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Abstract:  

Introduction: A Transcranial Doppler (TCD) is an inexpensive noninvasive ultrasonography 
technique that helps provide a rapid real time measure of blood flow from the basal 
intracerebral vessels, which may be used for the diagnosis and follow-up of cerebrovascular 
disease. By placing the ultrasound probe on the scalp; it utilizes low frequency soundwaves to 
record cerebral blood flow velocity, and its change in multiple conditions. Technology offers 
several diagnostic tests available in the evaluation and treatment of cerebrovascular diseases 
(CVD). Transcranial ultrasonography may represent a valuable tool for patients with CVD in 
neurocritical care unit. However due to geographic, financial or patient tolerance of procedures, 
physicians may be limited to the tools they can utilize. 

Method: Diagnostic accuracy of transcranial ultrasonography in acute stroke was subjected to 
systematic review. This study will set to demonstrate that the Transcranial Doppler (TCD) 
ultrasound is a viable piece of technology, which overcomes barriers mentioned in both the 
diagnosis and treatment of CVD.  Cerebral flow peak systolic velocity (CBFVs), mean flow 
velocity (CBFVm), and the end diastolic velocity CBFVd) values are three components, which 
characterize the spectral waveform derived from TCD. These flow velocities provide valuable 
physiologic perspectives in various intracranial pathologies.  We have demonstrated TCD to be 
highly predictive of evidence of vasospasm in patients with an aneurysmal subarachnoid 
hemorrhage with a 95% confidence interval. In patients with traumatic brain injury, TCD has 
been shown to be effective with a 95% confidence interval in the assessment of intracranial 
pressure and cerebral flow velocity.  For strokes, TCD was shown to be effective with an overall 
sensitivity of 83% for the diagnosis, prognosis and treatment of ischemic strokes.  

Results: Due to its portability, affordability, and noninvasive application along with the high 
confidence intervals seen in our study, our data suggests the successful application of TCD in 
various pathologies in both diagnosis and monitoring of patients with various CVD.  

Key words: Neurocritical care unit, brain stem death, acute stroke, mean cerebral brain flow, 

paradoxical embolism, subarachnoid hemorrhage, transcranial doppler ultrasonography, 
traumatic brain injury, vasospasm, Neuroimaging. 

Introduction 

Common neurologic symptoms 
observed inacute cerebral ischemia usually 
manifests in the form of weakness affecting 
one side of the body, speech impairment, 
visual disturbances, unconsciousness and 
coordination problems. The majority of 
patients with a history of anacute ischemic 
stroke, hadan arterial thrombi that occlude 

extra- or intracranial vessels. Intravenously 
administered issue plasminogen activator 
(TPA) induces thrombolysis and remains 
the only the rapyand drug administration 
for ischemic strokes within a window of 
three hours from the onset of symptoms. 
Dramatic clinical recoveries can be seen 
after rapid dissolution of the thrombi. 
Several diagnostic tests are available in 
aiding the physicians in the evaluation of an 
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ischemic stroke. A non-contrast CT of the 
brain is currently the standard imaging test 
used in an acute stroke to differentiate 
ahemorrhagic stroke from that of an 
ischemic events. Patients with neurological 
deficits may have TPA administered if a CT 
scan reveals no intracerebral hemorrhage. 
A non-contrast CT scan of the brain, can 
also provide information regarding the 
extent and severity of ischemic injury, by 
visualization of early ischemic changes that 
can be present soon after the onset of 
symptoms. A CT scan may also show a 
“hyper-dense” artery, a sign that provides 
insight as to the location of an occlusion and 
its clot burden. An intravenous injection of a 
contrast bolus can then be administered to 
obtain a CTangiography (CTA) of extra- and 
intracranial vessels. This test can be 
performed rapidly and yields accuracy 
similar to that of invasive digital subtraction 
angiography. A Transcranial Doppler (TCD) 
ultrasound offers the most convenient way 
to assess vasculature at bedside and to 
monitorrecanalization in real time. After an 
occlusion is documented with a CTA, an 
ultrasound can be utilized to monitor 
recanalization during thrombolytic therapy 
and to assist select patients for further 
interventions. An ultrasound may also be 
used without aCTA as a screening tool for 
the rapid identification of anocclusion. This 
information is also useful indetermining the 
stroke pathogenic mechanism and in 
selecting the most appropriate subsequent 
measures in patient management. In an 
acute ischemic stroke, an ultrasound can be 
used as an adjunctive therapy for clot 
dissolution. Introduced inclinical practice in 
in 1982, Transcranial Doppler (TCD) 
ultrasonography is anoninvasive 
ultrasound, which has since been 

extensively applied in both outpatient and 
inpatient settings (White &Venkatesh, 
2006). TCD ultrasonography involves the 
use of a low frequency (≤2 MHz) transducer 
which is placed on the scalp, to insonate 
thebasal cerebral arteries through relatively 
thin bone windows to measure the cerebral 
blood flow velocity (CBFV) and its 
alteration in different cerebrovascular 
diseases(CVDs) and traumatic brain 
injuries. Beingin expensive, repeatable, and 
portable allows for continuous use in 
bedside monitoring of CBFV, which is 
particularly useful in the intensive care 
setting.TCD utilization have gained an 
important role in the very early phase of 
critical cerebral pathologies, in addition to 
followup visits of patients with chronic 
CVDs. It is also useful amongst both adults 
and children in diagnosing and monitoring 
vasospasmaftershock after a subarachnoid 
hemorrhage of different etiologies (aneury 
smrupture and traumatic brain injury), and 
cerebralhemodynamic changes after a 
stroke including a cryptogenicstroke. 

Significance 

A Transcranial Doppler is a 
noninvasive ultrasound tool tha tinvolves 
the use of a low-frequency transducer 
probe to insonate the basal cerebral 
arteries through relatively thin bone 
windows. It allows dynamic monitoring of 
cerebral blood flow velocity with 
exceptional temporal and spatial resolution. 
It is relatively inexpensive, rapid, and 
repeatable. Given its small footprint and 
low weight, allows this portable technology 
to be utilized continuously in the bedside 
monitoring of cerebrovascular dynamics, 
which isparticularly useful in the 
neurointensive care setting. 

Table1. Summary of Basic and Advanced Signals Derived fromTranscranial Doppler 

Basic methods Pulsatily Index,   

Flow Velocities 

Advanced methods Autoregulation 

Critical Closing Pressure (CrCp) 

Wall Tension (WT) 

Compliance (Ca, Ci) 

Cerebrovascular time constant (Tau) 

Non invasive cerebral perfusion pressure (nCPP) 

Non invasive intracranial pressure (nICP) 

Cerebrovascular reactivity 
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Basic Methods 

TCD is called as the doctor’s 
stethoscope of the brain. Introduced by Rune 
Aaslid in 1982 for detecting blood flow in the 
basal intracerebral arteries. Mark Moehring in 
2002 invented the transcranial power-motion 
mode Doppler (PMD). Initially introduced for 
detecting the vasospasm following 
subarachnoid hemorrhage.  

Flow velocities 

Transcranial Doppler (TCD) is a 
noninvasive ultrasound it involves use of 
low frequency (≤2 MHz) US waves to 
insonate the basal cerebral arteries through 
relatively thin bone windows. The spectral 
waveform derived from TCD is 
characterized by three components: 
cerebral flow peak systolic velocity (CBFVs), 
mean flow velocity (CBFVm), and end 
diastolic velocity CBFVd) values (Figure 2; 
measured in cm/sec). Rather than depicting 
cerebral hemodynamics, FV systolic is 

predominantly dependent on the cardiac 
output (i.e., systemic haemodynamics). 
Utilizing diastolic flow velocity as a relevant 
parameter is currently thriving in clinical 
practice, especially in the intensive care. 
Authors have reported a reduction of CPP 
by rising ICP or decreasing systemic blood 
pressure in TBI (Trabold, Meyer, Blanot, 
Carli, & Orliaguet, 2004; Bouzat et al., 2016; 
O’Brien, Maa, & Reuter-Rice, 2015; Ziegler, 
Cravens, Poche, Gandhi, & Tellez, 2016). 
TCD cerebral blood FVs are commonly 
measured values in clinical practice and 
experimental models. Simultaneous 
monitoring of these variables along with 
intracranial pressure (ICP) and arterial 
blood pressure (ABP) can provide valuable 
physiologic perspectives in various 
intracranial pathologies. By analyzing TCD 
waveform, many researchers have 
attempted to investigate the correlation 
between cerebral blood flow (CBF) and 
cerebrospinal fluid (CSF) dynamics.  

