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Electrical Impedance
Tomography
: New Marker for Lung
Protective Strategy in ARDS?
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Conflict of Interest Co

* Drager Korea
e Pulmovista 500: Free demonstration (2 months)
e EIT analysis software (EIT analysis tool 6.3)
« Savina 300 Ventilator: Free demonstration (2 months)

» Planned to equip additional mechanical ventilator (4)
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Electrical Impedance Tomography C.
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Electrical Impedance Tomography €.°
O
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Electrical Impedance Tomography Co

Clin. Phys. Physiol. Meas., 1985, Vol. 6, No. 2, 109-121. Printed in Great Britain

Applied potential tomography: possible clinical applications

B H Brown, D C Barber and A D Seagar

Sheffield University and Health Authority, Department of Medical Physics and Clinical
Engineering, Royal Hallamshire Hospital, Glossop Road, Sheffield $10 2JF, England

Phys. Physiol. Meas. 1985;6:109  SOF s LTI



Electrical Impedance Tomography

Tissue

Resistivity ({Im)

Conditions

Cerebrospinal fluid
Blood

Liver

Human arm

Skeletal muscle

Cardiac muscle

Neural tissue
Grey matter
White matter

Lung

Fat

Bone

0.65

1.5

3.5

2.4 (longitudinal)
6.75 (transverse)
1.25 (longitudinal)

18.00 (transverse)
5.3 (average of the above)
1.6 (longitudinal)
4.24 (transverse)
4.1-7.5 (average values)
5.8
2.84
6.82
7.2-23.6
27.2
166

50% haematocrit
In vivo perfused cannine tissue

Calculated interstital valve
Calculated interstital valve

Average results for rabbit, cow and pig
Rabbit tissue

Rabbit tissue

Range from expiration to inspiration
Average of many animal results
Wet bovine bone

Phys. Physiol. Meas. 1985;6:109
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Electrical Impedance Tomography
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Electrical Impedance Tomography Co.
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ectrical Impedance Tomography o
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Phys. Physiol. Meas. 1985;6:109  SOF s LTI




EIT at Present
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How to Measure EIT? e

Closure holes - Orientation of the patient cable and electrode belt
Applying
This EIT
SWIONge
scorrecte
0 0

Patient cable Electrode belt

I g

Right port

Electrode orientation:

If possible, place the electrodes 1 and
16 symmetrically (equidistant) to the
sternum (see picture). If possible,
place the electrodes 8 and 9
symmetrically to the spine.
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Electric Impedance Tomography C.

Visualize!!

Phys. Physiol. Meas. 1985;6:109  SOF s LTI



Electric Impedance Tomography
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Tidal Variation
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Tidal Variation
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Tidal Variation & Tidal Volume
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Tidal Variation & Tidal Volume C.
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Electrical Impedance Tomography, Drager Medical gor{:omgtmtgg



EIT for Pulmonary Monitorin
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VT (RIP)

VT (RIP)

Tidal Volume during HFNC
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Global and Regional Ventilation during High Flow Nasal Cannula
in Patients with Hypoxia

Dong Hyun Lee', Eun Young Kim’, Ga Jin Seo”, Hee Jung Suh®, Jin Won Huh’,
Sang-Bum Hong’, Younsuck Koh®, and Chae-Man Lim*

Department of Pulmonology and Intersive Care Medicing, Dong-A University Hospital, Dang-4 University College of Medicine, Busan
Department of Pulmarary and Critical Care Medicing, Asan Medical Center, University of Ulsan College of Medicng, Seoul, Korea

> 20 years
Subjective dyspnea
Sa0, < 90% in room air

[ Enrolled patients ]

NC HFNC

Assess |
: vital signs, ABGA, EIT, questionnaire

NC HFNC

Assess |l
: vital signs, ABGA, EIT, questionnaire

« Unstable vital sign
— SBP < 90 mmHg
— DBP < 60 mmHg
— HR > 120 bpm
— RR > 30 bpm

« Unable to cooperate
¢ Symptomatic IHD
« Labored breathing

— Persistent dyspnea with NP
« PaO2/Fi0O2 < 200 mmHg

e Impossibility of HFNC or NP
application (facial deformity)

