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Beam

Higher Doppler frequency obtained if:

1. Velocity is increased

2. Beam is aligned parallel to
flow direction

3. Higher frequency is used
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Acute stroke prior to tPA
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44F, persistent dizziness
(L hand weak & neck pain 1d)
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Can trznscranial dopp
(1CD) screen for changes in
cerebral blocc flow in early
{rzumatic rain injury
(TBI? Do these changes
predict neurologic

OU COHTES .

Prospective observational
study of head tral

natients adm tted to 1C1)
TCD soon after admission.
Campared mild-moderate
TBlto severe TRl tor the
nadence of zonormal TCC
lincdings. 727" outcome of
finding factors asscciated

with pao fcn mes




Montrief, T., et al. (2019). Incorporation of TranscraQ?ial Doppler into the emergency department for the
neurocritical care patient. American Journal of Emergency Medicine 37(6): 1144-1152



Summary of vessel identification criteria
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Step 1:

Midbrain identification

Step 2:

Color Doppler of vessels
identificatian

Step 3:

spectral Doppler
waveforms can be obtained
through pulse Doppler
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Montrief, T., et al. (2019). Incorporation of Transcranial Doppler into the emergency department for the

neurocritical care patient. American Journal of Emergency Medicine 37(6): 1144-1152
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ACA

Basilar artery

MCA/ACA
bifurcation

Vertehral artery

PCA




CT Non-decompressed brain DC

Ventricular plane

Mesencephalic plane



Peak Systolic
Yelocity

(PSV in cm/s)

End Diostolic
Velocity

(EDV in cm/s)

Mean Flow
Yelocity (MFV
in cm/s)

Pulsatility
index (P1)

Resistance
Index |RI)

Lindegaard
Ratio (LR)

Initial peak on TCD
waveferm during
each card ac cycle

Should be betweon
20% cnd 50% of
PSV value

MEV = EDV + 33

PSV - EDV)

Rl - [PSV-EDV)/F3V

LK = ipsilateral MCA
MV psilcteral

Rapid upstroke indicates lack of severe
stenctic or occlusive lasion béetween onserved
cerebra, artery and neant

Indicotes low res! stnnes Intracraninl arrorlal
flow, a normal fincing

MCA should have highest M-V in alcerebral
crteries observed

Used to measura resistonce to inro-arterial
flow. Value >1.2 resrasents high resistcnce to
flow

Ancther measurement of low resistance, this
time distol ta the oren insorated. Narmal
<0.75

Ratic used tc datect cerebral vasospasm,

Ratics of 3-8 ndicate milc to moderate

vosospasm. >8 = severe vasespasm?!



Indication

Rule-In
Vasospasm

Midline
shift

MCA
occlusion

Pediatrics

Technique

Mcasure MFV (+200 cm/s Is severe;
=80cm/s Is normal)y*?

- Measure distance from temporal bone to
third ventricle on ipsilateral and
contra ateral side and divide by 2.

- [T difference is posilive, MLS is tlowards
the psilateral side.

- | difference is negative, MLS is towards
the contralezerol side.

- measure signal coming fram MCA using
doppler ultrasoune. Similar 1o OVT ar
arterial occlusions, decreased or absent
signal could indicate occlusion.

= multiple techniques depending on
spacific indication

Clinical Application

Serlal measurements to monitor for post
SAH vasospasm

- screen for post-S54H vasnspasm

- serial monitorng in patieats with
subdural or other farm of enranic
intracranial bleed

- relable measuremert of worsanirg
reurolegic status and usetul when 27 e
rot immedintely evailable [patient
L.nstable, repais,CT inuse rural or
internctional medicine).

- primarily useful for rapid identitication of
MCA occlusion when CT is unovailable.

- potenticl use for vltrascund enhanced
thrombectamy to improve recanalizot an

- evaluation of skull fracture, fetal cnemia,
introcranial and intraventricular
Femorrhage, and iIschemic strcke



Lau and Arntheld Cnt Ultrasouna 1 (207 7) 9:21
DO TOT184/513039-017-0077-9

@ Critical Ultrasound Journal

REVIEW Open Access

Point-of-care transcranial Doppler B
by intensivists

Vincent Issac Lau"< and Robert Thomas Arntfeld '~

Fig. 1 lranscranial imaging for micline shift. a Insonztion from right temperal bone to third venrtricle, representing cistance A (7.41 cm). b Insona-
tion from 'eft temporal bone to third ventricle, reprasenting distance 2 (6.7 1 cm). ¢ Foliew-un C1 scan post [C0 which reveaals midl ne snift to be
72 mm




Midline shift = (distance A - distance B)/2; > 0.5 cm = poor outcome
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Montrief, T., et al. (2019). Incorporation of Transcrafgial Doppler into the emergency department for the
neurocritical care patient. American Journal of Emergency Medicine 37(6): 1144-1152







ICP measurement




Fig. 3 Raised intre-cranial pressure by spectral L

ectral Deppler of MCA, demanstrating diastolic Blunting secondary o raised IC2 (pulsatility index = 4.31, ICP = 46 mmHg). € Fellowing inter-

b Sp

ICP measurement

Normal PI<1.2 ~ICP 12 mmHg

Rgm
Tawgaenl

SonoSite ' - N e SonoSite s

Filga'S! Trarazrarnl mea

P11 Tavaasy
Y MEs G 12 o tarmy

N OL TC1

-

Jopperon TCD, a5 calculated by pulsatilty index. a Diffuse subarachneid hemorrhage on CT head.

