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2 2 4h » point-of-care
ultrasonography (PoCUS)
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Immediate post-resuscitation
care

ERC-ESICM guideline :

+ Post-resuscitation care is
started immediately after
sustained ROSC,
regardless of location.?!
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Diagnosis of cause of cardiac

arrest

ERC-ESICM guideline :

« If there is clinical (e.g.,
hemodynamic instability) or
EKG evidence of
myocardial ischemia,
undertake coronary
angiography first. This is
followed by CT brain and/or
CT pulmonary angiography

if coronary angiography
fails to identify causative
lesions.?!

If there are signs or
symptoms pre-arrest
suggesting a neurological
or respiratory cause,
perform a CT brain and/or a
CT pulmonary angiogram.?!
Cardiac causes of
out-of-hospital cardiac
arrest (OHCA) have been
studied extensively in the
last few decades;
conversely, little is known
about non-cardiac causes.
Early identification of a
respiratory or neurological
cause would enable
transfer of the patient to a
specialized ICU for optimal
care.?
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Airway and breathing
Airway management after
return of spontaneous
circulation

ERC-ESICM guideline :

« Airway and ventilation

support should continue
after ROSC is achieved.!?
Patients who remain
comatose following ROSC,
or who have another clinical
indication for sedation and
mechanical ventilation,

should have their trachea
intubated if this has not
been done already during
CPR.1I

Tracheal intubation should
be performed only by
experienced operators who
have a high success rate.!?
Correct placement of the
tracheal tube must be
confirmed with waveform
capnography.®
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Control of ventilation
ERC-ESICM guideline :

Use a lung-protective
ventilation strategy aiming
for a tidal volume of 6-8
mL/kg ideal body weight.?!
Acute respiratory distress
syndrome (ARDS) is not
uncommon in cardiac arrest
patients and is associated
with worse outcomes.?!
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Circulation

Coronary reperfusion
ERC-ESICM guideline :

Emergent cardiac
catheterization laboratory
evaluation (and immediate
percutaneous coronary
intervention if required)
should be performed in
adult patients with ROSC
after cardiac arrest of
suspected cardiac origin
with ST-elevation on the
EKG.P

In patients with ROSC after
OHCA without ST-elevation
on the EKG, emergent
cardiac catheterization
laboratory evaluation
should be considered if
there is an estimated high
probability of acute
coronary occlusion (e.g.,
patients with hemodynamic
and/or electrical
instability).?!
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2-dimensional
echocardiography - pulsed
wave Doppler ~ continuous
wave Doppler -
trans-esophageal
echocardiography - tissue
Doppler imaging -
3-dimensional
echocardiography &5 ) »
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Hemodynamic monitoring
and management
ERC-ESICM guideline :

All patients should be
monitored with an ar-terial

line for continuous blood
pressure measurements,
and it is reasonable to
moni-tor cardiac output in
hemodynamically un-stable
patients.?

Perform early (as soon as
possible)
echocar-diography in all
patients to detect any
under-lying cardiac
pathology and quantify the
de-gree of myocardial
dysfunction.?!

Maintain perfusion with
fluids, noradrena-line
and/or dobutamine,
depending on indi-vidual
patient need for
intravascular volume,
vasoconstriction or
inotropy.[
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Organ donation

ERC-ESICM guideline :

- Organ donation should be
considered in those who
have achieved ROSC
and who fulfill
neurological criteria for
death.[2]

In comatose ventilated
patients who do not fulfil
neurological criteria for
death, if a de-cision to
start end-of-life care and
withdraw-al of life support
is made, organ donation
should be considered for
when circulatory arrest
occurs.[2]
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Cardiac and Heart LV dimensions and systolic function, RV systolic function
vessel US contractility
SLAX/PLAX/P | Cardiac Pericardial effusion, right chamber collapse
SAX/A4CH/SI | tamponade
VC/TEE/... Massive PE An engorged RV with a flattened LV
Hypovolemia Flattened RV and LV, flat IVC (diameter < 5 mm or collapsed)

Hemodynamic

Respiratory variation

Passive leg raising

(1) A aortic blood flow > 18%
(TEE)

(2) A peak aortic blood flow
velocity > 12% (TEE)

(3) A IVC diameter > 12%
(SIVC)