Acute Crit Care. 2018;33(1):7-15 SO co OIS



Regional Ventilation Assessment with EIT €.°
O

Quadrants Layers

Quadrangular Plane Dorso-ventral Plane

Acute Crit Care. 2018;33(1)7-15 SO eSS



Global Ventilation with EIT

Higher tidal variation
with HFNC

Higher tidal volume
with HFNC

Tidal

Vaﬁaﬁon4000

3500

3000

2500

2000

1500

1000

500

p < 0.001

Nasal Cannula HFNC

Acute Crit Care. 2018;33(1):7-15
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Quadrangular Distribution of Ventilation

Tidal

Variation p =0.050
800
p=0.014 p=0.027
p=0.042
Q3 Q4
B NC mHFNC

Acute Crit Care. 2018;33(1):7-15 SO co OIS



ibution of Lung
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Regional Ventilation D




Tidal Tidal

Variation Variation p = 0.056
1200
200
p =0.035
1000
37.6% 7.9%
B NC mHFNC B NC mHFNC

Acute Crit Care. 2018;33(1):7-15 SO co OIS



HENC Favors Hypo-Ventilated Lung C.

UOCS 1101 DCCOUILLIC 1C55 ITICAIIIZIUL.

In conclusion, during HFNC oxygen therapy, in addi-
tion to increased global ventilation, regional ventilation
and 1ts distribution was improved compared with con-

ventional NC.

Acute Crit Care. 2018;33(1):7-15 SO co OIS



EIT during Endotracheal Intubation o

ional EIT scans le
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Baseline

100 mL

EIT for Pneumothorax Detection C.

CT scan Ventilation Map Aeration change map

O®
&

Ventilation ‘
map ‘
Baseline

|

Crit Care Med 2008; 36:1230-1238  SOH e[S




EIT of Healthy Lung
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EIT of OO00000??? {o

 Unilateral left dorsal pleural effusion

Drager, Pulmovista 500 Manual EOI'COEIIQ'EIEHEI



EIT of OO00000??? {o

« Patient after right pneumectomy

Drager, Pulmovista 500 Manual 50|'€:OE||§|'E|E§$_!|



EIT of OO000007???

G

Drager, Pulmovista 500 Manual 50|'€:OE||§|'E|E§$_!|



EIT of OO000007???

G

« ARDS patient

Drager, Pulmovista 500 Manual 50|'€:OE||§|'E|E§$_!|



Drager, Pulmovista 500 Manual gor{:omgtmtgg



Regional Ventilation; EIT vs CT o

i Roi1 Roi2 Roid Roi4

60 +

Standard
T (equally spaced)
- positioning

40 A

20

REGIONAL VENTILATION
(percent of ventilation per slice)

80 -

60 4

‘ : Test

40 - positioning

n |

Non *  DEPENDENT
DEPENDENT

REGIONAL VENTILATION
(percent of ventilation per slice)

Am J Resp Cric Care Med; 2004:169:7 gor{:omgtmtgg



Regional Ventilation; EIT vs Electron beam CT {..

PEEP: 2cm H,0
Right lung Left lung
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EIT: change in rel. AZ (AU)
=) =)
N PN

200 300 400 500 600 200 300 400 500 600
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Chest. 2003;124:314-22 SOt e LG



Clinical Practice Guideline of

Acute
Respiratory
Distress
Syndrome

G

Y 527|343
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Lung with ARDS o
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Ventilator Induced Lung Injury, VILI Co.

559" (acute respiratory distress syndrome, ARDS)<> TFeh

BAE® U (alveolar-capillary membrane)?] F3Alo] S71el HZ37F U FEoo] xar, 23y
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VILI in ARDS
Baroﬁt:ta

Volutrauma

Stretch Injury
(Overdistension)

op» T

f

+

Atelectrauma ‘*:-_...-_..

