IR X Ahdamaer
' m
= >y :
- : § -
— Aep
r “ .
aad ' *‘
> - /';
‘ : A ~ — ;
’ t NG ’
T— J
> 8 X (
’ [« |

POCUS IN SHOCK MANAGEMENT

PREDES BBET LM B 252 BEH

juicell9@gmail.com
POCUSacademy.com



mailto:juice119@gmail.com
http://POCUSacademy.com

Procedural Symptom- or

Resuscitative Diagnostic Guidance Sign-Based

Therapeutic

SRR B PREZ EEEa| FEURIEE | BHENE R

Core Applications (2023 ACEP Emergency Ultrasound Guidelines)
15l 2B E RO ER

Aorta Procedural Guidance "
Hepatobiliary

DVT US-guided NB Urinary tract

Trauma Testicular
Pregnancy

Thoracic/Airway Ocular Bowel

Cardia/HD assessment Skin & Soft tissue MSK




Joumnal of

Clinical Medicine r:ll\l) \P:J

Review

Critical Care Ultrasound in Shock: A Comprehensive Review of

Ultrasound Protocol for Hemodynamic Assessment in the
Intensive Care Unit

Camilo Pérez '/**, Diana Diaz-Caicedo '-?, David Fernando Almanza Hernandez "2, Lorena Moreno-Araque 12

Andrés Felipe Yepes 20 and Jorge Armando Carrizosa Gonzalez !+

’

Shock Subtype CI SVR CVP PAOP
Cardiogenic Low High High High
Hypovolemic Low High Low Low
Obstructive Low High High High
Distributive High Low Low Low

J. Clin. Med. 2024, 13, 5344
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Review

Critical Care Ultrasound in Shock: A Comprehensive Review of
Ultrasound Protocol for Hemodynamic Assessment in the

Intensive Care Unit

Circulatory

Cl < 2.2 L/min/m?

Tamponade

Effusion + RV collapse + transmitral variability
Pneumothorax

No ung sliding + Lung point

Embolism

R\ cilstation + McConnell 1+ 80080

Obstructive

Plethoric IVC. E/A>2, Ele'> 10,
PAQP >18

Left dysfunction

Hvpokinzsie ! Akinasie

Right dysfunction

RV dlatation + RVOT VT1 <95
Sepla’ displacement

Cardicgenic

IVC collapse. EfA<2, El2'<10, PAOP
<15

Acute bleeding

FAST and FAFF protocols

Occult bleading / dehydration

No free fluid

Hypovalemic

failure

Cl >=2.2 L/min/M
Sepal byperirophy
Dynamic Sysiolic anedor movement
Obstruction Daamersiegs

LVOT gradient > 30 mmHg

Responsiveness
VT IVOT > 205, Peak veloaty > 12%
Fluid Cl > 5% end-expiratory occlusion

NC distensibility >18%

Distributive ~ Responsiveness CO>10% PLR

Tolarance
No lolerance
Measiohe dyshnction, RV overlnad
Lung B prodile, VEAIS C Grade 2 1
Ventriculo Cardiacfunction optimization
Arterial Left venincie and-systoic slastance

. Anena dastance
Coupling
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Review

Critical Care Ultrasound in Shock: A Comprehensive Review of
Ultrasound Protocol for Hemodynamic Assessment in the

Intensive Care Unit

Camilo Pérez '**"

Andrés Felipe Yepes /2
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Paul Valéry

~ French poet, essayist, philosopher




TRANSLATIONAL
IReview Article CRITICAL CARE MEDICINE

L OPEN_
Point of care ultrasound and shock: The value in
bedside diagnosis and hemodynamic assessment
in undifferentiated shock patients

Catherine Nguyen', Dominic Parfianowicz', Courtney Bennett*

Etiology Cardiac output Systemic vascular | Central venous
resistance pressure

Cardiogenic Cardiomyopathy,
STEMI, valvular
dlsease arrhythmia

Distributive Sepsis, anaphylaxis % ] J
Hypovolemic Hemorrhage % 1 $
Ob i
structive E”m'mir;?nw ‘ ' t
Tamponade

J Transl Crit Care Med 2024;6:€24-00010



Resuscitative Ultrasound

and Protocols

Emerg Med Clin N Am 42 (2024) 947-966

Judy Lin, mp®*, Javier Rosario, mp®, Nicholas Saltarelli, mp*

RUSH protocol

5) IVC

6) FAST RUQ

7) FAST LUQ,
1) Parasternal long axis 8) FAST Pelvis
2) Parasternal short axis \ 9) Lung views

