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Can transcranial dopple!
(TCD) screen for changes

cerebral blood flow in early

raumatic prain injury
(TBI)? Do these changes

predict neuroloqic
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Prospective observational
study of head trauma
yatients admitted to ICU.
TCD soon after admission.
Compared mild-moderate
TBI to severe TBI for the
ncidence of abnormal TCD
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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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https://www.acep.org/emultrasound/newsroom/feb2024/transcranial-doppler



Trans-temporal TCD
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Fig. 5 Method for acquisition of transcranial Doppler. a Left side shows location of the trans-temporal window and its various sections: frontal,
anterior, medial, and posterior. Right side illustrates Circle of Willis, with MCA highlighted. b Probe index mark orientation towards the patient’s
anterior/front. € Typical 2D image of TCD from trans-temporal window with index mark to screen left, with bright echogenic contralateral temporal
bone, and anechoic space of midline third ventricle. d Typical spectral Doppler velocity waveform from MCA, with steep systolic upstroke and step-
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Montrief, T., et'al. (2019). Intorpbratibn’ of Trahiscrantal'Doppler into the émsigdgency ‘department for the
neurocritical care patient. American Journal of Emergency Medicine 37(6): 1144-1152
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CT Non-decompressed brain DC

Mesencephalic plane
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Point-of-care transcranial Doppler
by intensivists
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Fig. 1 Transcranial imaging for midline shift. a Insonation from right temporal bone to third ventricle, representing distance A (7.41 cm). b Insona-
tion from left temporal bone to third ventricle, representing distance B (6.11 ¢cm). € Follow-up CT scan post TCD which reveals midline shift to be
7 mm




Midline shift = (distance A - distance B)/2; > 0.5 cm = poor outcome
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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






Increased ICP changes MCA flow
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ICP measurement

Normal PI<1.2 ~ICP 12 mmHg
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Fig. 3 Raised intra-cranial pressure by spectral Doppler on TCD, as calculated by pulsatility index. a Diffuse subarachnoid hemorrhage on CT head.
b Spectral Doppler of MCA, demonstrating diastolic blunting secondary to raised ICP (pulsatility index = 4.31, ICP = 46 mmHg). ¢ Following inter-
ventions to reduce ICP, there was normalization of diastolic flow in the MCA, and resolution of high ICP (pulsatility index = 1.65, ICP = 17 mmHg)

Pl>2.13~ICP>22 mmHg
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MCA  Vasospasm

Time Averaged Mean (TAM)

Normal < 80 cm/sec

Mild Vasospasm >120 cm/sec
Moderate Vasospasm > 160 cm/sec
Severe Vasospasm > 200 cm/sec
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Lindegaard Ratio

Hyperemia < 3

Mild Vasospasm > 3
Moderate Vasospasm > 4.5

Severe Vasospasm > 6

Lindegaard ratio: MCA mean velocity / ICA (extracranial) mean velocity
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Fig. 2 Transcranial Doppler for vasospasm following subarachnoid hemorrhage. a CT Head demonstrating diffuse subarachnoid hemorrhage. b
TCD measurement of left MCA flows, demonstrating a mean MCA velocity of 123 cm/s (in-keeping with mild vasospasm). € Measurement of ipsilat-
eral left ICA flows for calculation of Lindegaard ratio of 3.8 (Mean MCA/ICA velocity = 123/32.5 cm/s), which confirmed mild MCA vasospasm
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Progressive changes in the waveform morphology of the middle cerebral artery.

Decreased CPP

Circulatory arrest

Decreased CPP

>

(Modified from Hassler W, Steinmetz H, Pirschel J. Transcranial Doppler study of intracranial circulatory arrest. J Neurosurg 1989; 71(2):195 — 201).



Cerebral Circulatory Arrest

Increasing Pulse Pressure:] Circulatory CoIIapse]

100 » ' ' ' ' . .
L . . ' :

MCA Velocity

\

! E ; : ' Diastolic :
Increasing ICP Reversal
Decreasing CPP:I —’

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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Fig. 4 Step-wise progression of cerebral circulatory arrest. a CT Head demonstrating diffuse subarachnoid hemorrhage. b Evidence of raised IC
causing decreased diastolic flow as evidenced by blunting of the spectral Doppler signal. € Further progression with diastolic flow reversal as rai

ICP prevents forward flow in MCA, and even induces backwards flow. d Biphasic and oscillating flow as evidenced by net zero flow (where systo
and diastolic flow are near equal to each other), indicating the first TCD stage of cerebral circulatory 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 Increasgd MCA flow velocities, in a patient with Lindegaard ratio = 6,
suggesting cerebral vasospam
Brain death TCD flow pat.tern characteristic of severe intracranial hypertension leading
to cerebral circulatory arrest
Ceniral nervous Dilated ventrlc!es with presence of endo-ve'entrlc.ular b.acterle-al vegetations .
. : and the posterior horns of the lateral ventricles in patient with post-traumatic
system infections : -
meningoencephalitis.




