Critical Care Ultrasound
Here to stay or just another fad?

Dr Nick Fletcher
Departments of Anaesthesia and Critical Care

St Georges University Hospital London

@Echotrainer




Conflicts of interest

| have received technical support for courses from GE Healthcare
| have received equipment loans from Imacor inc

| run not for profit Echocardiography courses

Institutional alliances as President of ACTA

Faculty for ESA and ESICM ultrasound and echo courses

Dr Nick Fletcher 2016



Dr Nick Fletcher 2016



Scope of this talk

* Spectrum of Ultrasound in Critical Care

* Evidence base for Ultrasound

* International Perspective on Echocardiography

* Echocardiography for monitoring and management in critical care
* Future directions
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Ultrasound

Diagnostic tool
Monitoring device

Provides point of care patient management
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Critical Care

* Hi tech complex environment

* Patients have multi organ dysfunction
with rapid changes to their conditions

* Cardiac and circulatory failure is
common

* Mechanical support, inotropes and fluid
therapy

* High level of monitoring
* Philosophy
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Spectrum of Ultrasound in Critical Care

* Cardiac Ultrasound - Echocardiography
* Lung Ultrasound

* Vascular Ultrasound

* Abdominal Ultrasound
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Cardiac Ultrasound - Echocardiography
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Lung Ultrasound
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Vascular Ultrasound

Arteries
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Abdominal Ultrasound

. 84 [ 15 Qe 10
Abdome a7/ GenTis08
— |
H !
-
- .“
‘ o~
b

- Liver

Dr Nick Fletcher 2016



Evidence

There is a tipping point at which the uptake of a highly functional

technology, such as the mobile phone, can be observed to behave
almost like the spread of an epidemic

Malcolm Gladwell The Tipping Point
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The conflicting subjective and objective results of the

EV| d ance current study, despite an intense, methodical collection
of data from a relatively large population. confirms th:

measuring the cffectiveness of interventions to reduce
- Oximeter - rare, but important events is practically difficult. Im

proved methods for evaluation of new standards and

monitoring cquipment are needed if we are to rely

upon more than intermediate outcome measures and

subjective assessments to judge the effectiveness of im-
plementing costly practices and technologics.

oller et al (1993). Randomized evaluation of pulse oximetry in 20,802
ytients. Anaesthesiology 78:445-453
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Evidence

aursen C B, Sloth E, Lassen AT et al. (2014). Point-of-care ultrasonography
patients admitted with respiratory symptoms: a single-blind, randomisec
ontrolled trial.

ancet Respir Med 2(8): 638-646.
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gs Between Dec 7, 2011, and March 15, 2013, 320 patients were randomly assigned to the control group (n
vint-of<care ultrasonography group (n=160). 158 patients in the point-of-care ultra:mmgraplw i
ntrol group were analysed. 4 h after admission to the emerg

03-1) in the point-of-care-ultrasonography group versis 100 {63 - ?"* 36-1-71-3 1the c-:rntrnl group had cc
nptive diagnosés (p<0-0001). The absolute and relative eftects were 24.3% (95% CI 15.0-33-1) and
1-31), respectively. NO adverse events were reported.
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retation Point-of<care ultrasonography is a feasible, radiation free, diagnostic test, which alongside star
ostic tests is superior to standard diagnostic tests alone for establishing a correct diagnosis within 4 h. It sk

ore be considered for routine use as part of the standard diagnostic tests in the emergency departmer
ts admitted with respiratory symptoms.
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Evidence

ieleskiewicz L, Muller L, Lakhal K et al. (2015). Point-of-care ultrasound in
ntensive care units: assessment of 1073 procedures in a multicentric,
yrospective, observational study

ntensive Care Med 41(9): 1638-1647.
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1073 PFOCUS
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“ Table 2 Interventions associated with peintof-cae ultra
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* Diagnostic impactin of cases

* Change in diagnosis in of cases

* Confirmation of suspected diagnosis in of cases




Conclusions

‘The impact of POCUS on both diagnosis and treatment of ICU
patients seems critical’
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rankel H L, Kirkpatrick AW, Elbarbary M, et al. (2015). Guidelines for the
\ppropriate Use of Bedside General and Cardiac Ultrasonography in the
valuation of Critically Ill Patients—Part |: General Ultrasonography.