 

Pulsatility index 

The pulsatility index (PI), measured 
by  (TCD) ultrasonography, can reflect 
vascular resistance induced by cerebral 
small-vessel disease (SVD). We evaluated 
the value of TCD-derived PI for diagnosing 
SVD as compared with magnetic resonance 
imaging (MRI).  PI is calculated from the 
relationship between systolic and diastolic 
flow velocities divided by the mean flow 
velocity (Naqvi, Yap, Ahmad, & Ghosh, 2013; 
Tegeler et al., 2013). Mathematically, PI is 
inversely proportional to the mean CPP and 
directly proportional to the pulse amplitude 
of the arterial blood pressure. Additionally, 
it is nonlinearly proportional to the 

compliance of the arterial bed (Ca), heart 
rate (HR), and peripheral cerebrovascular 
resistance (PCVR) (De Riva et al., 2012). The 
pulsatility index has been used in the 
assessment of distal PCVR (Giller, Hodges, & 
Batjer, 1990).  Many experimental and 
clinical studies have supported the concept 
that PI is a reflection of the distal PCVR, 
attributing greater PI to higher PCVR 
(Bouma, Muizelaar, Bandoh, & Marmarou, 
1992). However, research indicates that 
hypercapnia can cause a decrease in both 
PCVR and PI, while a reduction in CPP with 
intact autoregulation induces a decrease in 
PCVR, but an increasein PI. (Czosnyka, 
Richards, Whitehouse,  & Pickard, 1996). 
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Advanced Methods 

Advanced applications of 
transcranial Doppler (TCD) are possible due 
to its ability of continuous monitoring of 
blood flow in an intracranial artery over 
extended periods. Thus, the dynamic 
changes in cerebral hemodynamics as a 
result of the natural history of an 
intracranial disease and complications of a 
disease or secondary to an external 
provocative stimulus can be observed in 
real time and aid in the diagnostic, 
therapeutic as well as prognostic 
processes.(Nichol) Nichol, Girling, Jerrard, 
Claxton, & Burton, 1951). The vasomotor 
tone, which WT represents is the 
determinant of the critical closing pressure. 
Clinically, CrCP represents a lower 
threshold. By comparing the pulsatile 
waveforms of blood flow velocity and ABP, 
CrCP can be assessed non invasively 
through TCD.  Given the association with 
the vasomotor tone of small blood vessels 
(wall tension), CrCP can provide important 
physiologic detail regarding cerebral 
haemodynamics and changes in cerebral 
perfusion pressure in several neurological 
conditions (Michel, Hillebrand, vonTwickel, 
Zernikow, & Jorch, 1997; Varsos et al., 
2013a). The estimation of CrCP through 
TCD has been applied to estimate changes 
in ICP and cerebrovascular tone to direct 
therapies in patients at risk of developing 
vasospasms after a subarachnoidal 
hemorrhage (Panerai, 2003). Various 
methods for calculating CrCP have been 
proposed based on the assumption of a 
linear relationship between cerebral blood 

FV and ABP, and that PCVR is independent 
of the frequency of the cardiac cycle. Among 
these, the Michel’s method (Michel & 
Zernikow, 1998), based on the fundamental 
harmonics of the pulse waveforms of ABP 
and FV is well studied. Nonetheless, a 
limitation of all methods for CrCP 
estimation consists in the possibility to 
obtain negative values of CrCP, which 
cannot be clinically and physiologically 
explained (Puppo et al., 2012; Soehle, 
Czosnyka, Pickard, & Kirkpatrick, 2004). A 
flow-limiting stenosis in a cervical or 
intracranial artery can produce cerebral 
ischemia by regional hypoperfusion, artery-
to-artery embolization, or a combination of 
both. Extended monitoring of an 
intracranial artery distal to the steno-
occlusive site can detect spontaneous 
embolic signals [microembolic signals 
(MES)] and quantify the embologenic 
potential of the atherosclerotic plaque. 
(Michel & Zernikow, 1998), The best 
method for monitoring of MES is to use a 
TCD probe fixation headframe that enables 
continuous recording of spectral flow from 
the desired intracranial artery.Detection of 
even a single MES during 40 min of 
monitoring is considered as clinically 
significant. According to this method, 
capacitance and resistance are in parallel 
such that the impedance to flow is 
considered a function of heart rate. This 
models advantage is that it does not take 
into account the negative values that can be 
seen in Michael’s model which are not 
physiologically interpretable. Varsos et al. 
(2013b).  
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Intracranial Pressure  

ICP is essential to guide 
management of patients suffering from 
acute brain diseases, this signal is often 
neglected outside the neurocritical care 
environment. This is mainly attributed to 
the intrinsic risks of the available invasive 
techniques, which have prevented ICP 
monitoring in many conditions affecting the 
intracranial homeostasis, from mild 
traumatic brain injury to liver 
encephalopathy. In such scenario, methods 
for non-invasive monitoring of ICP (nICP) 
could improve clinical management of these 
conditions. (Bratton et al., 2007; Holloway 
et al., 1996). Hence, TCD waveform analysis 
has been widely investigated as a technique 
for noninvasive ICP estimation (nICP). 
Increased ICP may affect the blood flow 
velocity in major cerebral vessels and 
produce deviations in cerebral blood flow 
velocity such as decreased diastolic flow 
velocity and increased PI (Czosnyka et al., 
1996; De Riva et al., 2012).  PI and ICP 
correlation has been extensively studied 
(Bellner et al., 2004; Zweifel et al., 2012). 
Bellner et al., in a cohort of eighty-one 
patients with intracranial disorders, found a 
significant correlation (R 5 .94, p < .0001) 
between invasively measured ICP and PI 
and between ICP and PI in the ICP interval 
between 5 to 40 mmHg (Bellner et al., 
2004).  Zweifel et al., in a cohort of 290 
patients, found a weak correlation between 
PI and ICP (.31; p < .001), with a 95% 
prediction interval of ICP values wider than 
15 mmHg (Zweifel et al., 2012).  Finally, 

Cardim et al. (Cardim et al., 2016a) 
demonstrated a nonsignificant correlation 
between nICP and_PI with a measured ICP 
of .15 (p > .05) and a predictive ability 
(AUC) for detecting mean values of ICP of 
17 mmHg.  

Mathematical Models  

Models that stimulate CVD 
cerebrovascular dynamics using 
simultaneous FV and ABP have been 
proposed by numerous authors (Kashif, 
Verghese, Novak, Czosnyka, & Heldt, 2012). 
In a Black-Box model for estimation of ICP 
(nICP_BB), with ICP being a system 
response (output signal ICP) to the 
incoming signal ABP (input signal), 
noninvasive ICP estimation can be 
performed using signals obtained from ABP 
and cerebral blood FVs. In a cohort of 40 
TBI patients, Cardim et al. (2016a) 
evaluated the black-box method and 
demonstrated a correlation with measured 
ICP of .39 (p < .05). The bias and 95% CI for 
the prediction of ICP were 2.50 6 5.07 and 
9.94 mmHg, respectively. The predictive 
ability for detecting mean values of ICP  17 
mmHg was .66 (AUC), which was measured 
through a receive operating characteristic 
(ROC) curve analysis. Aaslid et al. (1986) 
presented a mathematical model for the 
noninvasive estimation of CPP based on 
transcranial Doppler waveform analysis, 
the spectral pulsatility index (SPI), and the 
first harmonic component of the arterial 
blood pressure (A1). Czosnyka et al. (1998) 
proposed a similar, modified formula based 
on the waveform analysis of FV, which uses 
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the FVd for the estimation of nCPP. In 96 
TBI patients, the correlation between nCPP 
and measured CPP was R 5 .73; p < 1026.  In 
71% of the examinations, the estimation 
error was found to be less than 10 mmHg, 
and in 84% of the examinations, the error 
was less than 15 mmHg. The method had a 
high positive predictive power (94%) for 
detecting low CPP (< 60 mmHg). The same 
method was applied in clinical and 
experimental studies (Robba et al., 2015; 
Cardim et al., 2016b; Rasulo et al., 2017) 
with promising results. Varsos et al. 
(2013b) used a method based on CrCP to 
provide information regarding the state of 
cerebral haemodynamics and reflection of 
changes in CPP (Czosnyka, Richards, 
Pickard, Harris, & Iyer, 1994; Michel et al., 
1997; Nichol et al., 1951; Puppo et al., 
2012). According to this method, nCPP 
seems to be correlated with measured CPP 
(R 5 .85, p < .001), with a mean SD 
difference of 4.02, 6.01 mmHg and 83.3% of 
the cases with an estimation error below 10 
mmHg (Varsos et al., 2015). Cardim et al. 
(2016b) revealed that nICP measured by 
CrCP method, presented a correlation with 
measured ICP of .354Avoiding the 
complications of invasive monitoring, TCD 
can noninvasively estimate ICP and CCP.  

