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Echographie en réanimation Echographie en réanimation : certification (1)

DIU techniques ultrasoniques en anesthésie réanimation SFAR (DIU TUSAR)
Ceeur
Poumon
FAST
Echo Doppler transcranien
ALR

e (Certification

DIU échographie et techniques ultrasonores (un module urgence) :

DIU échocardiographie en réanimation SFC/SRLF




Echographie en réanimation : certification (2)

Le champ d’action des compétences ultrasonographiques en réanimation est basé
sur des recommandations :

Recommandations issues des sociétés savantes : SFAR/SRLF/ACCP

Recommandations issues de groupes d’experts : WINFOCUS

Echocardiographie en réanimation : proposition d’ un score de compétence

Validation of a skills assessment scoring
system for transesophageal
echocardiographic monitoring

e of hemodynamics

Score

Problematic Yes

Not optimal Optimal
Not optimal Optimal
Not optimal Optimal
Not optimal Optimal
Not optimal Optimal
Not optimal Optimal

Total

Marked to massive
Marked to massive

Intensivist Expert

Normal Moderately decreased Greatly decreased
No
No
Treatment propased Wrong or incomplete
Total

TEE performed in less than 10 min (yes or no)
Final score

TE. transesophageal: 76, tra tric; FAC, fractional area change: LV, leftventricle: RV, right ventricle; VT, velocity—time inl

Charron et al Intensive Care Med 2007

Echographie en réanimation : certification (3)

Exemple de 1’échocardiographie :

Formation sur 6 mois a un an
100 a 150 ETT

30250 ETO

Echocardiographie en réanimation : durée d’ acquisition des compétences

Score de performance avant formation

Score de performance aprés formation

* g - %
Group 0 Group 1 Experts ) > g

Groupe 0 = aucune expérience i

Groupe 1 =1 an de pratique ®* 1mois 3 mois 6mois

Charron et al Intensive Care Med 2007




Echocardiographie en réanimation : durée d” acquisition des compétences

r T : .
10 15 20 25 30 35 40 45
Number o TEE
Fig. 3 Relation between the scores obtained and the number of trans-

esophageal echocardiographic examinations done by each intensivist

at M1. M3, and M6

Charron et al Intensive Care Med 200

Compétences échographiques en réanimation : échocardiographie

Table 7—Competence in Basic CCE: Required T s . e \
Cognitice Skills in Recognition of Clinical Syndsomes Table 6—Competence in Basic Critical Care

Echocardiography: Required Cognitive Skills in Image
Interpretation

Clinical Syndromes Echocardiographic Findings

Severe hypovolemia Small, hyperdynamic ventricles

/C with wide respiratory
Echocardiographic patterns
LV failure Global LV systolic dysfunction
He ous contractility patern | Global LV size and systolic function
tive of myocardial Homogeneous/heterogeneous LV contraction pattern
i i
LV cavity dilatation suggestive of Clobal RV size and systolic function
chromic cardiac disease ) . R e .
RY failure Acute-cor pulmonale: RY dilatation [ ASSESSTHENt lor poric ardial fluid/tamponade
and paradoxical septal motion* IVC size and respiratory variation
tsolated RV dilatation suggestive of ’
RV infarct Basic color Doppler assessment for severe valvular regurgitation

Tamponade

Associated find

Acute massive left-sided Normal LV cavity size {acute
valvular valvulopathy)
"

qurg perdymamic LV systolic
function (LV volume

Massive colar Doppler
flowt

Circulatory arrest
Duri suscitation amponade or acute cor pulmonale
assive pulmonary
embolism)

LV systalic function {cardiac
standstill vs severely deprassed
vs hyperdynamic)

Clobal LV systolic dysfunction

After successful He

resuscitation

Mayo et al Chest 2009

Compétences échographiques en réanimation

. CHEST

Consensus Statement

American College of Chest Physicians/
La Société de Réanimation de Langue
Francaise Statement on Competence in

s %
Critical Care Ultrasonography

Paul H. Mayo, MD; Yannick Beaulieu, MD; Peter Doelken, MD;

David Feller-Kopman, MD; Christopher Harrod, MS; Adolfo Kaplan, MD;
John Oropello, MD: Antoine Vieillard-Baron, MD; Olivier Axler, MD:

Daniel Lichtenstein, MD; Eric Maury, MD; Michel Slama, MD,
and Philippe Vignon, MD

Mayo et al st 2009

Compétences échographiques en réanimation : Doppler cardiaque

Table 13—Competence in Advanced CCE: Parameters
of LV Filling Pressure

Technical Considerations and
Parameters Interpretation

E/A matio, DTE™ Pulsed wave Doppler recorded at the tip
of the mitral valve
A restrictive pattern (E/A matio = 2,
DTE < 120 mz) is highly suggestive
of a PAOP > I8 mm Hg
Systolic fraction of Pulsed wave Doppler recorded in upper
the pulmonary left pulmonary vein
vein flow™=*
A low 5}.\(4!{1(' fraction (= 40%) sugyests
a PAOP > 18 mm Hg
| Of) D Pulsed wave Duppl‘-r recorded at the tip
of the mitral valve (E)
spler recorded at the mitral

PAOP and E/E" are closely related

Mayo et al Chest 2009




Compétences échographiques en réanimation : « poumony

Plevre Parenchyme

Table 1—Technical (Image Acquisition) and C Table Technical (Image Acquisition) and Cognitive

(Image Interpretation) Elements Required for

(Image Interpretation) Elemenis Required for
Competence in Pleural Ultrasonography