3) Apical 4 chamber
4) Subxiphoid

6) Suprasternal aocta
7) Parasternal acrta
8) Epigastric aorta

9) Supraumbilical acrta

10) Femoral DVT
11) Poplitezl DVT







Resuscitative Ultrasound

and Protocols
Emerg Med Clin N Am 42 (2024) 947-966

Judy Lin, mp®*, Javier Rosario, mp®, Nicholas Saltarelli, mp*

RUSH Component  Assessment What to Look for Shock Types
The Pump Cardiac Left ventricular function Cardiogenic
Left ventricle/right ventricle size  Obstructive
Pericardial effusion Distributive
RV strain
Lungs B-lines
Consolidation
Effusion
Pneumothorax
The Tank Abdomen Free fluid Hypovolemic
Inferior vena cava  IVC respiratory variation Distributive
The Pipes Aorta Aneurysm Cardiogenic
Dissection Hypovolemic

Obstructive



Resuscitative Ultrasound

and Protocols
Emerg Med Clin N Am 42 (2024) 947-966

Judy Lin, mp®*, Javier Rosario, mp®, Nicholas Saltarelli, mp*

Sonography in hypotension and cardiac arrest in the emergency department, cardiac arrest
protocol

Tiers Views Assessment

Core Subxiphoid Pericardial effusion, right heart strain, LVEF
Parasternal long axis

Supplemental Lung bases Pleural fluid
IVC Size and collapse

Additional Leg veins DVT
Aorta AAA

Pelvis Free fluid



Resuscitative Ultrasound

and Protocols
Emerg Med Clin N Am 42 (2024) 947-966

Judy Lin, mp®*, Javier Rosario, mp®, Nicholas Saltarelli, mp*

Sonography in hypotension and cardiac arrest in the emergency department, hypotension
protocol

Tiers Views Assessment

Core Subxiphoid Pericardial effusion, right heart strain,
left ventricular ejection fraction (LVEF)
Parasternal long axis

Lung bases Pleural fluid, B-lines
IvC Size and collapse
Supplemental Additional cardiac windows
Additional Leg veins Deep venous thrombosis (DVT)
Aorta AAA

Pelvis Free fluid, intrauterine pregnancy (IUP)



Resuscitative Ultrasound

and Protocols
Emerg Med Clin N Am 42 (2024) 947-966

Judy Lin, mp®*, Javier Rosario, mp®, Nicholas Saltarelli, mp*

CVP IVC Diameter % Collapse RAP

Low <2.1cm >50% 3 mm Hg

Intermediate <2.1cm <50% 8 mm Hg
>2.1 cm >50% 8 mm Hg

High >2.1¢cm <50% 15 mm Hg



To fill or not to fill ?

CVP IVC Diameter % Collapse RAP
Low <2.1cm >50% 3 mm Hg

Intermediate <2.1cm <50% 8 mm Hg
>2.1 cm >50% 8 mm Hg

High >2.1c¢m <50% 15 mm Hg
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Yoshida etal. Critical Care  (2023) 27:200

al.Cr Critical Care
https//dai.org/10.1186/513054-023-04495-6

. . : ®
Diagnostic accuracy of point-of-care e

ultrasound for shock: a systematic review
and meta-analysis

Takug Yoshica'?, Takuya Yoshida', Hisashi Noma®, Takeshi Nomura®, Akihiro Suzuki® ard Tzkahiro Mihara'®

Shock type No. of Sensitivity Specificity Area under the ROCcurve  Positive Negative likelihood ratio
patients likelihood
(study) ratio
Obstructive 810 (%) 082 (068-091)  C.U8(0.92-069]  (.95(0 78-057) A0 [17-108) 020 (0.10-0.33)
Cardingenic 818 (%) 0.78 (0.56-0.91) 0.9 (092-098] .96 (0.85-057) 19 (7.1-40) 024 (009047
Hyoowclemic 688 (S) D20 (C.84-094)  C92(088-055  C96(08/-C56) 12 (73-78) 017 (007017
Distributive 594 (8) 0./9(C.A1-085) 0.9 (091-088) .86 (0.75-C 56) 23 (8.3-49) 022 (0.16-0.30}
Mixed 291 4 D80 (C51-091) 0.23(082-059)  CI5(075-CS57) 20(7.5-49) 027 (0.10-0.40;



CEE

Clinical and Experimental
Emergency Medicine

Clin Exp Emerg Med 2023;10(4):363-381 PN

https://doi.org/10.15441 Jecem.23.1C1

Role of point-of-care ultrasound in
critical care and emergency medicine:

eISSN: 2383-4625

Exam Hypovolemic Cardiogenic Obstructive Distributive
Cardiac exam
Left ventricle Hyperdynamic function Decreased function Hyperdynamic function Hyperdynamic or hypocontractile
Dilated chamber Pericardial effusion+chamber or normal function?
Valve abnormality? collapse
* Tamponade?