The various formulas proposed for 
this purpose have demonstrated a wide 
confidence intervals which remains to be 
fully validated. Consequently, none of these 
methods appear to be accurate enough to 
be used as a replacement for invasive ICP 
measurements. At present, TCD is reserved 
for assessing changes of nICP, rather than 
absolute nICP. Although intracranial 
pressure (ICP) is essential to guide 
management of patients suffering from 
acute brain diseases, this signal is often 
neglected outside the neurocritical care 
environment. TCD waveform analysis has 
been widely investigated as a technique for 
non invasive ICP estimation (nICP). 
Increased ICP could affect the blood flow 
velocity in major cerebral vessels and 
produce changes in cerebral blood flow 
velocity such as decreased diastolic flow 
velocity and increased PI (Czosnyka et 
al., 1996; De Riva et al., 2012). The 
correlation between PI and ICP has been 
extensively studied (Bellner et al., 2004; 
Zweifel et al., 2012). Bellner et al., in a 

cohort of eighty‐one patients with 
intracranial disorders, found a significant 
correlation (R = .94, p < .0001) between 
invasively measured ICP and PI and 
between ICP and PI in the ICP interval 
between 5 to 40 mmHg (Bellner et 
al., 2004); Zweifel et al., in a cohort of 290 
patients, found a weak correlation between 
PI and ICP (.31; p < .001), with a 95% 
prediction interval of ICP values wider than 
± 15 mmHg (Zweifel et al., 2012). Finally, 
Cardim et al. (Cardim et al., 2016a) 
demonstrated a non‐significant correlation 
between nICP_PI with measured ICP of .15 
(p > .05) and a predictive ability (AUC) for 
detecting mean values of ICP ≥ 17 mmHg of. 
Many authors have proposed mathematical 
models that simulate the cerebrovascular 
dynamics using simultaneous FV and ABP 
(Kashif, Verghese, Novak, Czosnyka, & 
Heldt, 2012). In a Black‐Box model for 
estimation of ICP (nICP_BB), with ICP being 
a system response (output signal ICP) to the 
incoming signal ABP (input signal), 
noninvasive ICP estimation can be 
performed using signals obtained from ABP 
and cerebral blood FVs. Cardim et al. 
(2016a) evaluated the black‐box method in 
a cohort of 40 TBI patients and 
demonstrated a correlation with measured 
ICP of .39 (p < .05). The bias and 95% CI for 
prediction of ICP were −.50 ± 5.07 and 9.94 
mmHg, respectively. The predictive ability 
for detecting mean values of ICP ≥ 17 mmHg 
was .66 (AUC), measured through a receive 
operating characteristic (ROC) curve 
analysis. 

Cerebrovascular Time Constant 

(CTAU) 

The CTAU is a noninvasive TCD-
based index, that theoretically indicates, the 
time required to establish a change in 
cerebral blood volume after a sudden 
change in arterial blood pressure during 
one cardiac cycle (Czosnyka et al., 2012). 
This analog to time constant is calculated as 
a product of brain arterial compliance (Ca) 
and resistance (PCVR), expressed in time 
units (seconds). Both Ca and PCVR are 
calculated from the relationship between 
pulsatile ABP and transcranial Doppler 
cerebral blood FVs. CTAU dependence on 
hemodynamic and cerebrovascular 
parameters was studied on 46 New Zealand 

https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0025
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0028
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0007
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0085
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0007
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0085
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0018
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0040
https://onlinelibrary.wiley.com/doi/full/10.1002/jnr.24148#jnr24148-bib-0018
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rabbits undergoing hemodynamic 
manipulation. An inverse correlation of 
CTAU was found with the changes in ABP 
(during arterial hypo- and hypertension) 
and CPP (during intracranial hypertension). 
In particular, during a decrease in CPP, Ca 
increased while PCVR decreased., the 
decrease in PCVR was more pronounced 
than the increase in Ca during hypercapnia, 
resulting in a total decrease in CTAU 
(Czosnyka et al., 2012). The assumption 
that CTAU is independent of the cross-
sectional area of the insonated vessel allows 
the application of CTAU for quantitative 
hemodynamic study in different 
cerebrovascular diseases. In 50 patients 
with symptoms of normal pressure 
hydrocephalus undergoing infusion tests 
(Capel et al., 2014), the cerebral arterial 
time constant was directly linked to the 
dynamics of CSF circulation and pressure-
volume compensation, however a 
significant correlation with changes in CPP 
was observed (R5 .33; p 5 .017). CTAU was 
also studied in healthy volunteers and in 
patients with severe stenosis of the internal 
carotid artery (ICA). CTAU was found to be 
significantly shorter in severe internal 
carotid artery stenosis (Kasprowicz et al., 
2012a) than in controls, and that which 
correlated with the degree of stenosis (R 5 
2.62, p 5 .001). Moreover, CTAU decreased 
significantly during vasospasm in patients 
SAH (Kasprowicz et al., 2012). In particular 
it was found to be shortened on the side of 
the aneurysmal SAH before the vasospasm 
was identified by clinical or conventional 
TCD signs of vasospasm. In another study, 
(Trofimov, Kalentiev, Gribkov, Voennov, & 
Grigoryeva, 2016) the cerebrovascular time 
constant was assessed in patients of TBI, 
with and without intracranial hematomas 
(epidural, subdural, and multiple 
hematomas). This study revealed that CTAU 
was shorter (p5 .05) in both groups in 
comparison with normal data, but in 
patients with intracranial hematomas, the 
time constant was found to be even shorter.  

Compartmental Compliance 

Compliance of arterial and CSF 
compartment Cerebral compliance (C) is 
the ability of the brain to adapt to changes 
in volume (dV) inside the cranium in 
response to a change in pressure (dP) in 

order to avoid intracranial hypertension. In 
particular, two main types of compliance 
are described: the cerebrovascular arterial 
compliance (Ca), which describes the 
change of arterial blood volume in response 
to change in arterial pressure and the 
compliance of the cerebrospinal space (Ci), 
which refers to changes of volume of the 
intracranial space in regards to changes in 
ICP. Ci represents the combined 
compliances of the venous bed and the CSF 
space, where Cv is generally considered as 
part of Ci (Czosnyka et al., 1999). The 
intracranial system consists of three 
different compartments: parenchymal, 
vascular, and CSF. Assuming that the 
parenchymal compartment is nearly 
incompressible, the changes of volume of 
the intracranial space through the foramen 
magnum strictly relate to the volume 
changes of the vasculature (venous pool) 
plus displacement of CSF down to the CSF 
spinal space. TCD noninvasively allows a 
calculation of cerebral arterial blood 
volume (CaBV); (Avezaat & Eijndhoven, 
1984) and, based on the relationship 
between pulsatile changes in ABP, ICP, as 
well as CaBV, enables the assessment of the 
relative changes in the cerebrovascular 
arterial compliance. The model described is 
based on the mechanism of brain pulsatility 
that describes the physiological interactions 
of the intracranial compartments, that 
undergo volumetric changes during the 
cardiac cycle. This method was widely 
described in patients with TBI during 
“plateau waves” of ICP (Czosnyka et al., 
1999), which were monitored using TCD. 
The origin of plateau waves includes 
intrinsic cerebral vasodilatation, with a rise 
in cerebral blood volume and ICP. 
Therefore, according to the vasodilatory 
cascade hypothesis, these changes are 
associated with a rapid increase in Ca 
caused by vasodilatation of cerebral 
resistive vessels during a wave and a 
reduction of Ci because of the decrease in 
cerebrospinal compensatory reserve that 
consequently leads to an increase in 
cerebral blood volume (Oktar et al., 2006; 
Rosner & Becker, 1984; Figure 4). The 
pulsatile component of ICP and clinical 
management guided by AMPICP has been 
shown to be a predictor of outcome in 
patients with SAH. Plateau waves affect the 
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balance between vascular and CSF 
compartments, which is reflected by the 
inverse change of compliance of the 
cerebral arterial bed and global compliance 
of the CSF space. (Eide et al., 2012) 

Autoregulation of Cerebral Blood 

Flow 

Impairment of CBF autoregulation 
may have serious implications for patients 
with cirrhosis if arterial hypotension occurs 
during coma, anesthesia, bleeding, or sepsis. 
Cerebral blood flow autoregulation refers to 
the intrinsic ability of the brain to maintain 
a stable cerebral blood flow (CBF) despite 
fluctuations in cerebral perfusion pressure 
between 50 to 150 mmHg in normotensive 
patients (Czosnyka, Smielewski, Piechnik, & 
Pickard, 2002). An abnormal balance 
between cerebral blood flow, blood volume, 
and of the metabolic requirement of the 
cerebral tissues, may result from disturbed 
autoregulation. In many neurological 
diseases, including TBI and stroke, an 
impairment of this autoregulatory response 
has been demonstrated (Bouma, Muizelaar, 
Bandoh, & Marmarou, 1992; Zweifel et al., 
2008).   It appears that the degree of 
impairment is related to a poor outcome. 
Evaluations of cerebral autoregulation 
tradaditionly have been performed under 
steady-state conditions at a constant 
baseline ABP and constant CBF. Numerous 
authors adopted TCD as a static model to 
autoregulatory testing in patients using the 
static autoregulatory index (sARI) or static 
rate of regulation (sROR), which is defined 
as the percentage change in PCVR% change 
in CPP (Panerai, 2009; Tiecks, Lam, Aaslid, 
& Newell, 1995). Although this classic static 
approach has been widely applied in clinical 
practice for decades, it does not take into 
account different factors including the 
different upper and lower limits of 
autoregulation or different slopes of the 
‘autoregulatory zone’ among different 
individuals (Donnelly, Aries, & Czosnyka, 
2015). Furthermore, static methods do not 
take in account the dynamic changes of 
autoregulation. They further require 
pharmacologic or mechanical 
manipulations of CPP, which may be 
inappropriate and unsafe in clinical practice 
and can fail in capturing the changes and 
latency of the autoregulatory response 