Competence in Lung Ultrasonography

Identification of u relatively hypoechoic or echo-free space Knowledge of the basic semiology of lnng ultrasound: A-lines.
surrounded by typical anatomic boundaries: diaphragm, chest B-lines, sliding lung, lung point
wall, ribs, visceral pleura, normal/consolidated/atelectatic lung Identification and characterization of consolidated lung:
Identification of liver and ascites. =n, kidney, heart identification of tissue density lung, with or without air
pericardium and pericardial effusion, spinul column, aorta, bronchograms
inferior vena cava Identification and characterization of air artifncts suggestive of the
Identi ion of characteristic dynamic findings of pleural fluid normal aeration pattern: A-lines with sliding lung
such as diaphragmatic motion, floating lung, dynamic fluid Identification and characterization of air artifacts suggestive of
motion, respirophasic shape chu alveolar interstitial pattern: number and location of B lines
Characterization of fluid: anechoic; echogenicity (using liver/spleen Knowledge of the limitations of not visualizing lung sliding/B lines
as reference); homogeneous or heterogeneous; presence of Identification and characterization of air artifacts to rule out
strands/debris/septations pueumothorax: presence of sliding lung, presence of B-lines
Identification of miscellaneous findings. such as pleural-based Identification md characterization of findingy that rule in pneumo

masses or thickening presence of hing point (both by 2D imaging and M-mode)

Performance of semiquantitative assessment of flnid volume

Recogaition of specific limitations of ultrasonography to identify
pleural fluid, such as inadequate image quality due to technical
fimitations, subeutaneous emphysema, hemothorax, echo-dense
purulent fluid, mimics of effusion such as mesothelioma or

pleural fibrosis

Mayo et al Chest 2009

Compétences échographiques en réanimation : thrombose veineuse

Table 5—Technical (Image Acquisition) and Cognitive
(Image Interpretaiion) Elements Required for
Competence in Vascular Ultrasonography for

Diagnosis of Venous Thrombosis

Identification of relevant veins and their associated artery: internal
jugalar, subelavian, axillary, brachial, basilic, common femorn!
proximal saphenous, superficial femoral. popliteal with
differentiation from adjacent artery

Identification of venous thrombosis: visualization of endoliminal
thrombus, performance of compression study with identification
of noncompressible vein consistent with thrombosis

Knowledge not to perform compression maneuver if there is a
visihle thrombus

Identification of adjacent structures such as lymph node, mass,
hematoma. ruptured Baker cyst

Mayo et al Chest 2009

Compétences échographiques en réanimation : abdomen

Table 3—Technical (Image Acquisition) and Cognitice
(Image Interpretation) Elements Required for
Competence in Abdominal Ultrasonography

me: 7 intraperitoneal fluid
Identification of a relatively echo-free space surrounded by typical
anatomrie boundaries: abdominal wall. diaphragm, liver, R Y
gallbladder, spleen, kidney, bladder, bowel, uterus, spinal
g Epanchement liquidien
Identification of abdominal wall, diaphragm, tiver, gallbladder
spleen, kidney, bladder, bowel, uterus, spinal colmn, aorta. TVC
Identification of characteristic dynamic findi of intraperitoneal . . e
fluid, such as diaphragmatic motion, floating bowel, bowel Quantification epanchen]ent
peristalsis, dynsamic finid motion, and respirophasic shape -
bility
echogenicity (using Iver/spleen
is reference); homogeneous or heterogeneons; presence of . . r
St it ationt : Dilatation rénale
Qualitative assessment of intraperitoneal fluid volume
Recoguition of specific limitations of ultrasonography to identify
intraperitoneal fluid such as inadequate in quality due to

technical limitations, hemoperitoneum, echo-dense purulent AQt
fhid Globe vésical

Assessment of the urinary tract
Bladder: identification of bladdet, identification of urinary cathiter,
identification of abnormal bladder contents , . .
Differentiation of distended bladder from ascites Anévrisme aorte abdominale
Qualitative assessment of intravesicular valume, identification of
overdistentic
Kidneys: identification:of both kidueys, identification of presence
or absence of hydronephrosis, measurement of kidney in
longitudinal avis
Assessment of the aorta
Identification of abdominal aorta
Identification of abdominal aortic aneurysm

Mayo et al Chest 2009

Compétences échographiques en réanimation : pose des cathéters

Table 4—Technical (Image Acquisition) and Cognitive
(Image Interpretation) Elements Required for
Competence in Vascular Ultrasonography for

Guidance of Vascular Access

Identification of relevant veins and arteries: internal jugular/carotid
subclavian vein/artery, axillary vein/artery, brachial vein/artery
r:uh'lj artery :(‘n)()]'.lj vewdartery vein, [‘f,'nl]]il'r.l] veins ‘i”(!l as
hasilic, cephalic, external jugular

Differentiation of vein from artery based on anatomic position,
compressibility, respirophasic changes

Identification of normal anatomic variability such as vascular
hypoplasia, variability of carotid artery position relative to
internal jugular

Identification of vascular thrombosis by direct visualization or by
compression study (see “Vascular Ultrasonography for Diagnosis
of Venous Thrombosis” section in text)

Identification of adjacent nonvenous structures such as
sternoo lt‘illf,ln]nlﬁtlfﬂl] TIHISC Il?. mass, I'vj“]lh "Ull!‘

Knowledge of the effects of patient positioning on anatomic topog
head/lower extremity rotation effects on overlap of the artery by the
vein, effects of Trendelenburg position on vasenlar distention

Mayo et al Chest 2009




Compétences échographiques en réanimation : le cerveau aussi ! Compétences échographiques en réanimation : le cerveau aussi !