TCD for general ICU & ED

Intracranial hypertension, haemorragic

Liver failure —
complications, flow pattern

Post-cardiac Intracranial hypertension, flow pattern
arrest syndrome evolution during and after CPR

Severe respiratory - Intracranial hypertension, bleeding
Failure-ECMO ' flow pattern

Intracranial hypertension, bleeding flow

Polytrauma pattern evolution, intracerebral bleeding

Flow pattern evolution during reperfusion,

Stroke intracerebral bleeding

Flow pattern changes predictive for septic
encephalopathy, cerebral oedema

Paediatric ' _ Intracranical bleeding, cerebral masses,
population ; , intracranial hypertension

Intracranical bleeding, hypertension,

Pregnanc : . o .
g y neurological complications related to eclampsia
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Cerebral Circulatory Arrest

Increasing Pulse Pressure— Circulatory Collapse

100+

MCA Velocity

‘Diastolic’

Increasing ICP __I Reversal '
Decreasing CPP

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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PoCUS in MULTIPLE TRAUMA

PoCUS in (

(Resuscitation guidance, Brain Ultrasound: ICP and Cerebral Blood Flow

ONSD: raised ICP scrmening
ntracranial hacmorrhage,
TCD: diagnosis of arterial stenosis Bra hydrocephalus

* Reduced CBF velocities MLS: midline shit detection
* Changing flow patterns and valocities
in controlateral arteries

TCD (flow natterm evolution)

Pl: pulsatility index

ECCP: Estimatad CPP formula

neak sysdlic velocity - end diastolic velocity

PI:

mean flow velocity

eCPP = (FVd/FVm)'mABP+14

TCD: during periprocedural thrombolysis with |
recombinant tissue plasminogen activator (1V-r ®
of symptom onset monitoring recanalization aft

thrombolysis and thrombectomy

cul ‘" vascular aceass @ @ cerract tubae Q'DS.Tlon'GmQrgenCy
crycothirctomy
»
Reperfusion > USVASC: us-quiced ® USVASC: US-guided
vascular access — vascular access @ @-
IV-riPA
Or thrombeciomy
® @
FoCUS: lamponade, savare
hypovolemia, myacardial cantusion
LUS: PTX/hemothorax diagnosis - pericard QC?SLT:’;S:;[S““’ nfusicn,
LUS: pix diagnosia chesl crajnage I P
= @
i LUS: post ca pulmenary LUS: PTX/hemotarax monitoring FoCUS: hemodynamic oplimizalion
v edemariatelactasis, post eor lung soaliless T =g (nersistont bypovolamia

B lung contusions/ate ectasis
contusions/pix’nemaothorax

pericardiocaentesis manitoring)

MONITORING OF COMPLICATIONS OF REF

Complications:
* Haemorrhagic infarction
* Brain swelling

BUS: diagnosis of
« Midline shift
» Intracerebral haemorrhage ABD US: Iree abdominal fluid
of IV-tPA treatment for isch
USVASC: e-cpr guidanze (ecmo ABD: liver’soleen hematomas MSK-US: Hits/sternal fractures -
e ”-““if.’f" fI"‘:’;‘i‘ﬁ";'!.':_‘:: ; < kidney rupture, pneumeperitoneum, long bones raclures- sofl lissues
Jlacement &pCsiion CnNeck) urit ary athetler hamatamas
>

—_—

BUS: BUS guided therapy

BUS is useful in evaluating efficacy of both me:
surgical treatment of intracerebral haemorrhag
intracranial hypertension

RESUSCITATION GUIDANCE O

PRIMARY SURVEY BN SECONDARY SURVEY



TCD POCUS: VASOSPASM

Probe: Phased Array (f < 2MHz)
Preset: TCD or Cardiac
lechnique:

L Trarscucer = Antenor 10 Ear

2. Indcator = Towards tyve n 1CD 7 Ocoput n Carcdac)
3. Color Doppler
4 Pulsed Wave Doopier

5. Spectral Analvas — Measure PSY & EDV

MCA MEAN FLOW VELOCITY [MCA B5Y)
NORMAL <80 CM/SEC
MILD »120 OW/SEL
MOOERATE | -1s0ows;t | MCAMFV=C0V« BPSV-i0) PSV
SEVERE +200 CM/SEC '. 126
S e . _ PSILATERAL MCA MFY
3 v 00 IPSILATERAL ICA MFV
36 MILD-MODERATE
SEVERE

https://www.acep.org/emultrasound/newsroom/feb2024/transcranial-doppler
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