(Aries, Elting, De Keyser, Kremer, & 
Vroomen, 2010). Therefore, the 
investigation of dynamic cerebral 
autoregulation using TCD is an area of 
significant research, given that the high 
temporal resolution which allows 
measuring the timing and the magnitude of 
the changes of CBF to the CPP/(ABP) a 
challenge. This “dynamic” approach uses 
the induced or spontaneous rapid changes 
in ABP as an autoregulatory stimulus and 
compares ABP and CBF velocity during the 
entire autoregulatory process (dynamic 
pressure autoregulation); (Zhang, 
Zuckerman, Giller, & Levine, 1998). In 
neuromonitoring, TCD can be useful to 
calculate an index of autoregulation called 
the mean flow index (Mx), which is the 
correlation coefficient indices between FVm 
and CPP (Czosnyka, Smielewski, 
Kirkpatrick, Menon, & Pickard, 1996). To 
reduce the influence of cardiac pulse and 
respiration, ABP and CBF are time-averaged 
(usually > 10 seconds), and 30 such samples 
are usually used for the estimation of the 
correlation between the two parameters. 
Baseline CBF was measured using 
single‐photon emission computed 
tomography (SPECT) with concomitant 
measurements of cerebral arteriovenous 
oxygen content differences (AVDO2). CBF 
autoregulation was evaluated using the 
AVDO2 method and changes in mean flow 
velocity in the middle cerebral artery 
(Vmean) as determined by transcranial 
Doppler (TCD). Mean arterial pressure 
(MAP) was increased by 30 mm Hg by 
intravenous norepinephrine, and 
subsequently decreased by a combination 
of lower body negative pressure and 
ganglion blockade, whereas AVDO2 and 
Vmean were measured at each 5 mm Hg 
change in MAP.  (Czosnyka, Smielewski, et 
al., 1996). Additionally there is a significant 
association with the outcome for both 
parameters. Despite the wide and generally 
accepted value of TCD in the assessment of 
cerebral autoregulation, this technique has 
some limitations. Measurements of FV are 
frequently taken only from the MCA, thus 
auto-regulatory changes in posterior 
circulation may not be detected (Aries et al., 
2010). Moreover, TCD-based studies use 
CBF-V as a surrogate measure of CBF, 
however, CBF-V is only proportional to CBF 
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when vessel cross-sectional area remains 
constant. The assessment of 
cerebrovascular reactivity remains a 
fundamental diagnostic method for testing 
the cerebral hemodynamic reserve. There 
are several modalities available to assess 
cerebrovascular reactivity in clinical 
practice using different stimuli, such as 
carbon dioxide, breath-holding index, and 
acetazolamide injection (Smielewski, 
Czosnyka, Pickard, & Kirkpatrick, 1997; 
Mancini, De Chiara, Postiglione, & Ferrara, 
1993). This parameter can be assessed 
using different tools, including near infrared 
spectroscopy (Smielewski et al., 1997) and 
positron emission tomography (PET) 
scanning (Herold et al., 1988).  Yet still, the 
most commonly used is the assessment of 
changes in cerebral blood flow velocity 
through TCD (Markus & Cullinane, 2001).  
The hemodynamic reserve can be estimated 
by measuring cerebrovascular reactivity, 
induced by breathing CO2 and pressure-
autoregulation by analyzing spontaneous 
slow fluctuations in the flow velocity 
measured through TCD and arterial 
pressure (Markus & Cullinane, 2001).  In 
this, TCD has been widely used to assess 
CO2 reactivity in patients with carotid 
artery stenotic disease.   FVs are measured 
during normo and hypercapnia, with the 
carbon dioxide used as a vasodilatory 
stimulus (Markus & Cullinane, 2001). 

Clinical Applications 

Traumatic Brain Injury 

TBI is an important cause of 
morbidity and mortality. Several important 
disturbances of cerebral hemodynamics 
occur after TBI, including hyperemia, 
cerebral ischemia, and vasospasm. 
Monitoring and targeted management of 
ICP and CPP are necessary in patients with 
severe TBI. Intracranial hypertension and 
low CPP are associated with a poor 
outcome. Furthermore, the literature is 
solid to point out the importance of strict 
neuromonitoring in an effort to prevent 
secondary brain insult (Lane, Skoretz, Doig, 
& Girotti, 2000). In both human and animal 
studies, TCD has been widely applied in TBI 
patients, in particular for the assessment of 
ICP and CPP (Cardim et al., 2016a). 
Moreover, authors have shown that 

impaired autoregulation, determined by 
TCD methods (Mx or Sx index), is strongly 
associated with a poor outcome at 6 months 
(Czosnyka, Smielewski, et al., 1996; 
Budohoski, Reinhard, et al., 2012). TCD can 
also be useful in TBI patients to assess the 
cerebral dynamics and the entity of cerebral 
swelling through the calculation of cerebral 
compliance. Hyperemia may result a few 
hours after TBI, for a duration of two to four 
days, followed by Doppler patterns 
suggestive of high vascular resistance, 
which is consistent with elevated ICP 
(Muttaqin et al., 1993). TCD may also be 
used for diagnosis and monitoring of 
posttraumatic vasospasm and in the 
monitoring of treatment (Trabold et al., 
2004) of ICP. 

TCD Monitoring of Vasospasm in 

Subarachnoid Hemorrhage 

TCD is the surveillance tool of 
choice in patients with aSAH for diagnosis 
vasospasm during the symptomatic phase 
as well as in the phase when there is no 
clinical suspicion (pre-symptomatic) or 
when the clinical suspicion is unreliable as 
in patients with poor neurological status. 
(Rincon, Rossenwasser, & Dumont, 2013), 
with a six-month mortality rate ranging 
from 32 to 67%, with 30% of survivors 
harboring permanent neurological 
impairment (Hop, Rinkel, Algra, & van Gijn, 
1997). A vasospasm usually occurs 3 to 14 
days following an aneurysmal subarachnoid 
hemorrhage (aSAH).  It is known to be one 
of the causes leading to delayed cerebral 
ischemia (DCI) and poor outcomes 
(Diringer et al., 2011). Angiography is 
considered the gold standard for the 
detection of vasospasm; however, TCD has 
long been used for monitoring patients with 
SAH for vasospasm detection (Kumar, 
Shahripour, & Harrigan, 2015). TCD can 
detect vasospasms as the constriction of the 
cerebral vessels leads to an increase of 
cerebral blood flow velocities (Kumar et al., 
2015). During the previous decade, 
numerous authors suggested various TCD 
criteria for the evaluation of vasospasm 
(Mascia et al., 2003; Toi et al.,2013). 
According to a recent meta-analysis, of 
2870 patients, TCD was found to be highly 
predictive of evidence of vasospasm in 
patients with aSAH with a sensitivity 90% 
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(95% confidence interval [CI] 77%-96%), 
specificity 71% (95% CI 51%-84%), 
positive predictive value 57% (95% CI 
38%-71%), and negative predictive value 
92% (95% CI 83%-96%). Vora et al. (1999), 
in a retrospective study of 101 patients, 
found that mean flow velocity (FVM) > 120 
cm/s on the MCA had a specificity of 72% 
and sensitivity of 88% for 33% 
angiographic vasospasm with a negative 
predictive value (NPV) of 94% for FVM < 
120 cm/s. Moreover, FVM > 200 cm/s was 
98% specific and 27% sensitive with a 
positive predictive value (PPV) of 87% for 
angiographic vasospasm of  33%. To 
differentiate an increase of the FV related to 
systemic hyperdynamic flow and vasospasm, 
the Lindegaard ratio ((LR); Linde Lindegaard, 
Nornes, Bakke, Sorteberg, & Nakstad, 1988) is 
typically used.   LR is defined as FVm on the 
MCA divided for the extracranial ICA FVm. 
According to this assessment, LR indicates 
hyperdynamic flow and vasospasm. While 
TCD can also cerebral autoregulation after 
aSAH,  TCD has also been extensively used for 
the detection of cerebral vasospasm showing 
good sensitivity and specificity. An Early 
detection of Impaired cerebral autoregulation 
in these patients (Budohoski et al., 2013) is 
associated with increased risk to develop 
delayed cerebral ischemia independently to 
the incidence of a vasospasm (Budohoski, 
Czosnyka, et al., 2012), and later shown to be 
associated with a poor outcome. (Budohoski 
et al., 2014).  