Doppler de I’artére cérébrale moyenne Doppler de I’artére cérébrale moyenne

Doppler transcrénien : valeurs d’alarme
Formule Normale adulte <60 ans  Normale adulte > 60 ans
Vd <20-25 cm/s 2 des 3 critéres présents : Hypoperfusion

Parameétres mesurés
Vitesse systolique (Vs) (cm/s) 75 — 105, max 200 60 -100
Vitesse diastolique (Vd) (cm/s) 35-55 35-55

Vm <30 - 35 cm/s cérébrale grave appelant une manceuvre

IP>12-14 thérapeutique en urgence.

Parameétres calculés
Doppler transcrénien : profils classiques

Vitesse moyenne (Vm) (Vs+(Vdx2))/3

Index de pulsatilté (IP) (Vs—Vd)/Vm Vs basse, Vd basse, IP normal Hypoperfusion d’origine systémique

Index de Lindegaard (IL) Vitesse ACM/ACI Vs basse, Vd basse, IP élevé Hypoperfusion d’origine cérébrale
Vs élevée, IP normal, IL <3 Hyperhémie

Vs élevée, IP normal, IL > 3 Vasospasme

Muller et al SFAR 2008 Muller et al SFAR 2008

Echographies par des médecins non spécialistes : les lecons de la « FAST echo »
Echographie en réanimation

Surgeon-Performed Ultrasound for the
Assessment of Truncal Injuries
Lessons Learned From 1540 Patients

. Focus
* Impact sur les soins

Assessment
for the

Sonographic
Examination
of the

Trauma patient

Figure 1. Transducer positions for FAST: (1) pericardial area, (2) right . .
and (3) left upper quadrants, and (4) pelvis. Rozycki et al Ann Surg 1998




Echo FAST : hémopéritoine chez le patient instable +++

Limites de la FAST écho : sous estime les I1ésions fines chez les patients stables

Proposition d’algorithme de prise en charge des polytraumatisés avec
trauma abdomino-pelvien : ne s’oppose pas au scanner !

22

Choc Hémorragique

—

Patient contrélable

AN

Echo non utile

TDM corps entier

I

Bloc Artériographie-
Laparotomie embolisation
+/-

Adagtaé;(rilq,f]eeracrts T et al. (Crit Care 2007,11:204) par J. Duranteau 2010

FAST echo et diagnostic des 1ésions fines : inutile !!!

Not So Fast (n = 372).

M. Todd Miiler, MD, Michael D. Pasquale, MD, FACS, Wiliiam J. Bromberg, MD, Thomas E. Wasser, PhD,

and John Cox, MD

Table 5 Patients with CT Scan-Documented Intra-
abdominal Injury and a True-Negative FAST
Examination

Patient Intra-abdominal Injuries |dentified by CT Scan

Grade 1 liver |aceration

Grade 1 splenic contusion

Grade 1 liver laceration

Grade 3 splenic laceration

Grade 1 liver laceration

Grade 1 splenic laceration

Grade 2 splenic laceration

Grade 1 liver contusion

Grade 1 splenic laceration, aortic wall hematoma
Grade 1 liver hematoma, grade 1 kidney contusion
Grade 1 liver hefmatoma

Grade 1 liver hematoma

Grade 2 liver |aceration

Grade 1 splenic hematoma

Grade 2 liver hematoma, grade 1 kidney contusion
Grade 1 splenic hematoma

Grade 1 liver laceration

Grade 2 liver |aceration, right adrenal hemorrhage
Grade 2 liver laceration

Table 6 Patients with CT Scan-Documented
Retroperitoneal Injury with a True-Negative FAST
Examination

Patient Retroperitoneal Injuries Identified by CT Scan

1 Aortic wall hematoma
Right adrenal hemorrhage, pancreatic head hemorrhage
Duodenal hematoma
Duodenal hematoma
Right adrenal hemorrhage with pericaval fluid
Grade 1 kidney contusion
Grade 1 renal laceration with hematoma
Pancreatic contusion
Perinephric hematoma
Grade 1 kidney cantusion
Right renal cyst rupture

Cenclusion: Use of FAST examina-
fion as a screening tool for BATI in the
hemodvnamically stable trauma patient
results in underdiagnosis of infra-abdom-
inal injury. This may have an impact on
treatment and oufcome in frauma pa-
tients. Hemodynamically stable patients
with suspected BAI should undergo rou-
tine CT scanning.

Surgeon-Performed Bedside Organ Assessment With
Sonography After Trauma (BOAST): A Pilot Study From the
WTA Multicenter Group

Table 3 Number of Organ Injuries on BOAST/Number of Organ Injuries on Initial CT Scan CT Organ Grade

Organ |

] 1] v \

Liver 0/20 =0%
Splaen 0/8=0%
Kidney 0/6=0%
135 Organs 0/34=0%

8/15=53.3% 6/10=860% 1/1=100%
11/20=55% 1/4 % None
3/5=80% 3/4=75% None
13/42=31% 22/40 =55% 10/18 =55.5% 1/1=100%

* Plus les 1ésions sont fines, plus le risque d’erreur est grand

 Seules 34 % des lésions d’organes pleins sont vues en échographie

(vs Scanner)




Echocardiographie en réanimation : beaucoup de données scientifiques Le moniteur hémodynamique idéal - conception « classique »

CLINICAL COMMENTARY

Echocardiography in the intensive care it Précharge Fonction pompe  Post charge  Ox tissulaire

from evolution to revolution?

