65 CXR 81

Schleder™ 24 Hand US 91 Hand US 100 Undefined/0.09 High-end US Intensivist
CXR 74 CXR 31

OENING @GOV = s CagA\Vimalasena VY, et al. EMJ 2107
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Empyema
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US for PLE

Detection
Volume
Nature
Safety
Drainage

Improve ventilatory mechanics & Assist
weaning






Pneumonia

Consolidation
Air-bronchogram




98.5% abut the pleura
Sensitivity 90%
Specificity 98%

ChenKC@POCUSAcademy



LUS for Consolidation

Table 3 Lung ultrasound in the diagnosis of lung consolidation

Study (first author) n US sensitivity/specificity (%)  Ultrasound LR+/LR- Gold standard Sonographer type

Lichtenstein’ 32 93/100 Undefined/0.07 CT Experienced intensivist

Lichtenstein’ 118 90/98 45/0.1 CT Experienced intensivists

Lichtenstein® 260 89/94 15/0.12 Final clinical diagnosis Experienced intensivists

Xirouchaki** a2 100178 1.5/0 CI Experienced intensivist

Corterello® 81 (pneurnonia) 98/95 20/0.021 Final clinical diagnosis Experienced EP

Chavez™ 1172 (pneumonia) 94/96 24/0.063 CXR, CT or dinical criteria (meta-  Mela-analysis varied
analysis)

Nazerian™ 285 83/96 21/0.18 CT Experienced EP ar internist

Llamas-Alvarez" 2359 80-90/70-90 Not calculated Metz-analysis Meta-analysis varied

OENING @GOV = s CagA\Vimalasena VY, et al. EMJ 2107
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| nterpretation

Ficture optimization

Patient position
Frobe selection & orientation
Fratacol sala~tion

* Respiratory symptoms and/or signs
* Unclear chest radiogreph findings
* Monitering and prognosis

- Pretest prcbability

* History

¢ Physical examination
* ABG

* ECG

DIAGNOSTIC HYPOTHESIS

Pleural

antifacts

* Sermsitting (or supine)
* Low-frequency proke
* Maintain pastprocassing

+ Start examination fram lung basas;

affusion suspacted PTX suspected

» Idedly supine
» If pessible, hgh-frequency prcbe
» Consider M-moda and

reduct on algarithms Power Doppler

identify diaphragm and spine

Increasad lung density suspectad

* Semsitling o supine
+ _ow-frequency arc high-frequency probas
+ tE.ire pattern analysis, deactivate nost-

processing artifacts recuction algorithms

+ Completa lung examination (anterior, lataral,

and posteriar surfaces, bilateraly)

PLEURAL LINE INTERFACE

¥

Fluid
Pleural effusion/

Homothorax
* Se
+ Fluid characteristics

\

A-line Pattern

\
D

Lung sliding?
v®@
Lung pulse? @—
v@
Vertical artifact? @—
@
Y | Y

Y

Increased i.ung Density

¢ Increasod lung weight jnater, colls, pus blood, proteins, connective tissue, lipids) and/or

* Lung deflation

Diffuse

v

B-line Pattern

Focal

Soncgraphic findinge that may holp in differential diagnesis
* B-lne: distnkution fhomogensous/inonhomogenesus cistrbution)
* B-lines "censity” [E1 pattem; B2 peotterr)

* Cocrensed lung eliding

¢ Cezreszediincreazed lung pulie

PTX likely Normal lung density
at pleural line
* Consider:
Lung point? * FEE? eftect/lurg cverinfation
* Lung pathology not reaching
* @ pleural line
* Carly stages of lung pathology
PTX highly likely * Ferformance of further tests

|
\J Y

Diagnostic Nondiagnostic

¢ Gravity.dependent or .independent pattern
* Prasanca/absence of pleural line abnarmalities

* Presence/absence of sudpleural abnomaities
(e.g., "ccal conzolidations)