ociety of Critical Care Medicine (SCCM) Guidelines

rit Care Med 43(11): 2479-2502.
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ILE 6. Summary of Key Recommendations

Overall Grade of

Recommendation

iagnosis of pleural effusion (ruling-in) 1-A
uidance of small pleural effusion drainage 1-B
ynamic vs static technique for pleural effusion [ /A
drainage

lagnosis of pneumaothorax 1-A
terstitial and parenchymal lung pathology “-B
scites (hontrauma setting) 1-B
calaulous cholecystitis ty sonographer) 9
calaulous cholecystitis Gy intensivist) o-B
=nal failure (mechanical causes) D-
=nal failure (hy intensivist) [ £ A
VT diagnosis 1-B
WT bw intensist 1-B
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TABLE 6. Summary of Key Recommendations

Overall Grade of Strenagth of Level of Quality

Recommendation Recommendation of Evidence

Central venous aocess

(Seneral 1-A A
Real time 1-B B
Short axis 1-B B
Cne operator 1-C i
Uzse of Doppler »-B Conditional B
Meedle quide device [ A4 A A A4,
FPostcannulation 2-B Conditional B
Access location
Internal jugular 1-A strong A
Subdavian axillany P- Conditional i
Fermaoral 1-A strong A
Cthers venous »-B Conditional B
Cthers arteral 2-B Conditional B

VT =desp venous thrombosis, NAA = not applicable.

Mumbers indicate the strength of recommendation, whesz 1 = stmong and 2 = weakfcondtional. Letters indicate the level of qualty of evidence, where A = high,
B =moderate, and C = o,



Echocardiography
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echoresearch A Zatiropoulos and others Critical care echz rounds ICr: 14-0052; Drecember 2014
and practice DOl 1815 30ERP-14-3052

ECHO EDUCATION

CRITICAL CARE ECHO ROUNDS
Echo in cardiac arrest

Andreas Zafiropoulos MA EMBEch MRCP FRCA, Kaleab Asrress MA BMBch MRCP'Z,
Simon Redwood MD FRCP FACC FSCAI®, Stuart Gillon MBChE MRCP FFICM? and
Cavid Walker MRCP FRCA FFICM™®

Anapsthetics and Intensive Care, St Bartholomew's Heepital, London, UK
Cardinlogy, St Themas' Hospital, Londen, UK

King's Haalth Partnars, Londor, LK Correspondendg

ing's College London, 8t Thamas Hospital, London, LK should be addressed
Artersive Care, Kings College Hespital, Londan, UK to A Zafiropoulos
“Aaraesthesia and Critical Care Medicire, University College Hospital, London, UK Emall

SUniversity College, Londan, UK ajzafiropoulos@gmail Lom




Critical Care Echo — UK Perspective

British Journal of Anaesthesia 102 (3): 340—4 (2009)
doi:10.1093/bja/aen378 Advance Access publication January 18, 2009

CRITICAL CARE

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 h .
seven studies (724%) were TTEs and 7| (27.8%) were TOEs. TTE phewided’ diagnostic

images in 91.3% "5 Spontancously breauTmg amd o%.2% of mechanicaly ventilated patients.

Management was changed directly as a result of information provided in 51.2% of studies.
Changes induded fluid administration, inotrope or drug therapy, and treatment limitation.
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British Journal of Anaesthesia 109 (4): 490-2 (2012)
doi:10.1093/bjo/aes323

EDITORIAL III

Critical care echocardiography: cleared for take up

S. N. Fletcher® and R. M. Grounds

Department of Critical Care, St Georges Healthcare NHS Trust, Blackshaw Road, London SW17 0QT, UK
* E-mail: nick fletcher@stgeorges.nhs.uk
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Basic — FICE
Advanced - critical care echo accreditatior

- Brltlsh Society of
Echocardlography
=' e Affiliated to the British Cardiac Society