ig.2 Search in PubMed
]

Pressions Débit cardiaque
Volumes

Cathéter artériel pulmonaire et pronostic : impact ' Cathéter artériel pulmonaire : pas si facile

Figure 2. Odds Ratio (PAC vs No PAC) for Mortality of RCTs Evaluating the Safety and
Efficacy of the PAC

No. of Deaths/
Total No. of Patients
f ! Odds Ratio

Conditions de validité de la PAPO :

* PAPO < PAPd
* APAPO /A PAP < 1.5=Zone III
Ly gt el G o days I hespial ror conferr benefi. Desitsamost 20 years f RCTs, s » Courbe PAPO = oreillette
oy Feames may esul Tiom e aBsence of eficive « Absence d’ onde V de régurgitation

ith PAC informatic

lyl'umwi critically il |3-.‘1-l11'llt’y e ® Attention Si forte PEP ou hyperil’lﬂation




Cathéter artériel pulmonaire : 20000 lieues sous les mers...

Interprétation d” une courbe de PAPO par des réanimateurs et/ou cardiologues

Score de réussite

Mean Scores (%)

1 10
Years Of Intensive Care Medicine Practice
The scores were significantly correlated with the number of years of intensive care practice (p <.
001), but this association was weak (rho = 0.31) (Figure 1). The scores were also higher if the ICU

was affiliated with a university hospital (75.0%) rather than not affiliated with a university hospital
(67.8%, p <.0001).

Prévalence des anomalies cardiaques a 1’admission en réanimation

® 467 patients de réanimation médicale; ETT dans les 18 heures suivant
1" admission

® 36 % des patients de réanimation ont une anomalie cardiaque
22 % : 1 anomalie
7,2 % : 2 anomalies
6,8 % : 3 anomalies

® 77 % des patients ayant anomalie significative échographique n’ ont pas été
détectés cliniquement

® Pas de corrélation anomalie cardiaque / mortalité; mais durée de séjour en
réanimation et totale augmentée chez ces patients

Range and Prevalence of Cardiac
Abnormalities in Patients Hospitalized in a
Medical ICU

Ed

Bossone et al Chest. 2002

Echocardiographie en réanimation : au centre de I’évaluation cardiaque

Acute Left Ventricular Dysfunction
in the Critically lll

Signs, symptoms,
troponin, CK-MB,
BNP, ECG suggest
LV dysfunction

evidence of >——— angiography.

ACs_~ N\ Culprit esion ’
N

Consider CAD or
a variant of Regional

stress abnormality
cardiomyopathy

Supportive care NO

Chockalingam et al Chest 2010

Echographie cardiaque trans thoracique et diagnostic incompétence myocardique

Trans acic Echocardiography To Iden
Exclude Cardiac Cause of Shock

Table 1—Causes of Cardiogenic Shock
* 100 patients en état de choc
* 99 sont échogenes e vl s, 2l
‘ SeHSibilité = 100 % ‘ .-||1\\|~T:It'1:'t::l!;| ".\'(Ivl:ll{fhnill\l'.\l|1n-.'n: n
* Spécificité =95 % nde
* VPP =97 % ~jf1-nl.| meehs
* VPN =100 %

Paptllary mupture and severe wiiral Tegurgtiaiion
Severe LVOT obstruction
Fotal 3

Table 3—Change in Management After TTE
No. of
=51 % de modifications
— thérapeutiques
»alloon pump
Thrombolysis

Angioplasty

Joseph et al Chest. 2004




Echographie cardiaque trans thoracique et réanimation « générale » Une hépatite non cholestatique

/ a 102 (3): 340-4 (2009) 4 *Cardiaque 23:04:54
40k 10.1093b ess publication anuary 18, 2009 BJ CHU de NIMES (F) as 18-A0u-08
CRITICAL CARE +51 im/s
PR - f: 1.7 MHz H
Impact of echocardiography on patient management in the
intensive care unit: an audit of district general hospital practice

R. M. L’E. Orme#, M. P. Oram and C. E. McKinstry

Results. Two hundred and fifty-eight echocardiograms were performed in 217 patients, of
which 224 (86.8%) were performed by intensive care consultants. One hundred and eighty-
seven studies (72.4%) were TTEs and 71 (27.8%) were TOEs. TTE provided diagnostic

Q S/ o 5o noo - o~ A - o " ad. o -

Management was changed directly as a result of information provided in 51.2% of studies.
Changes included fluid administration, inotrope or drug therapy, and treatment limitation.

Conclusions. Echocardiography may have a significant impact on the management of patients
in the general ICU. We recommend that appropriate training in echocardiography should be
incorporated into the intensive care curriculum in the UK.

Vv . - T Anaesth 200C ..
Orme et al Br J Anaesth 2009 « Swmgmg Heart »

Fonction systolique VG : choc septique sur inhalation « mini fluid » challenge : test rapide de la réponse au remplissage

*Cardiaque 14:44:19
CHU de NIMES (F) s 221

<Guum= | minute =—)-

Loz 1D:956800901272°4 Loz 1D:356800901272

CHU de NIMES (F) 3 * CHU de NIMES (F)

[3 sAoVmax = 0.14 mis : IT \/ == 1 6 ‘3 SO Vmay; 2105y . : IT V = 23 .
X a3 E o4 : i

“Cardiague 0:51:54 :
CHU de NIMES (F) 38 23-Jui-08 IAVmoy = 078mis o
- GPmoy = 267 mmH 4 GPmoy .
# 1AVTI =1632cm = = AVTI =2274cm
i :
FC: 994 BR r o 56 BPM
1Y