Stroke  

A distinct advantage of TCD is the 
ability to monitor blood flow in a blood 
vessel over prolonged periods of time, 
which has shown microembolic signals in 
acute ischemic stroke, carotid artery 
disease, atrial fibrillation and during 
angiography. In patients affected by ICA 
stenosis, impaired autoregulation assessed 
by significant increases in Mx and decreases 
in dARI are observed (Reinhard et al., 
2003). TCD is a rapidly reproducible test 
which has been used for the diagnosis, 
prognosis and the treatment of ischemic 
strokes (Topcuoglu, 2012). In a cohort of 48 
patients with angiographic occlusion, TCD 
showed an overall sensitivity of 83% and 
specificity of 94%, especially in anterior 

circulation (Demchuk et al., 2000). TCD can 
also be a reliable prognostic indicator in 
MCA occlusive stroke (Alexandrov, Burgin, 
Demchuk, El-Mitwalli, & Grotta, 2001). Its’ 
role in the assessment of cerebral 
autoregulation after a stroke has been 
extensively studied.  

Depending to the location and 
severity of the occlusion; TCD may also 
have a role in the prediction of outcome in 
stroke patients. In a study of 335 acute 
stroke patients who received thrombolytic 
treatment, distal MCA occlusions assessed 
through TCD were associated with the 
greatest probability of early re-canalization 
(44%), compared with 30% in the proximal 
MCA, 30% in the BA, and < 10% in the 
terminal ICA (Moppett & Mahajan, 2004). 
Regardless, TCD can play an important role in 
patients with ischemic stroke, CTA and MRA.  

Another clinical application of TCD 
is seen in patients with a stroke, in the 
detection of paradoxical embolism through 
right to left cardiopulmonary shunts, such 
as in patent foramen ovale (Cabanes et al., 
1993). A peripheral injection of agitated 
saline is typically administered. The patient 
is asked to perform a Valsalva maneuver.  
Thereafter the number of microembolic 
signals observed after the end of the 
injection are detected and counted through 
TCD and are correlated with the grade of 
shunting. TCD provides important 
information and serves as a rapid and 
reliable screening tool for the detection of 
an arterial occlusion, for monitoring of 
arterial patency during thrombolysis, as 
well as for the assessment of cerebral 
hemodynamic alterations in patients with 
acute ischemic stroke (Sarkar, Ghosh, 
Ghosh, & Collier, 2007).  

Clinical Applications  

A Doppler ultrasound may help in 
the diagnose many conditions, including: 
Blood clots. Poorly functioning valves in 
your leg veins, which can cause blood or 
other fluids to pool in your legs (venous 
insufficiency) Heart valve defects and 
congenital heart disease. TCD presents a 
wide range of clinical application in areas 
such as anesthesiology, neurology, 
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neurosurgery and in a neurointensive care 
settings. Aside from the previously 
described applications in neurointensive 
care settings, (TBI, SAH, Stroke) it has also 
been successful applied in the diagnosis of 
brainstem necrosis (Ducrocq et al., 1998) as 
seen in cerebral nervous system infections 
and in many ischemic cerebrovascular 
disease (sickle cell disease, right to left 
cardiac shunt, venous thrombosis) in both 
the adult and pediatric populations. TCD is 
also gaining particular traction in the 
intraoperative settings. It has been 
successfully applied in order to asses nCPP 
and nICP in surgical procedures with risk of 
increasing intracranial hypertension (Robba 
et al., 2016).  These include procedures such 
as laparoscopic procedures with 
pneumoperitoneum and also when patients 
may require to be positioned in the  
Trendelenburg position (Robba et al., 
2016).  It has further been successfully used 
for neuromonitoring during carotid 
endarterectomy and cardiopulmonary 
bypass (Joshi et al., 2012). Recently, TCD 
has been applied in septic patients to assess 
nCPP and PI. Some authors have found 
higher values of PI and cerebral vascular 
constriction in septic patients, compared to 
that of the control group, suggesting a 
possible use of TCD in the assessment of the 
mechanisms underlying the pathogenesis of 
sepsis related encephalopathy. Transcranial 
Doppler (TCD) ultrasound provides rapid, 
noninvasive, real-time measures of 
cerebrovascular function.  

TCD can be used to measure flow 
velocity in the basal arteries of the brain to 
assess relative changes in flow, diagnose 
focal vascular stenosis, or to detect embolic 
signals within these arteries. (Pierrakos et 
al., 2013). 

Conclusion 

Advances in technology have 
stimulated a renewed interest in the use of 
non-invasive, portable and easy to use tools 
for the monitoring of cerebral 
haemodynamics in a variety of disorders. 
Three-dimensional power Doppler 
ultrasonography imaging provides rapid, 
noninvasive visualization of ruptured 
intracranial aneurysms, including their 
relationship to other vascular structures. 
The noninvasive nature, repeatability, 
portability, and high temporal resolution of 
TCD have encouraged the use of this 
technique, especially in bedside monitoring of 
CBF in the neurocritical care settings. Invasive 
techniques still appear to remain the gold 
standard across the majority of clinical 
applications.   Furthermore, operator 
dependency and the need for an 
appropriate temporal window are a 
significant limitation to its clinical utility. 
However, despite some limitations 
including operator dependency; 10–20% of 
patients have inadequate transtemporal 
acoustic windows. Yet, TCD still remains an 
important tool for the assessment of 
cerebral hemodynamics in critically ill 
patients and its wide utility as a diagnostic 
tool makes it a useful “stethoscope for the 
brain.” The future of TCD in intensive care 
Whilst class I data exist for the role of TCD 
in the management of patients with sickle 
cell disease, robust evidence for its 
usefulness in the critically ill is lacking. 
Although evidence of its diagnostic 
capabilities in a variety of conditions is 
emerging, its current application in 
intensive care is confined largely to the 
management of patients with aSAH, 
assessment of brain death and monitoring 
of cerebral haemodynamics in neurotrauma  

Table2. Clinical Applications of Transcranial Doppler in NeurocriticalCare 

CLINICALAPPLICATION Role of TCD 
TBI Non invasive ICP and CPP estimation 

Autoregulation and cerebrovascular reactivity 
Compliance and cerebrovascular dynamics 
Detection of posttraumatic vasospasm 
Evaluation of effect of endovascular 
treatment of vasospasm with balloon 
angioplasty or injection of vasodilators 

SAH (Aneurysms and AVM) 
 

Vasospasm 
Autoregulation and cerebrovascular reactivity 
Non-invasive ICP evaluation 
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Evaluation of effect of endovascular 
treatment of vasospasm with balloon 
angioplasty or injection of vasodilators 

STROKE  Diagnosis and treatment of ischemicstroke 
Emboli monitoring especially after cardioembolic 
stroke,and in patients with fat embolism syndrome 

HYDROKEPHALUS Infusion study and cerebral reserve andcompliance 
Cerebral autoregulation and cerebrovascular 
reactivity 

BRAIN TUMORS Detection of vasospasm 
Non invasive intracranial pressure 

BRAIN DEATH Diagnosis of brain death 
SICKLE CELL DISEASE  Screening and follow up of children 
Right to Left CARDIAC SHUNT Evaluation of paradoxical embolism through right  

left cardiopulmonary shunts to 
(e.g., patent foramen ovale) 

CAROTID SURGERY Postoperative evaluation of patients after Carotid  
endoarterectomyor carotidstenting  
(risk of brain hyperperfusionor emboli) 

CEREBRAL NERVOUSSYSTEM INFECTION Non invasive ICP and cerebrovascular dynamic 
PERI-PROCEDURAL/   
OPERATIVE 

Autoregulation Non invasive ICP and CPP 

LIVER FAILURE    Non invasive ICP estimation and prognosis 
for acute liver failure 

PREECLAMPSIA     
 

Assessment of autoregulation and FV as 
prognostic for preeclampsia 

SEPSIS Assessing cerebral perfusion changes in 
Septic patients as risk of sepsisassociated 
encephalopathy 

  

References 

[1] Aaslid R, Markwalder TM, Nornes H. 
Noninvasive transcranial Doppler 
ultrasound recording of flow velocity in 
basal cerebral arteries. J Neurosurg 1982; 
57:769‐74. 

[2] Saqqur M, Zygun D, Demchuk A. Role of 
transcranial Doppler in neurocritical care. 
Crit Care Med 2007;35 5 Suppl: S216‐23. 

[3] Rigamonti A, Ackery A, Baker AJ. 
Transcranial Doppler monitoring in 
subarachnoid hemorrhage: A critical tool in 
critical care. Can J Anaesth 2008; 55: 
112‐23. 

