




MRA



• 2 MHz Pulsed Wave 

Transducer

• Four “bone windows”

• <35% of  energy 

penetrates the skull

• ~10-20% of  the 

population does not have 

adequate temporal 

windows





Machine power MUST be reduced to 10% of  its total possible output



Machine power MUST be reduced to 10% of  its total possible output

Assumed angle of  incidence of  0-30°



• V = velocity of  red blood cell

• C = ultrasound propagation speed in blood 
(approximately 1570 m/sec)

• Df = Doppler shift frequency (the received 
frequency)

• f0 = transmitted ultrasound beam frequency 

• θ = angle between the ultrasound beam and 
the direction of  red blood cell flow

• Frequency shift is proportional to both the velocity of the moving 

blood cells and the angle of incidence. 



Saqqur M, Zygun D, Demchuk A. Role of transcranial Doppler in neurocritical 

care. Crit Care Med. 2007 May



High velocity measurements always 

warrant further investigation

Calculated velocity is always ≤ true velocity



Garami Z. 2017. Transcranial Doppler [PowerPoint Slides]. 



Picture from: Moehring M, Spencer M. Power M-mode Doppler (PMD) for observing cerebral blood flow and tracking emboli. Ultrasound in Medicine and Biology 

2002. 28(1):49-57.
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Proximal evidence of  increased resistance distally Focal increases in flow velocity within a stenotic 

segment

Stenotic and Post-stenotic turbulence Blunted/tardus parvus post-stenotic slowing



Image from https://slideplayer.com/slide/4898934/ University of Oklahoma Ryan Hakimi 2015 Introduction to Carotid and Transcranial Doppler Ultrasound



• High velocity, low pulsatility, 

low resistance

• PI < 0.5

Bartels, E. (2005), Evaluation of  Arteriovenous Malformations (AVMs) With Transcranial Color‐Coded Duplex Sonography.



Sawicki M., Wojczal J., Birkenfeld B., Cyrylowski L. (2014) Brain Death Imaging. In: Saba L., Raz E. (eds) Neurovascular Imaging. 
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The National Heart, Lung, and Blood Institute (NHLBI)

Other abnormal findings include: 

• low FV in MCA (<70cm/s) 

• MCA ratio <0.5 

• ipsilateral ACA/MCA ratio >1.2

• dampened waveform, turbulence, and 

musical harmonic murmurs

• SAH is usually from spontaneous aneurysm burst and subsequent bleeding into the 

subarachnoid space around the Circle of  Willis  

• 2/3 of  aneurysmal SAH develop vasospasm, usually occurring between     

days 4-10 after bleed

• Daily vasospasm checks of  patients post SAH are most common test conducted in 

most hospital TCD labs





LR = highest MFV in MCA/ highest MFV in EICA

LR < 3.0 indicates NO vasospasm

LR > 3.0 – 6.0 indicates mild vasospasm

LR > 6.0 indicates severe vasospasm

• Increases in Mean Flow Velocity,  evidence of  turbulence, Lindegaard Ratio





On PBD 5 CTA confirmed spasm and his neuro exam worsened. 



Angio on PBD 7 also confirmed spasm and he was treated with direct IA 

spasmolysis – verapamil infusion



Post-bleed day 9 – scaled maxed out

Day 11Day 1
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Breath-holding is another common method

CO2 reactivity (CO2R): the percent 
change in mean flow velocity per mmHg 
change in end-tidal pCO2

Vasomotor Range (VMR): the total 
percent range of  the velocity change 
relative to baseline