Intensive care
" societ

v.ics.ac.uk/ics-homepage/accreditation-modules/focused-intensive-care-
-fice

/[www.bsecho.org/accreditation/types-ef-accreditation,




General ultrasonography




__________________________________________
Critical Care Echo — UK Perspective

* Cardiac ICM sub speciality training FIC

s chest Litrasaund to identify a pleural collection and features - o R e
50l dated ung

s a focused transthoracic echo andinterpretsthe results

Pirpel Cobege ol
bt of Babmbangh

ibestheindications for transoesophageal echocardiography and
retandsthe main imaging planes and cammon pathalogy
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e e e @ http://www.acta.org.uk/home/video.asp

(& ACTA :: Association of Card... % acta | Programme

B T e e R e SR R R R

was launched in June this year (2015) as a new interactive learning
experience.

Click here for more details.

ECHO e-Learning

USabcd e-Learning Discount

ACTA members can get a 7.5% discount on any "stand-alone” e-learning
product listed on www.usabcd.org. The courses are used in 25 countries and
include "Basic FATE" by Prof. Erik Sloth as well as Physics, TOE, lung and
abdominal ultrasound.

Use your ACTA member login to obtain your access coupon code for the
discount.

Login to ACTA

Further details on how to register and purchase using your coupon:
http://usabcd.org/coupon

ECHO e-Learning

e-Learning for Healthcare

A new e-leamning for healthcare resource from NHS Health Education England, in partnership with
e_ and endorsed by ACTA, is now available free of charge to anyone with an NHS email address. It

covers the theoretical knowledge required prior to undertaking hands-on training in basic echo
e-Learning for Healthcare

and lung ultrasound in intensive care.

@O @ EFm BB Bs 60’ coim
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Critical Care Echo — International
Perspective
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Consensus Statement

American Gollege of Chest Physiclans/
La Societe de Réanimation de Langue
Francaise Statement on GCompetence In
Critical Gare Ultrasonography®

Paul H Mayo, MDDy Yarwick Bemilicy, MDDy Befer Doellen, MIDy

Dawwd Feller-Kopman, MOy Christopher Harrod, MS; Adolfo Kaplan, MDD,
Joben Cropello, M Dy Andoine Viellard-Baron, MDy Olivier Sader, MD;
Daniel Lichtenstain, MD; Eric Maury, MD; Michel Slama, M Iy

and Feilippe Vignon, MD

Ojective To dafine competence in critical cara ultrasonography (OCINE).
Derign: The statement is sponsored by the Critical Cara MetWork of the Amardcan College of
Chest Physicians (ACCP) in partnership with La Socifté de Féanination da Langue Franpaise
(FELE). The ACCE and the SELF selactad a panel of experts o peview the fiald of OCITS and to
develop a consensus statament on compatence in CCUS,
Besultsr OCUS may he divided into general OCUE (thoracic, abhdominal, and vascular), and
echocamdingra phy (hasic and advanced). For aach component part, tha pana dafined the s pacific
shills that the intensivist should have to he competent in that aspect of CCTIE,
Cotclurion: In defining a reasonabhle mindmum standard for CCUS, the statemant sarves as a
guide for the intensivist to follow in achieving proficiency in the fisld.

(CHEST 2000, 135 1050-10600

Eey twor ds: critical cars; schosandioeraphy, itrering wltmsonosraphy

Abbrevations: ACCE = Amenican  Tholkge  of Chest FPhysipans; OCE —ontical care  echosarhosraphy,
OOTIE = cntival care whrasonogoraphy, GOC%S = genaral oritical care Whreeonogmaphy, VO = inderior vena cane
LV = l=f venimicle venttculr, BV = fght wentricle, wenirioulr; SELF = La Socigtd ds Réanirretion ds

Franpsiss; TEE = tmnsesophareal schoardicpraphy, TTE = tansthomacic achocsrdioemphy; 20 = two-ditnen somal




tensive Care Med (20140 40:654 664

O 16 107 /606 34 4114-3228-5 CONFERENCE REPORTS AND EAXPERT FPANEL

xpert Round Table on International consensus statement on training

chocardiography in ICU o
standards for advanced critical care

echocardiography
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EDEC
European Diploma in EchoCardiography

http://www.esicm.org/education/edec
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Diagnosis and Management in Critical
Care
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.
Diagnosis - Acute circulatory failure

* 5o year old female. Increasing dyspnoea though stable with
bilateral infiltration on CXR. Hospital inpatient for 3 weeks in DGH.
Transferred to tertiary thoracic surgery unit for pleural biopsy.