[4] Arenillas JF, Molina CA, Montaner J, 
Abilleira S, González‐Sánchez MA, 
Alvarez‐Sabín J. Progression and clinical 
recurrence of symptomatic middle cerebral 
artery stenosis: A long‐term follow‐up 
transcranial Doppler ultrasound study. 
Stroke 2001;32:2898‐904. 

[5] Christou I, Felberg RA, Demchuk AM, 
Grotta JC, Burgin WS, Malkoff M, et al. A 
broad diagnostic battery for bedside 
transcranial Doppler to detect flow 
changes with internal carotid artery 
stenosisor occlusion. J Neuroimaging 2001; 
11:236‐42. 

[6] Ursino M, Giulioni M. Quantitative 
assessment of cerebral autoregulation 
from transcranial Doppler pulsatility: A 
computer simulation study. Med EngPhys 
2003;25:655‐66. 

[7] C h a n g J J , Tsi v g o u l i s G , K a t s a n o s 
A H , Ma l k o f f MD , Alexandrov AV. 
Diagnostic accuracy of transcranial 
Doppler for brain death confirmation: 
Systematic review and meta‐analysis. AJNR 
Am J Neuroradiol 2016;37:408‐14. 

[8] Moreno JA, Mesalles E, Gener J, Tomasa A, 
Ley A, Roca J, et al. Evaluating the outcome 
of severe head injury with transcranial 
Doppler ultrasonography. Neurosurg Focus 
2000;8:e8. 

[9] Pennekamp CW, Moll FL, de Borst GJ. The 
potential benefits and the role of cerebral 
monitoring in carotid endarterectomy. 
CurrOpinAnaesthesiol 2011;24:693‐7. 

[10] Müller M, Voges M, Piepgras U, Schimrigk 
K. Assessment of cerebral vasomotor 
reactivity by transcranial Doppler ultrasound 
and breath‐holding. A comparison with 
acetazolamide as vasodilatorystimulus. 
Stroke 1995;26:96‐ 100.  

[11] Ringelstein EB, Droste DW, Babikian VL, 
Evans DH, Grosset DG, Kaps M, et al. 
Consensus on microembolus detection by 



Transcranial Doppler Sonography for Detecting Stenosis or Occlusion of Intracranial Arteries in 
People with Acute Ischemic Stroke in Neurocritical Care Unit 

Archives of Health Science                                                                                                                              13 

TCD. International Consensus Group on 
Microembolus Detection. Stroke 1998; 
29:725‐9. 

[12] White H, Venkatesh B. Applications of 
transcranial Doppler in the ICU: A review. 
Intensive Care Med 2006;32:981‐94. 

[13] Tsivgoulis G, Alexandrov AV, Sloan MA. 
Advances in transcranial Doppler 
ultrasonography. CurrNeurolNeurosci Rep 
2009;9:46‐54. 

[14] Marinoni M, Ginanneschi A, Forleo P, 
Amaducci L. Technical limits in transcranial 
Doppler recording: Inadequate acoustic 
windows. Ultrasound Med Biol 1997; 23: 
1275‐7. 

[15] Bouzat P, Oddo M, Payen JF. Transcranial 
Doppler after traumatic brain injury: Is 
there a role? CurrOpinCrit Care 2014; 
20:153‐60. 

[16] Paulus J, Cinotti R, Hamel O, Buffenoir K, 
Asehnoune K. The echographic “butterfly 
wing” aspect of the sphenoid bone is a 
critical landmark to insonate the middle 
cerebral artery. Intensive Care Med 2014; 
40:1783‐4. 

[17] Aaslid R. The Doppler principle applied to 
measurement of blood flow velocity in 
cerebral arteries. In: Vienna RA. 
Transcranial Doppler Sonography. New 
York: Springer; 1986. p. 22‐38. 

[18] Tegeler CH, Crutchfield K, Katsnelson M, 
Kim J, Tang R, Passmore Griffin L, et al. 
Transcranial Doppler velocities in a large, 
healthy population. J Neuroimaging 2013; 
23:466‐72. 

[19] Nicoletto HA, Burkman MH. Transcranial 
Doppler series part II: Performing a 
transcranial Doppler. Am J Electron 
eurodiagnosticTechnol 2009;49:14‐27. 

[20] Arnolds BJ, von Reutern GM. Transcranial 
Doppler sonography. Examination 
technique and normal reference values. 
Ultrasound Med Biol 1986;12:115‐23. 

[21] Moppett IK, Mahajan RP. Transcranial 
Doppler ultrasonography in anaesthesia 
and intensive care. Br J Anaesth 2004; 
93:710‐24. 

[22] Droste DW, Harders AG, Rastogi E. A 
transcranial Doppler study of blood flow 
velocity in the middle cerebral arteries 
performed at rest and during mental 
activities. Stroke 1989;20:1005‐11. 

[23] Patel PM, Drummond JC. Cerebral 
physiology and the effects of anesthetic 
drugs. In: Miller’s Anesthesia. 7th ed. New 
York: Churchill Livingstone; 2009. p. 305‐40. 

[24] Shahlaie K, Keachie K, Hutchins IM, Rudisill 
N, Madden LK, Smith KA, et al. Risk factors 

for posttraumatic vasospasm. J Neurosurg 
2011;115:602‐11. 

[25] Kaps M, Stolz E, Allendoerfer J. Prognostic 
value of transcranial sonography in acute 
stroke patients. EurNeurol 2008;59Suppl 
1:9‐16. 

[26] Carrera E, Schmidt JM, Oddo M, Fernandez 
L, Claassen J, Seder D, et al. Transcranial 
Doppler for predicting delayed cerebral 
ischemia after subarachnoid hemorrhage. 
Neurosurgery 2009;65:316‐23. 

[27] Brauer P, Kochs E, Werner C, Bloom M, 
Policare R, Pentheny S, et al. Correlation of 
transcranial Doppler sonography mean 
flow velocity with cerebral blood flow in 
patients with intracranial pathology. 
JNeurosurgAnesthesiol 1998;10:80‐5. 

[28] Gosling RG, King DH. Arterial assessment 
by Doppler‐shift ultrasound. Proc R Soc 
Med 1974;67(6 Pt 1):447‐9.  

[29] Nicoletto HA, Burkman MH. Transcranial 
Doppler series part III: Interpretation. Am J 
ElectroneurodiagnosticTechnol 2009; 49: 
244‐59. 

[30] Homburg AM, Jakobsen M, Enevoldsen E. 
Transcranial Doppler recordings in raised 
intracranial pressure. ActaNeurolScand 
1993; 87:488‐93. 

[31] Bellner J, Romner B, Reinstrup P, 
Kristiansson KA, Ryding E, Brandt L. 
Transcranial Doppler sonography 
pulsatility index (PI) reflects intracranial 
pressure (ICP). SurgNeurol 2004;62:45‐51. 

[32] Ursino M, Giulioni M, Lodi CA. 
Relationships among cerebral perfusion 
pressure, autoregulation, and transcranial 
Doppler waveform: A modeling study. J 
Neurosurg 1998;89:255‐66. 

[33] Zweifel C, Czosnyka M, Carrera E, de Riva 
N, Pickard JD, Smielewski P. Reliability of 
the blood flow velocity pulsatility index for 
assessment of intracranial and cerebral 
perfusion pressures in head‐injured 
patients. Neurosurgery 2012;71:853‐61. 

[34] Lindegaard KF, Nornes H, Bakke SJ, 
Sorteberg W, Nakstad P. Cerebral 
vasospasm after subarachnoid 
haemorrhage investigated by means of 
transcranial Doppler ultrasound. 
ActaNeurochirSuppl (Wien)1988;42:81‐4. 

[35] Martin PJ, Evans DH, Naylor AR. 
Transcranial color‐coded sonography of 
the basal cerebral circulation. Reference 
data from 115 volunteers. Stroke 1994; 
25:390‐6. 

[36] Rasulo FA, De Peri E, Lavinio A. 
Transcranial Doppler ultrasonography in 



Transcranial Doppler Sonography for Detecting Stenosis or Occlusion of Intracranial Arteries in 
People with Acute Ischemic Stroke in Neurocritical Care Unit 

Archives of Health Science                                                                                                                              14 

intensive care. Eur J AnaesthesiolSuppl 
2008; 42:167‐73. 

[37] Krejza J, Mariak Z, Walecki J, Szydlik P, 
Lewko J, Ustymowicz A. Transcranial color 
Doppler sonography of basal cerebral 
arteries in 182 healthy subjects: Age and 
sex variability and normal reference values 
for blood flow parameters. AJR Am J 
Roentgenol 1999;172:213‐8. 

[38] Maeda H, Matsumoto M, Handa N, Hougaku 
H, Ogawa S, Itoh T, et al. Reactivity of 
cerebral blood flow to carbon dioxide in 
various types of ischemic cerebrovascular 
disease: Evaluation by the transcranial 
Doppler method. Stroke 1993;24:670‐5. 