Right ventricle

Pulmonary exam
Lungs
Pleura

IVC exam

Supplementary exam
Abdomen

Vascular

Normal or small size

A-line predominance

Pleural effusion (-

Collapsed IVC

Aaortic aneurysm
Aortic dissection
Intra-abdominal hemorrhage

Collapsed veins

Dilated chamber?
Valve abnormality?

B-lines

Bilateral pleural effusions?

Distended VC

Peritoneal fluid in chronic right
or left heart failure ()

Dilated, strained RV
D-shaped septum
—+ Pulmanary embolism?

Absent lung sliding?

* Pneumathorax?
Pleural effusion (1)
Subpleural consolidations
— Pulmonary embolism?
Distended IVC

Distended intemal jugular vein
— Tamponade?

Femoral, popliteal vein thrombus?

Normal or small size

Consolidation pattem or focal B- lines
* Pneumonia

Pleural effusion (1)
* Pneumonia? Empyema?

Normal or collapsed IVC

Peritoneal fluid (L)



RUSH protocol

Pericardial effusion Left ventricular contractility Right ventricular strain
. ic?
Pump (cardiac) Effusion? :;;:Tcnr;y’namu. Right ventricle size?
Tamponade? Dcm.as’ od? Septal displacement?
Tank volume Tank leakiness Tank compromise Tank overload
. feri -
Tank (intravascular volume) | Inferior vena cava . Free fluid abdomen or pelvis? fsenting S“d'.n 97 Lung rockets?
MHicmatjuguaryens Free fluid thoracic cavity? PRovemt comct ks — Pulmonary edema
— Size or inspiratory collapse? RE — Tension pneumothorax? Y
Rupture of the pipes Clogging of the pipes
n?
Pipes (vessel) Aorta aneurysm ch?ral veini
. . Popliteal vein?
Aortic dissection .
— Thrombosis?

SHoC protocol

1. Core view: should be completed

Cardiac view [subxiphoid and parastemal long axis): pericardial fluid, gross cardiac size, shape and ventricular function
Lung view (bilateral anterior and lateral chest views): pleural fluid and B-lines
Inferior vena cava views (subxiphoid or transhepatic view): overall diameter, respiratory variation in size

2. Supplementary view: if more cardiac information is required

Other cardiac views (parasternal short axis and apical views): pericardial fluid or cardiac form or function
3. Additional view: when clinically indicated

Abdomen-pelvic view: peritoneal fluid

Aortic view: abdominal aortic aneurysm C“n EXp Emerg Med 2023;10(4):363—381

Deep vein thrombosis view
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Fluid accumulation syndrome in sepsis

M)

Chack for
vpdales

and septic shock: pathophysiology, relevance
and treatment—a comprehensive review

Carmen Andrea Pfortmueller”
Manu L. N, G. Malbrain?®?

Central Nervous

« Corabrzledema b
* Impatrad cognitinn
« Delirium

Respiratory

* Pulmonary edema T

* Altered pu.monary and chest
will elastance

+ Oxygenatien index ¥

* Lungvolumes ¥

Yéork of Dreathing

* Time an ventiator 4

« Difficulty inweaning ™

* Pleural effusions P

* Bxtravasculer lung walter

Hepatic

* Hapatic congestion &

* Hapsatlc Cempartmant
Syndromn

* Impaired synthetic function

« Cholzstads

* Cyrtachrame 2450 activity ¥

Gastrointestinal/Visceral

» Guland bowel gdema h

= Asciws formation ™

* Bawal contractility

* Intra-ubdormina. pressure
« Success onteraltecding W
* Bacrerial translocation T

» Splanchnic microcirculution ¥

, Wojciech Dabrowski®, Rob Wise*“*, Niels van Regenmortel®” and

Annals of Intensive care 2024

Cardiovascular

+ Myccardial adema

* Impalred comtractility

« Diastolic: dysfunatian

* Myoccardial deprassion
* Conductlon disturbance
* Rlirg prassures ™

» Altered venous raturn

* Pericerdlol effuslon 4

Renal

* Ranal interstitial aceama

* Henal venous praasure ‘™

« Renal blocd flow ¥

* Interatitiol pressure

+ Saltretenticn

« Water retention

« Glamarular filtration rats ¥

* Henal Compartment
Syndroms

* Altered RAAS

Skin/Soft Tissue

v Tisswe edyma

* Poor wound healing

* Riskwound infection ™

* Risk pressure ulcers O

« Abdominal wal. complionza ¥




wun

Fluid Balance
(%%Body Weight)