Br J Anaesth 2004; 92: 261+70  SOFQ o HSfulH
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Lung Protective Ventilation
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Lung Protective Ventilation

Low Tidal Volume Ventilation

Limit Plateau Airway Pressure

Proper PEEP Titration

Prone Positioning

Recruit Maneuver

ECMO

Overdistension

Overdistension

Atelectrauma

Atelectrauma

Atelectrauma

Overdistension

S0 (i [eim ST



VILI in ARDS Co

Overdistensio
collapse &l alveoli




EIT for Overdistended Alveoli Detection C.

@
©
f".“a"’".L- V. Costa Bedside estimation of recruitable alveolar
0oao Batista Borges B % A
Alexandre Melo collapse and hyperdistension by electrical
Fernando Suarez-Sipmann :
Carlos Toufen Jr impedance tomography

Stephan H. Bohm
Marcelo B. P. Amato

Compl; AZ
ompiliance. . —
V pixel Pp]ateau — PEEP

Intensive Care Med (2009) 35:1132-1137 SO co Ot



Finding Overdister led Alveolous Co.
®

PEEP: 20 / TV: 50

PEEP: 14 / TV: 100

|

PEEP: 8 / TV: 150 J

PEEP: 2 / TV: 100

S0 (i [eim ST



Tidal

Variation

PEEP & Tidal Variation in a Single Alveolous
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PEEP & Tidal Variation in a Single Alveolous co
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PEEP & Tidal Variation in a Single Alveolous co
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b
Best compliance
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Decremental PEEP steps (cmH,0)

Intensive Care Med (2009) 35:1132-1137 SO co Ot



Finding Best PEEP Level!! C.'
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Segments of EIT €:°

* 340 element
* 50 EITs / sec

SURi [eim L



Decremental PEEP Trial

G
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PEEP Trlal Analysis
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PEEP Trial Analysis o

Conduct analysis
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PEEP Trial Analysis Co

Conduct analysis
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PEEP Trial Analysis
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PEEP Trial Analysis
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PEEP Trial Analysis
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EIP [mbarl

cLLP [%]l

40

VD Ratio [%]
L HP [%]

CL LP [%]

0

SOt o Ot



EIP [mbar]

(20

CL HP [%] |
CLLP [%] |

VD Ratio [%]
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CL LP %]
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Clinical Application of EIT for ARDS C.

 Lung collapse & overdistension
* Recruitable alveoli prediction
 Detecting airway closure

* Pneumothorax detection

e VVentilator dyssynchrony
 Regional ventilation delay

S0 (i [eim ST



Regional Ventilation Delay o

Beginning of End of
global inspiration inspiration

l v

AZ ROI A AZ (lobal

AZ ROIC

Ventilation Variation (AU)

AZ ROI P

Time
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Filtering Raw EIT Data o
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Estimation of Stroke Volume and Stroke Volume
Changes by Electrical Impedance Tomography C.o

Fernando José da Silva Ramos, MD,* André Hovnanian, MD, PhD,*t Rogério Souza, MD, PhD,t
Luciano C. P Azevedo, MD, PhD,* Marcelo B. P Amato, MD, PhD,t and Eduardo L. V. Costa, MD, PhD*¥
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Anesth Analg. 2018 Jan;126(1):102-110  SOH e (OIS



rel. AZ

power

Assessment of Changes in Distribution of

Lung Perfusion by Electrical Impedance
Tomography

Inéz Frerichs Sven Pulletz Gunnar Elke Florian Reifferscheid Dirk Schadler
Jens Scholz Norbert Weiler

global time course filtered regional time regional vs. linear scan of regional linear ROI ROI for calculation

of EIT data course of EIT data global EIT data regression fit  regression coefficients definition of lung perfusion
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EIT o

| How To [ .

PubMed M ‘electrical impedance tomography[Title]|
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Heterogeneity of regional inflection points from pressure-volume curves assessed by
1. electrical impedance tomography.
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Electrical Impedance Tomography C.'

* Non-Invasive
e Radiation free
e Real time

* Promising (development - clinical application)
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Electrical Impedance Tomography in ARDS Co.

 Brand new Information
e Efficacy in MV / ARDS / ...

e Further studies...
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