> - 509 - . - [P i ‘ j

- 5 . J“ L » - [ ) ) |

FC: 66 BPM R l ‘\I“:) t\;}"':;’— “’ W fr ;"4‘“’ ) ‘%“j L ” " }': “IJJ“" T -;— 7
| ; » Ty V'Y

\ | |
g \ i | 4

\ ] v
%

FC: 139 BPM

e 100 ml d’ HEA 130 :

Patient de 34 ans, OH chronique +++, coma éthylique + choc *Variabilité inter et intra opérateur = 5 %




.. . @ Hemodynamic The hemodynamically unstable
Mini fluid Challenge : patient in the intensive care unit:

Hemodynamic vs. transesophageal
echocardiographic monitoring

Best cut off value = 10%
Se = 0.95[{0.87 - 0.99] Costachescu et al Critical Care Medicine
Sp=0.78[0.59- 0.97] a0 2002
positive predictive value = 0.83 [0.68 - 0.98] S
negative predictive vaiue = 0.93 [0.81 - 0.99]
positive like hood ratio = 4.32
negative like hood ratic = 0.064

Post op
Chir cardiaque
O Echocardiographic

ﬁ%b ] Erreur la plus fréquente :
o Sous estimation de la dysfonction

Values of AVTI, (%)

. Gauche avec la Swan
>

= ' L’échographie n’est pas opérateur
204 dépendante !
Responders Non responders

Echographie pulmonaire : diagnostic immédiat d’épanchement pleural
graphic p g p p

Echo = aide au
diagnostic radiologique
de « poumon blanc »

I 1D:3568061203 3 |Cardiaque 2:39:33 pm
CHU CAREMEAU 3s 03-Déc-06

Avec une sonde cardio...

Coupe transversale

Drainage 1800 ml...

FC: 39 BPM

Coupe longitudinale



Echo pulmonaire : diagnostic simple de condensation pulmonaire Echographie pulmonaire : parenchyme, résumé en un exemple

22-001-1042 01-jan-2009 10:34 C.HU CAREMEAU NIMES
011878430 Thorax Rea F

*Cardiaque 6:12:34 am
CHU de NIMES (F) 38 05-Nov-09

“[2D[16 em |
63 im/s
1.7 MHz H
DR: 65 dB
JR:20 G:61

{ “Cardiaque 14:23:35
CHU de NIMES (F) 3 o CHU de NIVES (F) s 01~Jan-09

POUMON D b POUMON G

FC: 99 BPM

FC: 179 BPM

Echo pleuro pulmonaire : réduction de I’imagerie thoracique Echo pleuro pulmonaire : réduction des radiographies thoraciques

The Use of Point-of-Care Bedside Lung Ultrasound ey "
Significantly Reduces the Number of Radiographs and Thie Uso of Politaf-Care Bodsids ILURE Urasolind

- " Significantly Reduces the Number of Radiographs and
e i i e Computed Tomography Scans in Critically 11l Patients

Figure 2. Decrease of means of chest radiographs per patient after
bedside lung ultrasound (LUS) introduction. The reduction was
related to the examinations requested for clinical reasons, whereas
the number of chest radiographs for device control did not substan-
tially change. Values represent medians with 25th to 75th interquar-
tile range. Statistical analysis: 2-tailed Mann-Whitney test. ***P <

0.001. Gray boxes: group C. White boxes: group S.

SAPS |l score
Admission diagnosi: (m
Trauma patient with head injury
Trauma patient without head injury
Medical patient
Surgical patient
Chest pathology, % (
Lung contusion
Preumonia
Pleural effusion

]

Chest radiographs

Total chest radiographs (n)
Chest radiographs for parenchymal investigation (n)
Chest radiographs for device control (n)

Chest CT, ()

Length of intracranial hypertension (in ICP menitoring) (days)
Length of MV (days)
ICU LOS ) 9 (5-14)
Mortality, % (31)
For clinical motivation For device contml

Peris et al Anesth Analg 2010 Peris et al Anesth Analg 2010




Echo pleuro pulmonaire : réduction des radiographies thoraciques

The Use of Point-of-Care Bedside Lung Ultrasound
Significantly Reduces the Number of Radiographs and
Computed Tomography Scans in Critically lll Patients

140 « ko

« G000

[T

A Manitic

Figure 5. A, Time-dependent variation in radiological examinations durlng the 6 months of bedside lung ultrasound (LUS) protocol application.
Total chest radiographs (black bars) and chest radiographs performed for clinical investigation (white bars) decreased significantly after the
third month. Chest computed tomography (CT) scans also decreased significantly after the third—fourth month of protocol application. B,
Radiological examinations cost saving in the control group (without bedside chest ultrasound) and the study group (with routine bedside chest
ultrasound). Total columns represent the sum of chest radiographs and chest CT-scan.