[39] Velat GJ, Kimball MM, Mocco JD, Hoh BL. 
Vasospasm after aneurysmal subarachnoid 
hemorrhage: Review of randomized 
controlled trials and metaanalyses in the 
literature.World Neurosurg 2011;76:446‐ 54. 

[40] Dorsch N. A clinical review of cerebral 
vasospasm and delayed ischaemia 
following aneurysm rupture. Acta 
NeurochirSuppl 2011;110(Pt 1):5‐6. 

[41] Papaioannou V, Dragoumanis C, Theodorou 
V, Konstantonis D, Pneumatikos I, Birbilis 
T. Transcranial Doppler ultrasonography in 
intensive care unit. Report of a case with 
subarachnoid hemorrhageand brain death 
and review of the literature. Greek E J 
Perioper Med 2008;6:95‐104. 

[42] Biller J, Godersky JC, Adams HP Jr. 
Management of aneurysmal subarachnoid 
hemorrhage. Stroke 1988;19:1300‐5. 

[43] Zubkov AY, Rabinstein AA. Medical 
management of cerebral vasospasm: 
Present and future. Neurol Res 2009; 31: 
626‐31. 

[44] Smith M. Intensive care management of 
patients with subarachnoid haemorrhage. 
CurrOpinAnaesthesiol 2007;20:400‐7. 

[45] Dorsch NW, King MT. A review of cerebral 
vasospasm in aneurysmal subarachnoid 
haemorrhage Part I: Incidence and effects. J 
ClinNeurosci 1994;1:19‐26. 

[46] Mascia L, Fedorko L, terBrugge K, Filippini 
C, Pizzio M, Ranieri VM, et al. The accuracy 
of transcranial Doppler to detect 
vasospasm in patients with aneurysmal 
subarachnoid hemorrhage. Intensive Care 
Med 2003;29:1088‐94. 

[47] Otten ML, Mocco J, Connolly ES Jr., Solomon 
RA. A review of medical treatments of 
cerebral vasospasm. Neurol Res 2008; 
30:444‐9. 

[48] Marshall SA, Nyquist P, Ziai WC. The role of 
transcranial Doppler ultrasonography in 
the diagnosis and management of 

vasospasm after aneurysmal subarachnoid 
hemorrhage. NeurosurgClin N Am2010; 
21:291‐303.  

[49] Harders AG, Gilsbach JM. Time course of 
blood velocity changes related to 
vasospasm in the circle of Willis measured 
by transcranial Doppler ultrasound. J 
Neurosurg 1987;66:718‐28. 

[50] Armonda RA, Bell RS, Vo AH, Ling G, 
DeGraba TJ, Crandall B, et al. Wartime 
traumatic cerebral vasospasm: Recent 
review of combat casualties. Neurosurgery 
2006;59:1215‐25. 

[51] Keyrouz SG, Diringer MN. Clinical review: 
Prevention and therapy of vasospasm in 
subarachnoid hemorrhage. Crit Care 2007; 
11:220. 

[52] Topcuoglu MA, Pryor JC, Ogilvy CS, Kistler 
JP. Cerebral vasospasm following 
subarachnoid hemorrhage. Curr Treat 
Options Cardiovasc Med 2002;4:373‐384. 

[53] Sviri GE, Ghodke B, Britz GW, Douville CM, 
Haynor DR, Mesiwala AH, et al. 
Transcranial Doppler grading criteria for 
basilar artery vasospasm. Neurosurgery 
2006; 59:360‐6. 

[54] Bederson JB, Connolly ES Jr., Batjer HH, 
Dacey RG, Dion JE, Diringer MN, et al. 
Guidelines for the management of 
aneurysmal subarachnoid hemorrhage: A 
statement for healthcare professionalsfrom 
a special writing group of the Stroke 
Council, American Heart Association. 
Stroke 2009;40:994‐1025. 

[55] McGirt MJ, Blessing RP, Goldstein LB. 
Transcranial Doppler monitoring and 
clinical decision‐making after subarachnoid 
hemorrhage. J Stroke Cerebrovasc Dis 2003; 
12:88‐92. 

[56] Washington CW, Zipfel GJ; Participants in 
the International Multi‐disciplinary 
Consensus Conference on the Critical Care 
Management of Subarachnoid Hemorrhage. 
Detection and monitoring of vasospasm 
and delayed cerebral ischemia: A review 
and assessment of the literature. Neurocrit 
Care 2011;15:312‐7. 

[57] Lysakowski C, Walder B, Costanza MC, 
Tramèr MR. Transcranial Doppler versus 
angiography in patients with vasospasm 
due to a ruptured cerebral aneurysm: A 
systematic review. Stroke 2001;32:2292‐8. 

[58] Vora YY, Suarez‐Almazor M, Steinke DE, 
Martin ML, Findlay JM. Role of transcranial 
Doppler monitoring in the diagnosis of 
cerebral vasospasm after subarachnoid 
haemorrhage. Neurosurgery 1999; 44: 
1237‐47. 



Transcranial Doppler Sonography for Detecting Stenosis or Occlusion of Intracranial Arteries in 
People with Acute Ischemic Stroke in Neurocritical Care Unit 

Archives of Health Science                                                                                                                              15 

[59] Schatlo B, Pluta RM. Clinical applications of 
transcranial Doppler sonography. Rev 
Recent Clin Trials 2007;2:49‐57. 

[60] Sloan MA, Burch CM, Wozniak MA, 
Rothman MI, Rigamonti D, Permutt T, et al. 
Transcranial Doppler detection of 
vertebrobasilar vasospasm following 
subarachnoid hemorrhage. Stroke 1994; 
25:2187‐97. 

[61] Soustiel JF, Shik V, Shreiber R, Tavor Y, 
Goldsher D. Basilar vasospasm diagnosis: 
Investigation of a modified “Lindegaard 
Index” based on imaging studies and blood 
velocity measurements of the basilar 
artery. Stroke 2002;33:72‐7.  

[62] Harders A, Gilsbach J. Transcranial Doppler 
sonography and its application in 
extracranial‐intracranial bypass surgery. 
Neurol Res 1985;7:129‐41. 

[63] Skjelland M, Krohg‐Sørensen K, Tennøe B, 
Bakke SJ, Brucher R, Russell D. Cerebral 
microemboli and brain injury during 
carotid artery endarterectomy and 
stenting. Stroke 2009;40:230‐4. 

[64] Wozniak MA, Sloan MA, Rothman MI, 
Burch CM, Rigamonti D, Permutt T, et al. 
Detection of vasospasm by transcranial 
Doppler sonography. The challenges of the 
anterior and posterior cerebral arteries. J 
Neuroimaging 1996;6:87‐93. 

[65] Frontera JA, Fernandez A, Schmidt JM, 
Claassen J, Wartenberg KE, Badjatia N, et al. 
Defining vasospasm after subarachnoid 
hemorrhage: What is the most clinically 
relevant definition? Stroke 2009;40:1963‐8. 

[66] Gonzalez NR, Boscardin WJ, Glenn T, 
Vinuela F, Martin NA. Vasospasm 
probability index: A combination of 
transcranial Doppler velocities, cerebral 
blood flow, and clinical risk factors to 
predictcerebral vasospasm after 
aneurysmal subarachnoid hemorrhage. J 
Neurosurg 2007;107:1101‐12. 

[67] Connolly ES Jr., Rabinstein AA, 
Carhuapoma JR, Derdeyn CP, Dion J, 
Higashida RT, et al. Guidelines for the 
management of aneurysmal subarachnoid 
hemorrhage: A guideline for healthcare 
professionals from the American Heart 
Association/American Stroke Association. 
Stroke 2012;43:1711‐37. 

[68] Puppo C, López L, Caragna E, Biestro A. 
One‐minute dynamic cerebral 
autoregulation in severe head injury 
patients and its comparison with static 
autoregulation. A transcranial Doppler 
study. Neurocrit Care2008;8:344‐52. 

[69] Aries MJ, Elting JW, De Keyser J, Kremer BP, 
Vroomen PC. Cerebral autoregulation in 
stroke: A review of transcranial Doppler 
studies. Stroke 2010;41:2697‐704. 

[70] Reinhard M, Roth M, Müller T, Czosnyka M, 
Timmer J, Hetzel A. Cerebral 
autoregulation in carotid artery occlusive 
disease assessed from spontaneous blood 
pressure fluctuations by the correlation 
coefficient index. Stroke 2003;34:2138‐44. 

[71] Panerai RB. Transcranial Doppler for 
evaluation of cerebral autoregulation. 
ClinAuton Res 2009;19:197‐211. 

[72] Panerai RB. Assessment of cerebral 
pressure autoregulation in humans – A 
review of measurement methods. Physiol 
Meas 1998;19:305‐38. 

[73] Paulson OB, Strandgaard S, Edvinsson L. 
Cerebral autoregulation. Cerebrovasc Brain 
Metab Rev 1990;2:161‐92. 

