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Continuous Cerebral 
Autoregulation Monitoring 
Using TCD

Lucia Rivera-Lara and Frederick A. Zeiler

�Background

Monitoring cerebral blood flow velocity via transcranial doppler 
(TCD) can also be applied to measure the brain’s vasculature 
reactivity. Cerebral autoregulation (CA) is the ability of the 
brain’s blood vessels to constrict or dilate to adapt to variations in 
mean arterial blood pressure (MAP) to maintain a stable cerebral 
perfusion pressure.
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TCD is widely used to monitor cerebral blood flow velocity 
and cerebral autoregulation, assuming that the monitored vessel 
diameter does not change (steady state) during the monitoring 
period. If this assumption holds true, we can apply the volumetric 
flow rate definition where cerebral blood flow equals cerebral 
blood flow velocity. TCD is able to insonate the largest intracra-
nial arteries and the circle of Willis. The most common monitored 
artery in CA is the middle cerebral artery.

Continuous monitoring of CA with TCD has more advantages 
over static measurements as it does not require any intervention to 
change the MAP. It relies on spontaneous variations of slow waves 
to measure CA. Healthy adults exhibit slow wave oscillations of 
cerebral blood volume, cerebral blood flow and tissue oxygen-
ation in the frequency of 0.004–0.05 Hz; these slow waves occur 
in the setting of normal physiologic functions such as breathing 
and variations in neuronal and cerebrovascular tone [1]. These 
slow waves are recorded with TCD.

Monitoring cerebral autoregulation with TCD can be helpful in 
prognostication for unfavorable clinical outcomes and mortality 
[2] in patients who suffer aneurysmal subarachnoid hemorrhage 
(aSAH) [3], traumatic brain injury (TBI) [4, 5], large artery vessel 
occlusion [6], intracerebral hemorrhage (ICH) [7], and patients 
undergoing cardiac bypass [8].

Cerebral autoregulation can also be applied to optimizing blood 
pressure management by delineating the cerebral autoregulatory 
curve and optimal MAP. By delineating the lower and upper limit 
of CA we can target the MAP or cerebral perfusion pressure to 
prevent hypoperfusion leading to cerebral ischemia and hyperper-
fusion leading to cerebral edema and worsening intracranial hyper-
tension. This can facilitate precision medicine by individualizing 
blood pressure goals with the hope of preventing secondary injury, 
decreasing mortality and disability [9–11]. In a nested randomized 
controlled trial, patients undergoing cardiac bypass were moni-
tored with TCD to determine the lower limit of CA. The group that 
was assigned to keep a MAP above the lower limit of CA deter-
mined by TCD during cardiac bypass had a lower incidence of 
postoperative delirium [12]. Individualized blood pressure man-
agement during cardiac bypass has also been shown to lead to 
improved cognitive function and better memory testing in a ran-
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domized clinical trial [13]. The objective of these trials is to target 
personalized blood pressure goals to prevent mainly hypoperfu-
sion leading to increased risk for kidney disease, cognitive impair-
ment and stroke [8, 11, 14, 15].

�Step by Step Using Analog Hemodynamic 
Monitors (Fig. 1)

a

c
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d

Fig. 1  Example of robotic transcranial Doppler (rTCD) bedside setup for 
multimodal monitoring. (Panel a) High level analog output (HLO) ports used 
to stream data from patient monitor to analog-to-digital convertor (ADC). 
(Panel b) Multimodal monitoring of a traumatic brain injury patient including 
rTCD probe and headband. (Panel c) Typical rTCD tracing of right middle 
cerebral artery (MCA). (Panel d) Laptop compiling and recording time-
locked multimodal data streams. (*Figure is a color adaptation from Zeiler 
et al. Acta Neurochir (Wien). 2018; 160 (11): 2149–57 (with permission from 
corresponding author))
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Equipment
•	 Analog hemodynamic monitor
•	 ADC converter (converts analog to digital signals)
•	 TCD machine with headset
•	 Laptop
•	 Autoregulation software
•	 Cables connecting hemodynamic monitor to ADC converter

Requirements
•	 Arterial catheter for continuous MAP monitoring

Steps
	1.	 Connect the ADC converter to the hemodynamic monitor
	2.	 Connect the ADC converter to laptop through USB cord
	3.	 Connect TCD machine to laptop through USB cord
	4.	 Turn on TCD monitor and find the bilateral MCA’s signals on 

the monitored patient using the head-set
	5.	 Turn on laptop
	6.	 Open autoregulation software (software that runs automatic 

correlations between MAP and cerebral blood flow velocity)
	 (a)	 Enter patient identifiers
	 (b)	 Select autoregulation profile
	 (c)	 Test connections, make sure the analog signals from 

hemodynamic monitor are connected to the correct chan-
nels on the ADC converter

	 (d)	 Click start to begin recording
	7.	 When finished, click “stop”, and then click “save” before exit-

ing the program.
	8.	 Open the file and start analyzing the file. See Fig. 2 showing a 

monitoring period with the index of CA derived from the cor-
relation between cerebral blood flow velocity and MAP, Mx 
(mean velocity index). When the index approaches 0 and is 
<0.45 this indicates intact autoregulation, when the index 
approaches 1 and is ≥0.45 there is impaired autoregulation.
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Fig. 2  Example of 30 minute recording of continuous monitoring of cerebral 
autoregulation monitoring with TCD. 51-year old with high grade aneurys-
mal subarachnoid hemorrhage who underwent CA monitoring with TCD 
upon admission to the neurocritical care unit. In the top panel ABP (mean 
arterial blood pressure) and left (L) and right (R) middle cerebral artery 
velocities (MCAvel) are displayed. In the two bottom panels, the CA index 
derived from TCD, Mx (mean velocity index) is displayed. Mx is <0.45 dur-
ing the monitoring period indicating intact cerebral autoregulation

�Step by Step with Digital Hemodynamic 
Monitors

Equipment
•	 Digital hemodynamic monitor
•	 TCD machine with headset
•	 Laptop
•	 Autoregulation software
•	 Cables connecting hemodynamic monitor and TCD monitor to 

laptop

Requirements
•	 Arterial catheter for continuous MAP monitoring

Steps
	1.	 Turn on TCD monitor and find the bilateral MCA signals on 

the monitored patient using the headset
	2.	 Connect TCD monitor to laptop via USB port
	3.	 Connect hemodynamic monitor to laptop via USB port
	4.	 Turn on laptop
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	5.	 Open autoregulation software (software that runs automatic 
correlations between MAP and cerebral blood flow velocity)

	 (a)	 Enter patient identifiers
	 (b)	 Select monitoring profile
	 (c)	 Test connections
	 (d)	 Click “start” to begin recording
	6.	 When finished, click “stop”, and then click “save” before exit-

ing the program
	7.	 Open file to start analyzing

�Limitations

The assumption that the vessel caliber does not change during the 
monitoring period is a big limitation. If an instantaneous change 
occurs with a narrowing or dilation of the blood vessel, there will 
be a significant change in velocity which may not be proportional 
to the change in flow. Secondly, continuous monitoring with 
2-MHz ultrasonic waves through the temporal bone (energy used 
for diagnostic ultrasonography) is known to be sufficient to 
enhance thrombolysis [16], so caution should be taken when 
monitoring patients with or at risk of intracranial bleeding. Lastly, 
movement artifact is always problematic especially in patients 
who are not sedated.
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