(1) A velocity time integral of

(2) A carotid blood flow > 20%

aortic blood flow or A stroke
volume index > 12.5%
(apical 5-chamber view,
PLAX)




(4) SVC collapsibility > 36% (3) Increased carotid corrected

(TEE) flow time > 7 ms
Aortic (1) Thoracic and abdominal aorta: outer wall to outer wall > 3 cm
aneurysm (Sliding from subxiphoid to the umbilicus)
(2) lliac arteries: outer wall to outer wall > 1.5 cm
Aortic Aortic root, aortic arch, thoracic and abdominal aorta (suprasternal
dissection and parasternal view, + sliding from subxiphoid to the umbilicus):
proximal aortic root dilation > 3.8 cm, aortic intimal flap
DVT Femoral & popliteal veins: incomplete compression of the veins
(Scanning down from the inguinal ligament and popliteal fossa)
LUS Pulmonary Lung sliding sign (+), B profile
Upper and edema
lower part of PE Lung sliding (+), A profile, DVT (+)
bilateral COPD or Lung sliding sign (+), A profile, DVT (-), PLAP (-)
anterior/lateral | asthma
Iposterolateral | Pneumonia (1) Lung sliding sign (+), A profile, DVT (-), PLAP (+)
chest wall (2) Any lung sliding, A/B or C profile
(3) Lung sliding sign (-), B’ profile
Pneumothorax | Lung sliding sign (-), Alines (+), B lines (-), lung point (+)
LUS score LUS score is measured in 6 regions per hemithorax (upper and
lower parts of anterior, lateral and posterior areas), sum of points is
between 0-36
(1) Normal aeration (score 0): lung sliding (+), Alinesor<2 B
lines
(2) Moderate loss of lung aeration (score 1): 2 3 B lines
(3) Severe loss of aeration (score 2): coalescent B lines
(4) Lung consolidation (score 3): tissue pattern
Airway US Difficult (1) Sublingual ultrasound: inability to visualize the hyoid bone
intubation (2) Submandibular ultrasound: hyomental distance ratio (neutral
prediction position/head extension)
(3) Anterior neck soft tissue at the thyrohyoid membrane level
(4) Distance from skin to epiglottis > 27.5 mm at the thyrohyoid
membrane level
Intubation US-A: anterior neck superior to | US-B
confirmation the suprasternal notch
Tracheal intubation: 1 air- One-lung intubation
mucosa interface with 1 Pneumothorax
comet-tail artifact
Esophageal intubation: 2 air
mucosa interfaces
Diaphragm Diaphragmatic | The distance between the highest and lowest point of the
us excursion diaphragm in the M-mode (Right mid-axillary line and left posterior
axillary line)
Diaphragm (end-inspiration thickness - end-expiration
thickening thickness)/end-expiration thickness (At the right mid-axillary line,
fraction between 8t"-10™ rib spaces)
Abdominal US | Pathologic fluid | (1) RUQ: hepatorenal recess, diaphragm and right inferior

hemithorax (posterior to the mid-axillary line between the
8t-11t rib spaces)

(2) LUQ: splenorenal recess, diaphragm and left inferior
hemithorax (along the posterior axillary line between the 6t-9t
rib spaces)

(3) Suprapubic: rectovesical space in men and pouch of Douglas
and vesico-uterine pouches in women (Immediately cephalad




to the pubic symphysis)
(4)

Brain and
optic nerve
us
Transtempora
I/transorbital/tr
ansoccipital/

ICH

Homogenous hyperechoic mass lesion (+)

Ischemic stroke

Homogenous mass lesion (-), vessel occlusion (+)

Microemboli signals (MES): duration 300 ms, amplitude 3 dB
higher than the background blood flow signal, typically
unidirectional and occur randomly within the cardiac cycle.
*Injection of gaseous contrast and detection of MES under TCD
indicates patent foramen ovale (right-to-left shunt)