(]

Patient RESCUE I
= EGDT: 30
mifkg/1-3 haurs
* Fluid bolus: 4
mi/kg/15min
Geal: Pesitive FB

_Inefficient
: micrecirculation |
i I

Hypoperfusion |

Disordersin | Partially controlled

oxygen delivery |

i Uncantrolled |
: capillary leak |

... Dohydrated colls |
1

1

RESUSCITATION " OPTIMIZATION

Organ RESCUE

* Fluid restriction
= FAS prevention

* Goal: Neutral FB

Corrected
microcirculatory
perfusion

Corrected oxygen
delivery
capilary leak
Uncentrolled
extra-vascular
Muid shift

Increasing cel

swelling e

T DESESCALATION

1 STABILAZATION ' EVACUATION

Organ SUPPORT I Organ RLCOVLRY

* De-esczlation | * De-resuscitation

* Avoid creep and = Active goal directer
maintenance fAuids | fluid ramoval

* Goal: Nugative F3 [ = Goa Negative FB

) <
I Adequate Adecuate
: : microcirculatory | microcirculatory
: i perfusion I perfusion
| i Adequate Adecuate
= i oxygen celivery | oxygenr delivery
| i controlled | Reduction of
I capillary leak | tissue edema
: escaation
1§ Controlled [
: ¢ tissue edema Intra-cellu'zr
H escalation I and interstitial
1 fluid
| i Cellardtissue | homeostasis ...
peseees edema .
1]

Triggers to start FAS treatment

GEDVI » 850 ml/m?

EVIWI = 10=12 m//kg PBW
PVPI > 3 and PF ratio < 150
PPV or SW< 12%

PLR test negative

LVEDAI > 14 cm?/m?, VEXUS
IAF = 12==15 mmkg

COP « 16—18 mmHg, CLlI > &6C
BIA: ECW/ICW > 1; V> 5%

f Triggers to step fluid remaval:

PPV or SWV > 15%
PLR test positive
Lactate > 2.5 mmol/L
5,0, < 70—75%
5,0, 265—70%



Joumal of Crtical Care 71 [2022) 154070

Contents lists available at ScienceDirect

Crtical

Journal of Critical Care =

journal homepage: wwuw. journals. elsevier.com/journal-of-critical-care

The emerging concept of fluid tolerance: A position paper ()

Eduardo Kattan®, Ricardo Castro*, Francisco Miralles-Aguiar , Glenn Hernandez?, -
Philippe Rola “*

' Departamentn de Medicing Iatensiva, Foauited de Medicing, Pannficwa [miversddnd Carliea de Chile, Chile
" Anesthasio & Surgery Critical Cane Service, Hospita! Universitario Puerta de! Mar, Cadiz. Spain
©Cadef af Service, Inrensive Care Uinir, Hopirai Sanra Cabrinf, CILISSS FMTY, Manrreal Canavia

Characteristic  Fluid responsiveness Huid tolerance Fluid averload

Definicion Increase on cardiac output 210 after preload Huid talerance is the degree to which a patient can A state of global bady accumulation of fluids
incrementation by manipulation of venous returnina  tolerate administration of fluids without causation of  after resuscitation with a deleterious impact on
dynamic test context. organ dysfunction. organ function.

When louse  During resustitation During resustilation Aller resuscilation

Adecuate use  Increase CO through a (uid challenge in FR— patients  Modily resuscitation strategy [vasopressors, other Prompt de-resuscitation
to resolve hypoperfusion types of fluids, etc.)

Inadequare Consider fluid respansiveness as a mandatary trigger  Assume that fluid intolerance only accurs in fluid Inadequate timing or intensity of

use far fluid administration, irrespactive of nssue unresponsive patients de-resuscitation

perfusion status

Limitations  Not assessable in all patients and technical challenges Theoretical construct, not clinically validated yet Recrospective diagnosis; still lack of evidence

on how to best de-resuscitate




. biomedicines Biomedicines 2025, 13, 1426 m\b\"}]

Review

Point-of-Care Ultrasound Use in Hemodynamic Assessment

Ahmed Noor *, Margaret Liu '*, Alan Jarman ?, Travis Yamanaka 3 and Malvika Kaul #*©

Hepatic Veins

“J

Partal Veins

Systalic and Diastolic 9
Function
Renal Veins
Filling
presouree Carciac Output
Dynamic fluid
responsiveness
VExUS protocol:
Step 1: Inferior vena cava diameter: [f 22, proceed with next steps.
Visoeral organ Step 2: Hepatic vein Doppler.
congestion = Step 3: Portal vein Doppler.
Sysiemic Step 4: Renal vein Doppler.
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Review Article

