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�Introduction

Reversible cerebral vasoconstriction syndrome (RCVS) and cen-
tral nervous system (CNS) vasculitis both present with focal or 
diffuse vasculopathy and intracranial stenosis. Distinguishing fea-
tures include signs and symptoms, gender predilection, etiology, 
MRI findings, treatment, and disease course. Daily transcranial 
Doppler (TCD) is well validated in the subarachnoid hemorrhage 
(SAH) population to assess proximal vessel vasospasm. In par-
ticular, MCA mean flow velocity (MFV) > 200 cm/s and basilar 
MFV > 100 cm/s represent severe spasm. Pulsatility index (PI) 
levels >1.19 may also signify distal stenosis. Thus, TCD repre-
sents a cost-effective, mobile, and non-invasive tool for repeated 
assessment of intracranial vasculopathy. Here we describe TCD 
application to RCVS and vasculitis: for diagnosis, monitoring 
during therapy, and ultimately for prognostication.
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�Literature Review

�TCD to Detect Stenosis and Occlusion

�Anterior Circulation
TCD can reliably detect stenosis in the anterior circulation includ-
ing the middle cerebral artery M1 segment and the internal carotid 
siphon in both the stroke and SAH populations (Table  1). 
Compared to angiography, TCD has an approximate sensitivity in 
the MCA of 80% to 90%, specificity of 90% to 95%, positive 
predictive value of 85%, and negative predictive value of 98% [1, 
2]. It is less reliable for the anterior cerebral arteries because of 
collateral flow patterns and shunting to the ACA contralateral to 
the spastic segment [3]. In the ACAs, sensitivity is approximately 
13% to 18% and specificity is 100%.

�Posterior Circulation
As compared to angiography, several studies have shown that 
TCD can detect stenosis and occlusion in the posterior circulation 
including the intracranial vertebral, and proximal basilar with an 
approximate sensitivity of 80% and specificity of 75% to 80% [1, 
2]. The BA/VA ratio may improve the sensitivity for basilar vaso-
spasm [4]. Given collateral flow, the sensitivity for PCA territo-
ries is poor with close to 100% specificity [3].

Table 1  TCD Criteria for Vasospasm Diagnosis

Anterior circulation
Mild VSP 100–139 cm/s LR < 3
Moderate VSP 140–200 cm/s LR 3-6
Severe VSP >200 cm/s LR > 6
Posterior circulation
Mild VSP 60–80 cm/s
Moderate VSP 80–100 cm/s
Severe VSP >100 cm/s
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�Vasospasm and SAH

TCD is much more sensitive in detecting proximal versus distal 
vasospasm [5]. Proximal vasospasm results in segmental or dif-
fuse elevations in mean flow velocities without flow velocity 
increase in the extracranial vessels.

Daily TCD examinations help identify SAH patients at risk of 
delayed cerebral ischemia. Literature in the SAH population has 
shown that mean MCA flow velocity values greater than 120 cm/s 
or greater than 200 cm/s reliably predict the presence of clinically 
significant vasospasm [1, 5–7]. For the basilar artery, mean flow 
velocity >85 cm/s or >100 cm/s predicts severe vasospasm. These 
values are affected by factors such as age, intracranial pressure 
(ICP), mean arterial blood pressure, hematocrit, arterial C02 con-
tent, and collateral flow patterns. As above, TCD is most reliable 
for detecting vasospasm in the MCA and ICA territories, and less 
so for the ACA territories and vertically oriented branches of the 
intracranial arteries distal to the basal cisterns. TCD is well vali-
dated for the detection of cerebral vasospasm (class II, level of 
evidence B) [1]. Transcranial color-coded sonography is another 
non-invasive tool that may be utilized as well [8–10]. It combines 
pulsed wave Doppler ultrasound with a cross sectional view, 
allowing identification of arteries, velocities, and direction of 
flow.

