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Pulmonary Imaging

e Anatomic imaging
e Functional imaging
 Molecular imaging




Anatomic Imaging

Multislice CT
Micro-computed CT

MRI

Reconstruction techniques
Ultrasound imaging
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Micro-CT reconstruction M onocr otaline injection

Proc ATS 2:2005; 477-80



AJRCCM 164:1/01-1711,




Langer et al., Chest 94: 103-107, 1988




End Expiration

End expiratory imagesat 10 cm
H,O PEEP within minutes of
postural change

AJRCCM 164:1/01-1711, 2001




Study Protocol

Study group

68 Patients enrolled with
diagnosis of acute
lung injury or ARDS

Recruitrment maneuvers }7

PEEP trial with PEEP
at 3 and 15 crm of water
frandom sequence) and
physiclogical variables

Recruitment maneuwer —

CT with inspiratory plateau
pressure of 45 om of water

Recruitrment maneuvers  ——

CT with PEEP at 5 and 15 cm
of water (random sequence)

Quantitative analysis

34 With lower percentage 34 With higher percentage

Gattinoni L et al. N Engl J Med 2006;354:1775-1786



Distribution of Patients According to the Percentage of
Potentially Recruitable Lung
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Distribution of Patients According to the Percentage of Potentially
Recruitable Lung and CT Images at 5 and 45 cm
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Mortality in Relation to the Percentage of Potentially Recruitable Lung

Mortality (%)

10
0

Quartile 1 Quartile 2 Quartile 3 Quartile 4
[-8.2t05.7%]  (5.Bt09.4%]  (9.5to 18.636) (18.7 to 59.3%)

Gattinoni L et al. N Engl J Med 2006;354:1775-1786



Anatomic Imaging by CT

e CT densities may represent airway/aveolar fluid
rather then collapse

* Whereisthe lung edema distributed?
— alrway/alveoll or interstitium

 Arewe over-treating CT densities at the risk of
Injury to non-dependent lung?




Sonography after Pulmonary Embolism

Respiration 2003;70:87-94




Functional Imaging

Virtual bronchoscopy

CT evaluation of ventilation and perfusion
CT evaluation of lung mechanics

Positron emission tomography
Hyperpolarized 3-He MR

Electrical impedance tomography




Multidetector CT reconstruction Bronchoscopy

Proc ATS 2:2005; 488-91




PERFLUROCHEMICALS
AS PULMONARY CONTRAST AGENTS

e Pilain film x-ray
Iimited perspective to assess distribution

e Computerized tomography (CT)
3D imaging along X,Y, and Z axes
qualitative and quantitative analysis

e High resolution CT
thin section 3D imaging along X,Y, and Z axes
qualitative and quantitative analysis




Partial Liquid Ventilation in Premature Newborns




Carina 3D Image

No PFC

PFC

Acad Radiol 8:583-586, 1997




4™ Generation 3D Image

No PFC

Acad Radiol 8:583-586, 1997




Regional Pulmonary Blood Flow

15.00(22.44) [0.00(0.00) 15.00 56.09)

Non-Smoker moker

Proc ATS 2:2005; 492-98




Quantitative Regional Lung Expansion by CT
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Proc ATS 2:2005; 517-21




PET Image During Methacholine-induced Bronchoconstriction

Proc ATS 2:2005; 522-27




Functional Imaging

 Electrical Impedance tomography




Electrical Impedance Tomography (EIT)

Production of a cross-sectional image of
(changes in)
electrical iImpedance distribution in order to estimate
(changesin)
air distribution




Electrical Impedance Tomography (EIT)

Resistivity (at 50 KHz) relative to blood:

wholeblood 1
muscle 1.6
liver 5
lung, deflated 8
lung, inflated 16
bone 50




Electrical Impedance
Tomography

Cross-sectional image of electrical impedance change

<A Voltage
Current measurement

Injection

reconstruction




Victorino et al., AJRCCM 2004:;169:791-800




special communication

Monitoring changes in lung air and liquid volumes
with electrical impedance tomography

A. ADLER,2 R AMYOT,? R. GUARDO,! J. H. T. BATES.Z AND Y. BERTHIAUME?

YCentre de Recherche Hotel-Diewu de Montréal and "J‘IIi-"i'iu'."'-".".’-'l".’fn" of Medicine, Universiteé de Montréal,
Vfnsritur de Géande Biomédical, Feole I lh'i Ter "J’ulf,u e, and EMeakins-Christie [ aborarories and
!rJII":-'J'c'-'."'.".".’.'l"'.’}." of Biomedical E ngineering, McGiil Uniy ersity, Montreal, Ouebec, Canada H2W 1718

J Appl Physiol 83 (5), 1997



{;—.'nm--- % -': ----- . o : I----I ----- I-----:---- I- ]
"] I S S SO SN S S . S B
i : :

L] 1 R ]
E 400)----a----aoe e BT el e
3 ; ; ;

S 200f----i- T oo s PSS Tt SN SRR ]

% 700 200 300 400 500 600 700 800 900 1000
Volume above FRC {(ml)

Fig. 4. Lung volume calculated by EIT (¥} as a function of syringe
volume. Values are means = 50 7 = 9 animals. FRC. functional

residual capacity.

J Appl Physiol 83:1762-1767, 1997



Regional pressure volume curves by electrical
Impedance tomography in a model of acute lung
Injury

Peter W. A. Kunst, MD; Stephan H. Bohm, MD Gilberto Vazquez de Anda, MD;

Marcelo B.P. Amato, MD; Burkhard Lachmann, MD, PhD; Piet E. Postmus, MD,
PhD; Peter M. J. M. de Vries, MD, PhD

Crit Care Med 2000:; 28:178-183
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Intensive Care Med (2003 29:233-240
DOL 101007001 34-002-1586-x
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during a pressure-voluimme maneuver



Regional pressure-volume curve
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Intensive Care Med 29: 233-240, 2003




Regional lung volume during high-frequency
oscillatory ventilation by electrical impedance
tomography*

Huibert R. van Genderingen, PhD; Adrianus J. van Vught,
MD, PhD; Jos R. C. Jansen, PhD

Crit Care Med 2004: 32:787—794




Relationship between impedance change and
mean airway pressure during HFOV

Crit CareMed 2004, 32:787-794
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3 m/o, Bronchiolitis
Servo 300, PC/PS PIP 27, PS 10,PEEP 5
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Regional ventilation in dependent areas




Regional ventilation in nondependent
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Functional Image Global Time Course
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Inline-suctioning

Handventilation

Handventilation
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30 Representation
Functianal Image aver [ast 1 sec
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Ideal Clinical Monitor

Describes regional changesin
anatomy/physiology
Non-invasive

Portability to the bedside
Short processing time
Dynamic data updating




Molecular Imaging

Micro-PET and micro-SPECT
Bioluminescence imaging
|nflammation imaging

Molecular imaging of pulmonary gene expression
using PET




“Americanswill alwaysdo theright thing
oncethey havetried everything else....”

Winston Churchill