[74] Aaslid R, Lindegaard KF, Sorteberg W, 
Nornes H. Cerebral autoregulation 
dynamics in humans. Stroke 1989; 
20:45‐52. 

[75] Giller CA. A bedside test for cerebral 
autoregulation using transcranial Doppler 
ultrasound. ActaNeurochir (Wien) 1991; 
108:7‐14.  

[76] Tiecks FP, Douville C, Byrd S, Lam AM, 
Newell DW. Evaluation of impaired 
cerebral autoregulation by the valsalva 
maneuver. Stroke 1996;27:1177‐82. 

[77] Schondorf R, Stein R, Roberts R, Benoit J, 
Cupples W. Dynamic cerebral 
autoregulation is preserved in neurally 
mediated syncope. J ApplPhysiol 2001; 
91:2493‐502. 

[78] Levine BD, Giller CA, Lane LD, Buckey JC, 
Blomqvist CG. Cerebral versus systemic 
hemodynamics during graded orthostatic 
stress in humans. Circulation 1994; 
90:298‐306. 

[79] Tiecks FP, Lam AM, Aaslid R, Newell DW. 
Comparison of static and dynamic cerebral 
autoregulation measurements. Stroke 
1995;26:1014‐9. 

[80] Czosnyka M, Brady K, Reinhard M, 
Smielewski P, Steiner LA. Monitoring of 
cerebrovascular autoregulation: Facts, 
myths, and missing links. Neurocrit Care 
2009;10:373‐86. 

[81] Panerai RB. Cerebral autoregulation: From 
models to clinical applications. Cardiovasc 
Eng 2008;8:42‐59.  

[82] Czosnyka M, Smielewski P, Kirkpatrick P, 
Menon DK, Pickard JD. Monitoring of 



Transcranial Doppler Sonography for Detecting Stenosis or Occlusion of Intracranial Arteries in 
People with Acute Ischemic Stroke in Neurocritical Care Unit 

Archives of Health Science                                                                                                                              16 

cerebral autoregulation in head‐injured 
patients. Stroke 1996;27:1829‐34. 

[83] Lang EW, Diehl RR, Mehdorn HM. Cerebral 
autoregulation testing after aneurysmal 
subarachnoid hemorrhage: The phase 
relationship between arterial blood 
pressure and cerebral blood flow velocity. 
CritCare Med 2001;29:158‐63. 

[84] White RP, Markus HS. Impaired dynamic 
cerebral autoregulation in carotid artery 
stenosis. Stroke 1997;28:1340‐4.  

[85] Czosnyka M, Matta BF, Smielewski P, 
Kirkpatrick PJ, Pickard JD. Cerebral 
perfusion pressure in head‐injured 
patients: A noninvasive assessment using 
transcranial Doppler ultrasonography. J 
Neurosurg1998;88:802‐8. 

[86] Clark JM, Skolnick BE, Gelfand R, Farber RE, 
Stierheim M, Stevens WC, et al. 
Relationship of 133Xe cerebral blood flow 
to middle cerebral arterial flow velocity in 
men at rest. J Cereb Blood Flow Metab 
1996;16:1255‐62. 

[87] S l o a n M A , A l e x a n d r o v AV, Te g e l e 
r C H , S p e n c e r M P, Caplan LR, 
Feldmann E, et al. Assessment: 
Transcranial Doppler ultrasonography: 
Report of the therapeutics and Technology 
Assessment Subcommittee of the American 
Academy of Neurology. Neurology 
2004;62:1468‐81. 

[88] Demchuk AM, Christou I, Wein TH, Felberg 
RA, Malkoff M, Grotta JC, et al. Accuracy 
and criteria for localizing arterial occlusion 
with transcranial Doppler. J Neuroimaging 
2000;10:1‐12. 

[89] Razumovsky AY, Gillard JH, Bryan RN, 
Hanley DF, Oppenheimer SM. TCD, MRA 
and MRI in acute cerebral ischemia. 
ActaNeurolScand 1999;99:65‐76. 

[90] Tsivgoulis G, Sharma VK, Lao AY, Malkoff 
MD, Alexandrov AV.Validation of 
transcranial Doppler with computed 
tomographyangiography in acute cerebral 
ischemia. Stroke 2007;38:1245‐9. 

[91] Camerlingo M, Casto L, Censori B, Servalli 
MC, Ferraro B, Mamoli A. Prognostic use of 
ultrasonography in acute non‐hemorrhagic 
carotid stroke. Ital J NeurolSci 
1996;17:215‐8. 

[92] Baracchini C, Manara R, Ermani M, 
Meneghetti G. The quest for early 
predictors of stroke evolution: Can TCD be 
a guiding light? Stroke 2000;31:2942‐7. 

[93] Kushner MJ, Zanette EM, Bastianello S, 
Mancini G, Sacchetti ML, Carolei A, et al. 
Transcranial Doppler in acute hemispheric 

brain infarction. Neurology 1991; 
41:109‐13. 

[94] Demchuk AM, Burgin WS, Christou I, 
Felberg RA, Barber PA, Hill MD, et al. 
Thrombolysis in brain ischemia (TIBI) 
transcranial Doppler flow grades predict 
clinical severity, early recovery, and 
mortality inpatients treated with 
intravenous tissue plasminogen activator. 
Stroke 2001;32:89‐93. 

[95] Christou I, Alexandrov AV, Burgin WS, 
Wojner AW, Felberg RA, Malkoff M, et al. 
Timing of recanalization after tissue 
plasminogen activator therapy determined 
by transcranial Doppler correlates 
withclinical recovery from ischemic stroke. 
Stroke 2000;31:1812‐6. 

[96] Alexandrov AV, Burgin WS, Demchuk AM, 
El‐Mitwalli A, Grotta JC. Speed of 
intracranial clot lysis with intravenous 
tissue plasminogen activator therapy: 
Sonographic classification and short‐term 
improvement. Circulation 
2001;103:2897‐902. 

[97] Alexandrov AV, Grotta JC. Arterial 
reocclusion in stroke patients treated with 
intravenous tissue plasminogen activator. 
Neurology 2002;59:862‐7. 

[98] Stolz E, Cioli F, Allendoerfer J, Gerriets T, 
Del Sette M, Kaps M. Can early 
neurosonology predict outcome in acute 
stroke? ametaanalysis of prognostic 
clinical effect sizes related to the vascular 
status. Stroke 2008;39:3255‐61. 

[99] Jauch EC, Saver JL, Adams HP Jr., Bruno A, 
Connors JJ, Demaerschalk BM, et al. 
Guidelines for the early management of 
patients with acute ischemic stroke: A 
guideline for healthcare professionals from 
the American Heart Association/American 
Stroke Association. Stroke 2013; 
44:870‐947. 

[100] Platt OS. Prevention and management of 
stroke in sickle cell anemia. Hematology 
Am SocHematolEduc Program 2006:54‐7. 

[101] Adams RJ, McKie VC, Carl EM, Nichols FT, 
Perry R, Brock K, et al. Long‐term stroke 
risk in children with sickle cell disease 
screened with transcranial Doppler. Ann 
Neurol 1997;42:699‐704. 

[102] Adams RJ, McKie VC, Hsu L, Files B, 
Vichinsky E, Pegelow C, et al. Prevention 
of a first stroke by transfusions in children 
with sickle cell anemia and abnormal 
results on transcranial Doppler 
ultrasonography. N Engl J Med 
1998;339:5‐11. 



Transcranial Doppler Sonography for Detecting Stenosis or Occlusion of Intracranial Arteries in 
People with Acute Ischemic Stroke in Neurocritical Care Unit 

Archives of Health Science                                                                                                                              17 

[103] Adams RJ. TCD in sickle cell disease: An 
important and useful test. PediatrRadiol 
2005;35:229‐34. 

[104] Werner C, Engelhard K. Pathophysiology 
of traumatic brain injury. Br J Anaesth 
2007;99:4‐9. 

[105] Martin NA, Patwardhan RV, Alexander MJ, 
Africk CZ, Lee JH, Shalmon E, et al. 

Characterization of cerebral hemodynamic 
phases following severe head trauma: 
Hypoperfusion, hyperemia, and 
vasospasm. J Neurosurg 1997;87:9‐19. 

[106] Jaggi JL, Obrist WD, Gennarelli TA, Langfitt 
TW. Relationship of early cerebral blood 
flow and metabolism to outcome in acute 
head injury. J Neurosurg 1990;72:176‐82. 

 

Citation: Dr. Nasir Mustafa, (2020), “Transcranial Doppler Sonography for Detecting 
Stenosis or Occlusion of Intracranial Arteries in People with Acute Ischemic Stroke in 
Neurocritical Care Unit”, Arch Health Sci; 4(1): 1-17. 

 

DOI: 10.31829/2641-7456/ahs2020-4(1)-129 

 

Copyright: © 2020 Dr. Nasir Mustafa. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are 
credited. 