As discussed in Chapter “Transcranial Doppler in Subarachnoid 
Hemorrhage”, the ratio between the intracranial MCA and the 
extracranial carotid or the Lindegaard ratio (Vintracranial MCA/
VeICA) helps to avoid reading hyperemia as vasospasm and is 
well validated when compared to angiography [11]. Hyperemia 
results in flow elevations in MCA and ICA with LR < 3 while 
vasospasm results in elevated MCA over ICA flow with LR > 6. 
Increased pulsatility index indicates increased resistance distal to 
the site of insonation, and is a surrogate marker of distal vaso-
spasm. A similar ratio (Vbasilar artery/Vextracranial  vertebral 
artery) exists for basilar vasospasm [4].
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Gosling’s pulsatility index ((PSV-EDV)/MFV) may reflect 
vascular resistance, with proximal stenosis lowering the PI due to 
distal arterial dilatation, and distal stenosis increasing the PI (nor-
mal range 0.5–1.19) [12]. Notably, the PI is not a direct reflection 
of vascular resistance, but reflects the interplay between CPP, 
arterial pulse amplitude, compliance and other factors [13].

Additionally, diagnosis of >50% stenosis using TCD is based 
on the following criteria: (1) increased velocity through the ste-
notic segment; (2) decrease in velocity distally (post-stenotic 
dilation); (3) left versus right side differences in velocity; and 
(4) disturbances in flow such as turbulence and murmurs [14, 
15]. Absent flow at a normal position and depth, and increased 
flow in collateral vessels may signal vessel occlusion. Examples 
of collateral flow include flow reversal in ACA or MCA, flow 
reversal in the ophthalmic artery, and prominent Acomm or 
Pcomm flow.

The Stroke Prevention Trial in Sickle Cell Disease (STOP) 
trial utilized TCD to detect intracranial stenosis and stroke risk in 
children with SCD [16]. Children with Vmean >200 mc/s in the 
ICA or MCA territory were randomly assigned to standard care or 
periodic blood transfusion, with a 92% stroke risk reduction in the 
transfusion group. This study validated the use of TCD for SCD-
related intracranial stenosis in children.

TCD is well-validated in vasospasm secondary to subarach-
noid hemorrhage [6]. In this population, serial TCD is utilized to 
diagnose vasospasm, guide need for endovascular intervention, 
and monitor response to therapy.

�Hemodynamic Effects in Vasospasm

In the SAH population, vasospasm induces a decrease in vessel 
lumen diameter, which causes an increase in flow resistance. Mild 
narrowing may not cause a sufficient change to influence flow, 
and cerebral autoregulation may induce elevated arterial blood 
pressure to compensate. In moderate narrowing, the flow velocity 
will increase inversely to the change in lumen area with good cor-
relation to angiography. In severe narrowing, this relationship is 
more complicated [3]. Figure  1 shows a reliable relationship 
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Fig. 1  Aaslid R.  Transcranial Doppler assessment of cerebral vasospasm. 
European journal of ultrasound. 2002 Nov 1;16(1–2):3–10

between diameter and velocity in mild or moderate spasm (I, 
‘forward side’). II shows the ‘plateau’ where flow is reduced 
while velocity remains relatively independent of diameter. III, the 
‘backside’ shows lower velocities with additional diameter reduc-
tion with loss of cerebral autoregulation with severe narrowing. 
Given these changes, TCD velocities need to be correlated to 
angiography and clinical findings.

Cerebral autoregulation is the ability to maintain cerebral 
blood flow over a range of mean arterial pressures. Cerebral auto-
regulation may be static or dynamic depending on the variability 
in blood pressure.

Reversible Cerebral Vasoconstriction Syndrome (RCVS…
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As discussed in other chapters, the pulsatility index may be a 
surrogate marker for cerebral autoregulation. It is also related to 
ICP, with a correlation coefficient of 0.938 (p  <  0.0001) [17]. 
PI = (MCA peak systolic velocity – MCA end diastolic velocity)/ 
MCA mean flow velocity.

�RCVS

RCVS is characterized by reversible cerebral vasoconstriction of 
acute onset, often with severe “thunderclap” headache [18–21]. It 
has a female predilection with a ratio of 2-3 to 1. RCVS is often 
associated with vasoactive medications including sympathomi-
metic and serotonergic drugs, and illicit substances such as 
cocaine and methamphetamine. Endocrine and hormonal factors 
may play a role as well. Treatment is often calcium channel block-
ers such as nimodipine or verapamil.