* Collapsed on ward 2 days post procedure at 22.00
* Tachycardia 130, BP unrecordable, hypoxic and raised lactate

* Diagnosis? Management?

Dr Nick Fletcher 2016



20/02/2013 02:30:57 v 20/02/2013 02:35:43 v

1 . 9
Y e : N

5~ ¢ : S\ 4T
P : 4 ol
108 10~
< -
-
15~ 15 > >
/
M- il 87
HR

Dr Nick Fletcher 2016



20/0272013 02:37:45 V
11

20+, —

Dr Nick Fletcher 2016



Diagnosis - Acute circulatory failure

* 70 years old man admitted to ICU with ACS with a stent to culprit
lesion in LAD, pulmonary oedema and renal failure

* Intubated and mechanically ventilated, renal impairment but
stable and slowly improving

* Sudden deterioration at 02.00 - hypotensive with raised lactate and
ECG changes.

* 7 Cause, ? management

Dr Nick Fletcher 2016
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Diagnosis — Acute circulatory failure

* 72 year old man who had a tissue AVR 3 months ago admitted
following OOHCA, presumed diagnosis arrythmogenic

* History of admission to local hospital following discharge from
cardiac unit with septic episode of unknown origin

* Intubated and ventilated on noradrenaline support for hypotension
* TTE performed by ICU team to assess instability

Dr Nick Fletcher 2016
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Assessment of circulation and volaemic status

Oesophageal doppler Pulse waveform analysis

Wk Fletcher 2016




Assessment of ventricular performance

Echocardiography
Continuous monitoring Semi-continuous monitoring

* VTl/stroke dist
* Stroke volume A

* VTlrespiratory variation

* Cardiac output/index -+ Stroke volume
 Cardiac output/index

* PA pressures

e Stroke volume variation

° PA pressures * Ejection fraction
« dP/dt

* PACWP i

° SVR/SVR| * Diastolic function

* RightVentricular function

* Hepatic vein flow

* |VCrespiratory variation
Dr Nick Fletcheraor2 ¥ C réspiratory variation



LV assessment

oke volume assessment

21:42:05 V

73
HR

2 LVOT ¥max 1.49 m/s
LYOT Vmean 0.82 m/s
LVYOT maxPG 8.91 mmHyg
LYOT meanPG 3.40 mmHyg

LVOT Env.Ti 299 ms
LYOT VTI pL A
HR 75 BPMY
LVSY Dopp 67 ml
LVCO Dopp 5.07 |/min
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LV assessment

oke volume assessment

wot = 2Dor X Areayor

wor =VTlyor X #rT2 \yor
wor= 24.7 X m(1.9/2)

wot= 67 mls

AC ]0

m.}& ‘0&“ nulm

2 LVOT Vmax 1.49 m/s
LYOT Vmean 0.82 m/s
LVYOT maxPG 8.91 mmHyg
LYOT meanPG 3.40 mmHyg

LYOT Env.Ti S800.8
LYOT VT 24.7 cml
HR 75 BPM
LVSY Dopp 67 ml|
LYCO Dopp 5.07 |/min|
A | [ | | L | 1 I |
— \_ O 05— \e———80
100 mm /s |
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Assessment of circulation and volume status

- LVEDD/LVEDA/LVEDAI/LVEDV(Simpsons)
* RVEDD and RVEDA

* [VC diameter

* IVC collapsibility (spontaneous respiration)

* IVC distensibility (mechanical ventilation)
* SVC collapsibility
* Aortic VTI
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Echocardiography and volume status

14 00:08:07 v 19/01/2014 13:18:24
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Dynamic indicators of volaemic status

* Manipulation of ventricular loading conditions

* Determines where the patient is on the Frank-Starling ventricular
function curve — pre load dependent or independent

* Mechanical ventilation and passive leg raising can be used to
predict fluid responsiveness in ICU