E. Ceriani ™

-----------------------------------

. mmﬂd up diagnesis
*+ |oencification of septic ,curro
» Guide and monitor “heragy

IN
 SHOCK |

HYPOVOLEMIKC
DCTRIOUTIVC

CARDIOGENIC

-——{THE DUMDI—’L FoCuUs ff‘

", R. Schiavon®, L. La Cava“, C, Ruscitti”

=

>

N

N

-
—

g N
|ABDOMEN |

me*rmn [ Lus

j AOR‘I’A

==

" DEEP |
. VEINS

European Journal of Internal Medicine
https://doi.org/10.1016/j.ejim.2025.06.005
Point of care ultrasound: focus on evidence for a critical appraisal

C. Cogliati "

Left vetricle

dysfun.tion

Pencardial CARDIAC
effusion IAMPUNAL:
Right ventricle
dilation
Hypercontractile
hwart
(L) » “P‘B
Septic s
" source?
Lorape ™ ANAHYLAXIS
Vera cava

Plethorlc
vena cava

R partarn

Lung point —+ PNEUMOTHORAX

Free flaid

= QLEIDING

Adrtic
dissection

Thrombosis

b

PULMONAEY
EMBOLISN

LEFT
HEART
IMPAIRMIN'
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CVvP IVC Diameter % Collapse RAP

Low <21 cm >50% 3 mm Hg

Intermediate <2.1cm <50% 8 mm Hg
>2.1 cm >50% 8 mm Hg

High >2.1cm <50% 15 mm Hg
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LEGAL ASPECTS EDUCATION, TRAINING AND
* Claims causes include both COMPETENCY CERTIFICATION
failure to perform POCUS * Need for validated trairing programs and
when indicated and facilty development
diagnostic errors/misuse * Consider vcriable learning curves

* Preventicn: adequcte training, ® Lengitudinal learming and practice
image acquisition and storage

* Need for credenlidling, privileging cnd
quality assessment policies

MANAGING POCUS
INCIDENTAL FINDINGS NTI
* Describe dll findings ESSE ALS APPROPRIATE USE
accurately AT A GLANCE AND INDICATIONS

. Fnsura fl,lffhﬁf ava uantion 'NMI’\ - App') on'y to eyidsnce—suppoﬂed
ncications
* The right indicaticn in the

appropriate clinical context

appropriate

DIRECT PONTENTIAL HARMS
e The ALARA princiole

= Exposure time

ERRORS IN ACQUISITION AND
INTERPRETATION OF US IMAGES

* Thermal index (TI| LACK OF INTEGRATION IN THE * Non-medifiable fectors (patient
S ecionh oy nas L) CLINICAL CONTEXT telated)
* Adeguate probe disin‘ection , g firdings must ke integrated with * Moditiaole factors (clirician

expertise related)

is! I Rro. . : o
hislory, exam, and lesls [or prover e Technical equipment characteristics

patient management
» Consider pretest prooabil ty, diacnestic
accuracy, and risks of missed diagnasis
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Point-of-Care Ultrasound Use in Hemodynamic Assessment

POCUS Exam Hypovolemic Cardiogenic Obslructive Distribulive
Pulmoenary embolism (PE): dilated,
) T wes » ™ ol . . e T R
- o Dilated chambers or reduced stravined R\,.V?lth a l.)ﬂshaps .d f-cpmm Hy p.m:ﬂ)naml( LV |.n u_:rl_)
Heart Hyperdynamic left ventricle {LV) LV /RV function and positive McConell's sign. sepsis and hypodynamicin
! ! Tamponade: pericardial effusion with late sepsis
RA systolic and RV diastolic collapse
PE: small pleural eftusion or pulmonary Pneumoenia: consolidation
Lung A-Line pattern (normal lung) B-lincs and / or pleural effusion infarcts (subpleural consolidations) and / or tocal B-lincs,
Preumathorax: absent lung sliding plewral effusion
vC Small and collapsible Distendexd, non-collapsible Distended, non-collapsible Normal or collapsed
Abdominal exam may show
abdominal aortic aneurysm, An abdomen exam could show
aortic dissection, or , , peritoneal fluid.
Others intra-abdominal hemoerrhage, Abdpmen exacamay #ow Vascular exam may show DV Musculeskeletal ultrasound

Vascular exam may reveal doep peritoneal fluid

vein thrombuosis (DVT) or

collapsed vessels
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may detect a focal abscessas a
fluid collection
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