Midline shift Difference of distance between the 3™ ventricle to bilateral
temporal bone divided by 2
Hydrocephalus | Width of the third or lateral ventricle

nICP evaluation

TCD: based-on PI, nCPP, or mathematical models
ONSD

Vasospasm LR = FVm of MCA/FVm of ICA

(1) LR < 3: hyperdynamic flow

(2) LR 3-6, FVm of MCA 120-149 cm/s: mild vasospasm

(3) LR 3-6, FVm of MCA 150-199 cm/s: moderate vasospasm

(4) LR > 6, FVm of MCA > 200 cm/s: severe vasospasm
Brain death Cerebral blood flow pattern changes as described below, should
(cerebral be observed in bilateral intracranial anterior & posterior circulation,
circulatory and confirmed in extracranial arteries (ICA or vertebral artery)
arrest) (1) Decreased FVd: FVd = 0 as ICP = diastolic BP

(2) Oscillating flow: as ICP = systolic BP
(3) Systolic spikes
(4) No flow signals

%=
Stage Ultrasound findings
Immediate US-CAB US-C Heart contractility
post-resuscitation Cause of cardiac arrest: cardiac tamponade,
care massive PE, hypovolemia
US-A Tracheal intubation: 1 air-mucosa interface
with 1 comet-tail artifact
Esophageal intubation: 2 air mucosa
interfaces
US-B One-lung intubation
Pneumothorax
Diagnosis of cause | C.A.U.S.E Cardiac tamponade, massive PE, hypovolemia
of cardiac arrest For non- Pneumothorax

arrhythmogenic
cardiac arrest

for trauma or
non-traumatic
exsanguination

FoCUS Heart contractility, pericardial effusion/cardiac tamponade,

for cardiac hypovolemia

causes Gross signs of chronic heart disease or valvular
abnormalities, large intracardiac masses

BLUE Pulmonary edema, PE, COPD or asthma, pneumonia,

For respiratory pneumothorax

failure

Airway

ultrasound

eFAST Pathologic fluid (RUQ, LUQ, pericardium, suprapubic)

Pneumothorax




RUSH The pump | Pericardial effusion, heart contractility,

for shock massive PE
patients The tank | IVC size and respiratory dynamics
eFAST

Pulmonary edema

The pipes | Abdominal and thoracic aortic aneurysm
Aortic dissection (aortic root, aortic arch,
thoracic and abdominal aorta)

DVT (Femoral and popliteal veins)

BUS nICP
May be added Brain anatomy assessment: e.g., midline shift, ICH, acute
into eFAST for ischemic stroke
multisystem
trauma
Airway and US-A/B Intubation confirmation
breathing Airway US Difficult intubation prediction
LUS score Monitoring aeration, ventilator-associated complication, ...

Prediction of oxygenation improvement in PP: bilateral
anterobasal normal aeration

Prediction of postextubation distress: LUS score = 17 at the
end of the spontaneous breathing trial

Diaphragm US Weaning outcome prediction: diaphragmatic excursion,
diaphragm thickening fraction

Circulation FoCUS For assessment of the need for PCI in patients without
ST-elevation
Hemodynamic Respiratory variation: aortic blood flow, IVC diameter, SVC
techniques collapsibility
Passive leg raising: aortic blood flow, carotid blood flow
General intensive BUS for (1) SAH: evaluation of vasospasm
care neurocritical (2) Ischemic stroke: diagnosis, recanalization, detection of
care monitoring microemboli (higher risk of recurrence)
(3) ICH: midline shift, hematoma expansion
Prognostication and | BUS (1) Brain death diagnosis
organ donation (2) nICP monitoring
LUS score Lung sliding, A or B profile, consolidation, pleural fluid

lung sliding ~ A or B profile ~ consolidation - or pleural fluid

A4CH: apical four-chamber, BP: blood pressure, BUS: brain ultrasonography, CSF: cerebrospinal fluid,
DVT: deep vein thrombosis, FVd: diastolic flow velocity, FV¥m: mean flow velocity, ICA: internal carotid
artery, ICH: intracerebral hemorrhage, ICP: intracranial pressure (nICP: noninvasive ICP measurement),
IVC: inferior vena cava, LR: Lindegaard ratio, LUS: lung ultrasound, LV: left ventricle, MCA: middle
cerebral artery, ONSD: optic nerve sheath diameter, PE: pulmonary embolism, PLAP: posterolateral
alveolar and/or pleural syndrome, PLAX: parasternal long axis, PP: prone position, PSAX: parasternal
short axis, RV: right ventricle, SIVC: subcostal inferior vena cava, SAH: subarachnoid hemorrhage, SLAX:
subcostal/subxiphoid long axis, SVC: superior vena cava
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