Tots! Clhent radingrapin Chont Claenn

Peris et al Anesth Analg 2010

Evolution schématique du DTC lors de ’HTIC

s 142 em/s
Diast. 288 cm/s
Vmoy 669 cm/s l
IP 1,69
IR 0.797

Vélocité

Tracé
normal Arrét circulatoire cérébral

| =]

P Zetlaoui SFAR 2009

Doppler intra cranien (ACM) :
... aspect typique d’HTIC : Vs haute, Vd basse

' lh
i

i U‘J Do %W‘W

White et al Intensive Care Med 2006

Doppler trans cranien et « pré-diagnostic » de mort encéphalmique:
choisir le bon moment pour I’angiographie ou |’ EEG

Table 2 Meta-unalysis of high quality studies and sensitivity ana-
lysis of all included studies. €/ conlidence interva

Primury anulysis: only high-quality studies

Sensitivity (%) 95
Specilicity (%) 99

ysis: ull studies
h;

Sensitivity (%) 89
\[\ulnll\n’ 99

Sensitivity analysis: all studies. Velthoven etal. [24):
EEG und clinical eriterin uy reference test

5%
Sensitivity (%) 8Y el
Specificity ( 99 O8

In conclusion, CCA by TCD in the basilar and both

middle_corabral adadac cocractly oredictad fatal _braig

damage in all patients; therefore, TCD could be used to
dgurmm; llk dpprnpn.m moment for lllol(uvmph) To

1 (S1§ u
Fig.1 Transcranial Doppler flow patterns, Transcranial Doppler (‘ J
flow patterns demonstrate normal flow with systolic and diastolic b" “)“ W" du b"hu"' [h‘ll mnh"r ILS\'JRh l\ m'kded
forward Aow (fop), mllumz, flow with systofic forward flow und [l O dLﬂ]OIL\Il’.llC that repeated TCD examination is able to

reversed diastc slic flow (iddic). und brief systolic forward flow [,\[\'.\Lll.lk'f this level of Q]JCUiﬁL‘I‘t_V.

Monteiro et al Intensive Care Med 2006




Doppler transcranien : identification précoce des patients graves Doppler transcranien : identification précoce des patients graves

Transcranial Doppler to Screen on Admission
Patients With Mild to Moderate Traumatic
Brain Injury

TABLE 2. Univariate Analysis of Transcranial Doppler
TABLE 1. Univariate Analysis of Demographic and Biochemical  [EECININI DIEENCIVoTi e E Bttt ige) [ofes ez Measurements Collected on Admission in 98 Patients With Mild to

Data Collected on Ad in98 With Mild to

Traumatic Brain Injury According to Their Neurological Status on SIS ST 180N} Moderate Traumatic Brain Injury According to Their Neurological
Posttrauma Day 7: Patients With and Without Secondary

Neurological Deterioration Status on Posttrauma Day 7: Patients With and Without Secondary

No SND (n =77) SND (n = 21) P . - . . a
— —— — * = perte de 2 points de Glasgow Neurological Deterioration

Sex, M/F 64/13 §
Injury type, n No SND (n=77) SND (n = 21) P
Motor vehicle accident 32 8
Sports 24 3

Others 21 10 FVm, cm/s 49 (31-80) 31 (18-60) <.01

Initial GSC score 14 (9-15) 13 (10-15) <01

Iss 9 (2-43) 13641 <01 FVs, cm/s 84 (47-128) 69 (38-119) <.01

H-AIS 1(1-4) 3(3-4) <01
Extracranial injuries 40137 13/8 57 Fvd, cm/s 34 (18-64) 18 (11-36) <.01
(yes/no), n e 8
Heart rate, bpm 78(@9-119) 750441200 46 Pulsatility index 1.02 (0.66-1.83) 147 (1.07-233) <01
MAP, mm Hg 90 (60-114) 93 (64-158) 69 . . .
Hemoglobin, g/dL 140 8.0-186) 135 (70-168 03 In;ury-t&TCD time, min 215 (42-700) 300 (90-690) .03
Serum sodium, mmol/L 141 (133-149) 140 (135-146) 33
Mechanical ventilation 10/67 1110 <01
(yes/no), n
Vasoactive agents 3/74 8/13 <.01
(yes/no), n
TCDB I/l 53/24 021 <01
Injuryo-CT time, min 180 (65-540) 120 (15210) <01 Bouzat et al Neurosurgery 201 Bouzat et al Neurosurgery 2011

Doppler transcranien : identification précoce des patients graves Doppler transcrénien : identification précoce des patients graves

FIGURE 2. Prediction tree consmructed from recursive-partitioning analyis
according to the incidence of subsequent neurological deterioration in 98 patients
admitted to the emergency room after mild 10 moderate traumatic brain injury.
Transcranial Doppler (TCD) values of patients with Trauma Coma Data Bank
o (TCDB) I chssification were as follows: diastolic: cerebral bood flows velocity
CT sean Yes | (FVd), 34 ems (range, 18-64 cml); and pulsasility index (PI), 1,03 (range,
AUC = 0.885 abnormalities 0.73-1.44)

Cl=0.800-0.969

AUC =0.719
Cl=0.587-0.852

Sensitivity

Sensitivity

TeDBd TCDB II

. (n=53) 5
04 08 4 5 ’ (n=45)
1-Specificity 1-Specificity

Fyd - Pl Non aggravated N ICD
I . (n=53) abnormalities

AUC =0.929
Cl = 0.864-0.994

AUC = 0.951 FVd=25cm/s FVd <25om/s

Cl = 0.905-0.996 PI<1.25 PI>1.25

Sensitivity

(n=21) (n=24)

—_———— | [

04 06 1] C 0 02 04 06
1-Specificity 1-Specificity Non aggravated Agpravated
(n=20) (n=20)

FIGURE 1. Receiter-operating chanacteristic curves of the transcranial Doppler (TCD) pavameters. AUG, area under the curve;
CI, 95% confidence interval: FVd, FVim, and FVs, diastolic, mean, and systolic cerebral blood flow velocities, respectively; PI,
pulsatility inde.