ventions to reduce ICP, there was normalization of giastolic flow in the MCA, and resolution of high ICP (pulsatilicy index = 165, ICP = 17 mmHg)

Pl>2.13 ~ICP>22 mmHg

64



Time Averaged Mean (TAM)

Normal < 80 cm/sec
Mild Vasospasm >120 cm/sec
Moderate Vasospasm > 160 cm/sec

Severe Vasospasm > 200 cm/sec

“Hi4- CORE
ULTRASQUND

65



Lindegaard Ratio

Hyperemia <3

Mild Vasospasm >3
Moderate Vasospasm > 4.5

Severe Vasospasm > 6

wor o € 2gaard Ratio: MCA mean velocity / ICA (extracranial) mean velocity
HETmASE e PMID:2683600

66



Vasospasm

()
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SomoSite P NG L S SonaSite

T, ¥
L3108 A

P2Lp =1 Tmscaavel e b
M a5 TIC 1) i M 04 N5 A3

chnoid hemarrhage. a CT Head demonstrating diffuse s

2.5 cm:
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Progressive changes in the waveform morphology of the middle cerebral artery.

Decreased CPP

Circulatory arrest

Decreased CPP

>

(Mcdif ed ‘rom Hegsler W, Stainmelz H, Pirschel J Tranecranial Coppler study of intracraniel circulatory arrest. J Neurcsury 1989; 71(2):136 — 201).




Cerebral Circulatory Arrest

Increasing Pulse Pressure — Circulatory Collapse~

100+

-
§
S
T
J
=

- ; , E E § A A 5

: : : : i : : f b :

: : : : : . : ‘ *Diastolic’ '

Increasing ICP j Reversal '
Decreasing CPP

Adapted from: Hassler W, Steinmetz H, Pischel J. Transcranial Doppler study of

intracranial circulatory arrest. J Neurosurg 19€9; 71(2):195-201.
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ColorTHI
1516Hz
PW
8208Hz
& 0"

= bmm

oCne
Cerebral Circulatory Arrest

Increasing Pulse Pressure — Circulatory Collapse

ColarTHI
16162
PW
S5200Hz2
20

- 5mm

5]
S

MCA Velocity

Increasing ICP =
Decreasing CPPT

Pischel J Transcranial Doppler study of
urg 1969, 71(2)195-201

-5 .}
e

"
B Arwgy
ecrn

> 480cm

Fig. 4 Step-wise progression of czrebral circulatory arrest. a C7 Heas demonstrating diffuse subarachnoid hemorrnzge. b Zvidence of raised IC
causing decreased diastolic flow as evidenced by blunting of th ral Doppler signal. € Further orogressicn with digstclic Fow reversal as ral
ICF prevents onward flow in MOA, and even incuces backwards flow. d Biphasic and oscillating flow as evidenced by net zero flow (where systo

and diastolic flow are near equiel to cach other), indicating the first TCD stege of cerebral crculatory arrest




TCD for neurocritical care

Hydrocephalus Marked dilated third (white line) and lateral ventricles (green lines)
Subdural Subdural temporal hyperechoic collection (white arrow) in patient
haemorrhage with TBI and neurological deterioration
Intracranial Right-sided intracranial hyperechoic area consistent with haemorrhage
haemorrhage (white arrow) in patient with decompressive craniectomy
- ) Diencephalic plane showing the typical appearance of the third ventricle;
Midline shift midline shift can be estimated by measuring the distances between
homolateral and contralateral temporal bone with third ventricle [(a-b)2]
Vasospasm Increasqd MCA flow velocities. in a patient with Lindegaard ratio = 6,
suggesting cerebral vasospam
Brain death TCD flow pat'tcrn characteristic of severe intracranial hypertension leading
to cerebral circulatory arrest
Central nervous Dilated ventnc!es with presence of endo-v?ntncylar b-acterlgl vegetations .
system infections . and the posterior horns of the lateral ventricles in patient with post-traumatic
-~ meningoencephalitis.




TCD for general ICU & ED

Intracranial hypertension, haemorragic
complications, flow pattern

Liver failure

Post-cardiac
arrest syndrome

Intracranial hypertension, flow pattemn
evolution during and after CPR

Severe respiratory
Failure-ECMO

Intracranial hypertension, bleeding
flow pattern

Intracranial hypertension, bleeding flow
pattern evolution, intracerebral bleeding

Polytrauma

Flow pattern evolution during reperfusion,
intracerebral bleeding

Flow pattern changes predictive for septic
encephalopathy, cerebral cedema

Sepsis

Paediatric
population

Intracranical bleeding, cerebral masses,
intracranial hypertension

Intracranical bleeding, hypertension,
neurological complications related to eclampsia

Pregnancy
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Cerebral Circulatory Arrest

Increasing Pulse Pressure— Circulatory Collapse

MCA Velocity

i psv

: : : : : Diastolic’
Increasing ICP = Reversal ’
Decreasing CPP-d

Adapted from: Hassler W, Steinmetz H, Pischel J. Transcranial Doppler study of
intracranial circulatory arrest. J Neurosurg 1989; 71(2):195-201.
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BUS in STROKE
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MONKITORING OF COMPLICATIONS CF REPERFUSION
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PoCUS in CARDIAC ARREST
(Resuscltation guldance, Fost-Amrest Syndrome management)

Brain Ultrascund
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PoCUS in MULTIPLE TRAUMA

Brain Ultrasound: ICP and Cerebral Blood Flow
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