Starling Curve




Acute Cardiology - Referred end stage AS
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Acute Lung Injury HFOV
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Lung Ultrasound
¥ &g <«— Chest Wall

Effusion
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Cardiac Surgery, Critical Care Admission

Poar fissue perfusion

Rising lactats
Hypotension
/ Oliguria
- TTE
Check rhythmipacing
Guided fluid challenge A—— Gheiill‘fmzr;d RY
Cardiac output monitor .
R LY and RY confractility
SV optimization Fericardial collection
Perfusion Perfusion Ferfusion deferiorates
improves deteriorates Pericardigl collectipn s2en
Foor BY or LV or poor views and inadequate
information
Stabilize & Gonsider
consider weaning inotropes TOE&
sedafion and respiratary ar mechanical repeat
support support assessment
) Pencardial
Parfusion collection
improves
Stabilize Check for echo signs of
Cortinue monitoring tamponade
Repeat TTE /TOE Resternofomy if present
as needed

Gontinue manitaring for deferaration
Repeat TTETOE if uncerfaintysxists

Institute vasoconstrictors if good CO and
normal echa and persisting hypotension

ig & Algorithm suggesting the role of echocardivgraphy in postcardiae surgical hemodynamie management.

Hemodynamic Instability and Echocardiography-based Management-Algorithr

Evaluation of cardiac filling restrictions
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Future directions
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Semi-continuous mini TOE monitoring
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ORIGINAL

A pilot study on safety and clinical utility
of a single-use 72-hour indwelling
transesophageal echocardiography probe

Initial Clinical Experience With a Miniaturized Transesophageal
Echocardiography Probe in a Cardiac Intensive Care Unit

Nick Fletcher, MBBS, FRCA, FFICM,*t Martin Geisen, MD,* Hanif Meeran, MBBS, FRCA, FFICM, *1
Dominic Spray, MBBS, FRCA, FFICM,*t and Maurizio Cecconi, MD, MD(UK), FRCA, FFICM*1

ective: To investigate the safety of a novel, miniatur-

ized, monoplane transesophageal echocardiography probe
{(mTEE) and its potential as a hemodynamic monitoring tool.

Design: This was a retrospective andysis of the dinical
evaluation of a disposable mTEE in ventilated patients with
sewere cardiogenic shock requiring hemodynamic support.
mTEE assessment was performed by operators with mixed
lewels of TEE training. Information on hemodynamic inter-
ventions based on mTEE findings was recorded.

Setting: A tertiary university cardiac critical care unit

Participants: Male and female critical care patients admit-
ted to the unit with severe hemodynamic instability.

Interventions: Insertion of miniaturized disposable TEE
probe and hemodynamic and other critical care interven-
tions based on this and conventional monitoring.

Measurements and Msin Results: In 41 patients (51.2%
female, 732% after cardiac surgery) hemodynamic stport.
probe insertion was accomplished without major

complications. A total of 195 mTEE studies were performed,
resulting in changes in therapy in 37 (90.2%) patients based
on mTEE findings, leading to an improvement in hemody-
namic parameters in 33 (805%) patients. Right ventricular
(RV) failure was diagnosed in 26 patients (67.6%) and mTEE
had a direct therapeutic impact on management of RV
failure in 17 patients (68 %).

Condusions: Insertion and operation of a novel, miniatur-
ized transoesophageal echocardiography probe can be per-
formed for up to 72 hours without major complications.
Repeated assessment using this device provides comple-
mentary information to invasive monitoring in the majority
of patients and has an impact on hemodynamic manage-
ment
© 2014 Elsevier Inc. AN rights reserved.

KEY WORDS: echocardiography, transesophageal hemo-
dynamic, critical care, intensive care




RV failure post AVR
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Timing of hemodynamic intervention

2 31 ¥ 4 486 51 56
Hours since probe Insertion
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Conclusions

* The use of ultrasound in critical care has passed a ‘tipping point’
* Lung ultrasound is rapidly becoming a standard of care

* TTE is becoming embedded into curricula

* Time to put it in FFICM curriculum?

* How do we deliver a structured ICU ultrasound/echo service?
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