Bouzat et al Neurosurgery 2011 Bouzat et al Neurosurgery 2011



Echo veineuse : veineuse profonde proximale

20/cMhoid vaarse
1

Echo veineuse : pose des cathéters

Guidelines for Performing Ultrasound Guided Vascular
Cannulation: Recommendations of the American
Society of Echocardiography and the Society of

Cardiovascular Anesthesiologists

* Recommandation FORTE de pose des jugulaires internes sous
écho en temps réel chez I’adulte

* Idem chez I’enfant, y compris pour fémorale

* Fémorale chez I’adulte : faire pré repérage et pose sous écho si
chevauchement artere — veine.

* Sous claviére : pas de recommandation en systématique, mais
admis en sauvetage si €chec

Echographie veineuse 4 points - Intéret

Resident-performed Compression Ultrasonography

for the Detection of Proximal Deep Vein
Thrombosis: Fast and Accurate

Timothy Jang, MD, Martin Docherty, MD, Chandra Aubin, MD, Greg Polites, MD
ACAD EMERG MED d March 2004, Vol. 11, No. 3

72 patients

Contréle Echographie Contréle
2 points radiologue

|+

Pose des cathéters sous écho : voie sous Claviere possible !

— _—
V S i
e g
. : -




Insuffisance rénale aigue obstructive : diagnostic

Abdominal 17:08:05
CHU de NIMES (F) 358 28-Avr-08

“wewm | Rein normal

Abdominal 17:08:45
CHU de NIMES (F) case 28-Avr-08
20|

REIN D

Rein dilaté

Monitorage du niveau de PAM par Doppler des arteres rénales ?

Baisse de I’IR rénal

amélioration de la vascularisation rénale ?

ITT :8.6 )
5S4 ‘
38 JANV BS

29: 3989

TRAITR/8/K/ER/L

Dpt Anesthesie

Hopital BICETRE

HP Vasc. abd

GAIN S©
COMP 7S 1. BMHZz

13cm

FENET. SiBa

LONG . 8. 15—
e: B WY AN
v= 20 °

ARTERE RENALE GRUCHE INTERV ms

Insuffisance rénale aigue obstructive : néphrostomie bouchée !

Abdominal 17:10:12
CHU de NIMES (F) cass

REIN D

Doppler des arteres rénales - diagnostic d’IRA sévere

Diagnostic accuracy of Doppler renal resistive

index for reversibility of acute kidney injury
in critically ill patients
A

A
11 A 0.795

©
---{:;----.-.-—--------Lth--.
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Echo et réanimation « générale » :
un total body scanner au lit du malade ?

Doppler des artéres rénales : mieux que les scores AKIN/RIFLE ?

Diagnostic accuracy of Doppler renal resistive
index for reversibility of acute kidney injury

[[] Akistage 1or2
AKI Stage 3

in critically ill patients

Clinical Diagnosis

Echo et réanimation « générale » :
un total body scanner au lit du malade ?

Ultrasound Finding

Neurologic examination
Intracranial hypertension
Thoracic examination
[Pneumothorax

Lung consolidation

Cardiogenic pulmonary edema

Optic nerve sheath diameter more than 5 mm

Absence of “lung sliding,” absence of B-lines, detection of
the “lung point”

Hypoechoic area with an air bronchogram: static or
dinamic

More than 3 B-lines/examinated area; extended from the

lung bases to the medium and superior fields, bilaterally,

Deep Impact of Ultrasound in the Intensive Care Unit

The “ICU-sound” Protocol

What This Article Tells Us That Is New

e Transthoracic ultrasound examination can be used to diag-
nose a multitude of abnormaiities, helped modify admitting
diagnoses in 26% of patients, led to changes in medical ther-
apy in 18% of patients, and prompted invasive procedures in

229% of patients

Echo et réanimation « générale » :
un total body scanner au lit du malade ?

Table 4. Study Population Stratified According to Admitting Diagnosis, SAPS Il Score at Admission, and Number of

New Ultrasound Abnormalities

Manno et al Anesthesiology 2012

No. of New

symmetrically, without pleural line abnormalities No. of SAPS Il Score* Ultrasonographic

JARDS/ALI Nonhomogeneous B-line distribution (more than 3 B-lines/ N 2 e o, 0, e
examinated area); presence of spared areas and pleural Dlagnoshc GI’OUP Patients % (95 % CI) Abnormalities
line abnormalities; subpleural consolidations 3

Pleural effusion Echo-poor or echo-free space between the pleura Cardiac arrest 14 1.2 52 (43-60) 19
visceralis and parietal pleura - -

|Asthma/COPD/Normal lung aeration Bilateral A lines with lung sliding ?gsrgaASthma 1 g 1 .2/2 gg %?g ggg 12

Heart examination = i

Vaier diseese Hiodori severe valuar s fenaey Acute Cardiac Decompensation 27 21.6 40 (36-45) 34

<35% less than 35% .
LV, LA dilatation LA more than 5 cm, LV more than 6 cm ARDS/PneL}mon'a e 1" 8.8 42 (32-55) 13
gdateddﬂv‘, F:'Awﬂh overload pattern o o e Postoperative complications 14 1.2 40 (33-47) 14
ericardial effusion loderate/severe pericardial effusion more than 2 cm ) M

Valve vegetation Valve vegetation rr\\‘/lenln?o'_en;ephalll‘s g 3 42 g’g‘ggg g

LVH = eurologic disease —

JAbnormal abdomen examination Septic S%OCk 18 144 47 (39_55 28

Peritoneal effusion Anechogemc or moderately echogemc pattern P s )

Cholecystitis P fluid, gallbladder Other 6 48 42 (34-50) 8
wall more than 3.5 mm, Echo—Murphy sign Tota(/average 125 — (39_44) 136

Hydronephrosis

Parenchymal abnormalities (pancreas, spleen liver,

kidney, bladder)
JAbnormal venous system examination
DVT positive vein compression test

Dilatated pelvis and collecting system, hypoechoic area in
the kidney hilum

Parenchimal abnormalities, bladder assessment for
retention

Positive vein compression test

Manno et al Anesthesiology 2012

Manno et al Anesthesiology 2012




Echocardiographie en réanimation en pratique : pas encore le gold standard !