\

Saolid

Large area of lung  Small subpleural
consolidation consolidation

Sonographic findings that mey he p in
cifferental diagnosis

¢ Distibution

* Detection of air bronchogram(s)

* Detection of fuid bronchogram(s)

* Vascdor oattern within the consadlidetion

Anesthesiology 9 2017, Vol.127, 568-582



| nterpretation PLEURAL LINE INTERFACE

¥ \ Y

Fluid A-line Pattern Increased Lung Density
Pl‘“l h ral .Hu‘l ion/ A ¢ Increasod lung weight jater, cells, pus bload, proteins, connective tissue, lipids) and/or
Lung sliding? & — * Lung deflation
* Sze @
* Fluid characteristics Y

v@ | Y d

Vertical artifact? @ — B-line Pattern 1 Solid
I Large area of lung  Small su“‘rl
+ @ Y Diffuse Focal ' consolidation
= Sancgraphic findinge that may holp in diffarential diagnosis Sonographic findings that mey he p in
X likely Normal lung density * B-ine: distrikution homogensousinonhomogenesus distr butionl ciffersntal diagnesis
at pleural line . oty
* B-lines "density” [E1 pottem; B2 petiern) * Distibution
* Consider: » Cocreased lung cliding * Detection of air bronchogramis)
lung point? * FEE? effect/lurg cverinfiation ¢ Cezrensedfincreazed lung pulie * Detection of fivid bno‘nchoqro'n(:).
. UJ‘\Q ga.tqobgy net reacq‘ng . C-uw'ty-deptndnl er -i\ddpenden! nattern * Vascdor oottern within the conzalidotion
* @ pleural line * Prasonca/absence of pleural line abnormalities
. * Carly stages of lung pathology * Presence/absence of susplaural abrormalities
PTX hlghly lhly » Ferformance of further tests (e.g, ‘ocal conzolidations)

l
\/ Y

Diagnostic  Nondiagnostic

Jifferential diagnosis | Transdudate « PTX

* Exudate + Bullous disease ot
* Hemcthorex * Lung wmnﬂgﬁqn o on
« Empyema (. * Pulmonary embclism e . .
Suvertlagon . *infacticus/neoplastic process  * Gordiogenic (hydrostatic]
Plunl adhesions z without pleural line involvemant PUsnonary ecenss
« Brenchial obstruction tl * Lung ovarinflatien (g, COPD, ° Nonhydrostatic pulmenary edema (e.g, ARDS)
= mechanical ventilation) * Infection
) *» Bronchial obstruction (early) * Pneumonitis * Lung consolidation
v » Metabolic or neurologic causes ¢ Idiopathic intarstitial pneumoniac and other ILDs  « Pulmonary infarct
x = Alveolar hemorrhage « Pdmonary contusion
< * Alveolar preteinosis * Atelectasis (compression cr obstruction)
* Normal gattern (if isolated at lung bases) * Primary lung cancar/tumor or metastasis
~ LUNG DENSITY =

M edical Decision-making

¢ Intogration with dlinica’ context (protest probability)
« Consistency or incensictency of findings with pretest diagnostic hypothesiz
+ LUS diagnostic er nendiagnestic

| + Changes in diagnostic and therapeutic approech AﬂeStheSK)lOgy 9 201 7, \/Ol /l 27, 568_582



LUS for critically ill patients

ARJCCM 2018

ACUTE RESPIRATORY FAILURE — DIFFERENTIAL DIAGNOSIS

Start with anterior fields examination

A-lines

B-lines”

Consolidations
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Diffuse }

Thin regular pleura
Normal sliding

\

Subpleural consolidation
Irregular and thickened pleura
Reduced sliding

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

Lung point Eventual Subpleural Eventual Eventual Eventual consolidation
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Pneumothorax COPD Pulmonary Preumonia Cardiogenic Interstitial ARDS
Embolism edema disease Pneumonia




Lung Aeration Score

12 regions: 0 ~ 36
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