. , . .
Echographie en réanimation
Average mean number of exams per week by 5-10
type of ICU, n (%)
Medical
Surgical
Cardiac surgery

44 (70%)
46 (77%)

Certification
Impact sur les soins
Avantages et limites

Développements technologiques
5410
number of exam by week

Quintard et al Ann Fr Anesth Reanim 2011

Echocardiographie : bonne a tout faire ?

Echocardiographie en réanimation : plus de machines que d’hommes !

Echograph availability by type of centre
(percentage responding by type of center)
University and public community centers
Private centers

Echograph availability by type of ICU, n
(percentage responding by type of ICU)

Medical $ (96% * Examen échographique long
Surgical
Cardiac surgery

* Ne remplace pas un monitorage continu

* Attention a I’échocardiographie « contemplative »

Number of units with at least one staff member e Une question une réponse
2

with a diploma, n (%)
Medical

Surgical

Cardiac surgery

Quintard et al Ann Fr Anesth Reanim 2011




Doppler tissulaire, principe : un Doppler pulsé¢ myocardique

Echographle en reanimation Etude du déplacement myocardique

* En systole : fonction systolique =

z
¥
&

Doppler tissulaire
De I’ anneau mitral

* Développements technologiques

Doppler tissulaire : propriétés intrinseques du myocarde Doppler tissulaire anneau mitral : fonctions systolique et diastolique

Reference Values and Distribution of Conventional
Echocardiographic Doppler Measures and Longitudinal
A " Tissue Doppler Velocities in a Population Free From
Cardiovascular Disease
Table 3. Age- and Sex-Specific Mean Annular Velocities by pwTDI and ¢TDI
Systole LV (Mean of 4 walls) Diastole
Fonction SyStthue S’ (cTDi) e' (pwTDl a' (pwTDi)
Female sex

: ‘ Feasibility, no. (%) 652 (98%) 657 (99%) 652 (98%) 652 (98%)
™ | 13 ) f» <40y, cn/s 89+11 72+1.0 146+23 88+19

. 40-60 y, cnvs 81+1.2 6.5+1.0 11.3+24 10.0+1.9
M. b W . Y,
| f

=60 y, cnv/s 7.2+1.2 57+1.1 8.2+3.2 10.6+1.9
! =

All, cm/s 11.8+3.2
a . . .
-—' Fonction diastolique

Male sex
Feasibllity, no. (%) 590 (98%) 601 (99%) 590 (98%) 590 (98%)
<40y, em/s 7.6+1.2 141+27 9.1+1.7
40-60 y, cm/s i 6.9+1.3 107423 104+18
>y, Cm/s R 6.4+1.2 82419 11.1+1.6

\

Dalen et al Circulation 2010
Dalen et al Circulation 2010




Nouvelles techniques d” imagerie 2D strain, Speckle (moucheture) tracking (suivi)

* 2D strain, Speckle tracking

* Imagerie 3D et 4D

2D strain (déformation) , Speckle (moucheture) tracking (suivi) Speckle tracking : quantification de la contractilité segmentaire

Cc

Frame = 16

Hypokinésie

Etude de la déformation longitudinale

Goffinet et al Eur Cardiovasc Dis 2007 Geyer et al JASE 2010




) Fonction systolique VG : FEVG (Simpson) auto et 4 cavités
2D strain

2010/05/20-07,08.03 N FE=65%, 2010/05/2007.0732 g FE=59%

Image = b Image = 7

FEVG automatique : réponse aux inotropes

FE=36%

Image = ¢

Norad seule Norad + dobu




Echocardiographie en réanimation :

incontournable ?

POINTS OF VIEW

All intensivists need echocardiography skills in the

21st century

— (Critical Care and Resuscitation « Volume 2 Number 3 o September 2007 lan M Seppelt

For a patient whose condition _becomes unstable at
03:00, it is reasonable to expect xamina-
tion to answer the following questions:

« |s the heart working?

o |s it really full or really empty?

« Isthere an acute valve rupture with torrential regurgitation?
« |s there an acute cardiac rupture or ventricular septal defect?
¢ |s there a tamponade?

Focused = 1 question simple
1 réponse simple

There are thus three levels of echocardiography training
fﬂl’ intensive. care nractice:

» Level 1— the focused clinical examination, 24 hours per
day, to answer immediate clinical questions.

Level 2 — the trained echocardiographer, with more
advanced knowledge and skills, and ongoing mainte-
nance of skills and quality assurance. Ideally there will be
at least one of these in every ICU

Level 3 — the program director or researcher in critical

care echocardiography.

Most intensive care trainees recognise and want this. The
challenge for us now is to make it happen.

Echographie en réanimation

* Ne pas reproduire les erreurs de la Swan

. 2
* Formation +++ 4 )

prosthetic valve function, complex congenital he
cardiac source of systemic embolism, and stre
echocardiography ». ACCP SRLF recommnadations Chest s

* Echo en réa = rigueur, humilité et collaboratio