Cortical SAH, ICH, seizures, and reversible posterior leukoen-
cephalopathy often occur within the first week with ischemic 
complications (stroke and TIA) within the second week [22]. By 
definition, stenosis improves within 4–12 weeks (Fig. 2).

Cerebral angiography may show single or multi-vessel nar-
rowing and dilation (“string and beads”) with improvement fol-
lowing intra-arterial calcium channel blockers. As compared to 
vasculitis, RCVS has a relatively normal CSF profile. While the 
gold standard for diagnosis is angiography, TCD has been used 
successfully to show improvement in the blood flow velocities 
over time, but may underestimate changes in vessel diameter in 
the acute phase [18, 23–25].

Ducros et all looked at TCD in 64 patients with RCVS with 44 
(69%) having increased arterial velocities with a mean of 
163 ± 27 cm/s in middle cerebral arteries and 148 ± 20 cm/s in 
carotid siphons. Angiography confirmed multifocal segmental 
arterial constriction. Twelve patients had serial TCD with a moder-
ate increase in velocities on first TCD (mean 6.8 days) but marked 
on the second TCD (mean 22.5 days), long after the headache had 
subsided [22]. Levin et al. also found that TCD flow velocities in 
the MCA (VMCA) reached a mean peak three to four weeks after 
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Fig. 2  (a) Catheter angiography at disease onset: multiple narrowing and 
dilatations, (b) Control catheter angiography at 3 months, (c) MRA at disease 
onset and (d) Control MRA [22]

headache onset [26]. Another case series reported bimodal peaks 
with increased velocities at days 15 and 17 [27]. Marsh et al. dem-
onstrated improvement in velocities in seven patients with RCVS, 
which correlated to initiation of a calcium channel blocker [24].

Chen et  al. utilized transcranial color-coded sonography 
(TCSS) to investigate hemodynamic changes in patients with 
RCVS [28]. They analyzed the mean flow velocity of MCA 
(VMCA), Lindegaard Index (LI), and maximum values every 
10 days over the first month and every 20 days thereafter (average 
3.9 studies per patient). They utilized vasospasm criteria for SAH 
patients with mild vasospasm as VMCA >120  cm/sec; and 
moderate-to-severe with VMCA > 200  cm/sec. Patients with 
VMCA > 120 cm/sec and LI > 3, had a greater risk of posterior 
leukoencephalopathy and ischemic strokes.

Reversible Cerebral Vasoconstriction Syndrome (RCVS…
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Topcuoglu et  al. described impaired vasomotor reactivity in 
seven of eight patients with RCVS, which highlights the impaired 
autoregulation through vasodilation in this disease [29]. Vasomotor 
reactivity may be considered as an ancillary study, but the signifi-
cance of abnormal findings remains unknown.

Thus, TCD remains a cost-effective, mobile, and noninvasive 
technology with utility for both diagnosis and therapeutic moni-
toring in RCVS. We still recommend the gold standard for initial 
diagnosis (cerebral angiography, CTA, MRA), and to determine 
disease extension and disease progression, particularly in small 
vessel vasculitides [10].

TCD offers real-time monitoring of blood flow in an intracra-
nial artery. Therefore, it represents an important, non-invasive and 
non-nephrotoxic tool to monitor intracranial stenosis associated 
with RCVS and vasculitis over extended periods. Additionally, 
assessment of stenosis over time can assist with prognostication.

�RCVS v Vasculitis

As compared to RCVS, CNS vasculitis (aka primary angiitis of 
the central nervous system [PACNS]) does not have a gender pre-
dilection, is often subacute, and CSF profile is typically abnormal 
[18]. MRI is abnormal in 90%, and often shows ischemic infarcts 
in multiple vascular territories of varying ages. Cerebral angiog-
raphy may be similar but does not show reversibility with admin-
istration of intra-arterial calcium channel blockers. Other authors 
have reported angiographic findings of “sausage on a string” in 
RCVS versus “irregular notched” appearance in vasculitis [30]. 
Findings do not typically reverse spontaneously, and treatment 
includes high-dose steroids and immunotherapy. Clinical out-
comes are typically better in RCVS.  Singhal et  al. described a 
90% discharge mRS of 0-3 in patients with RCVS as compared to 
75% with vasculitis [30]. A significantly greater number of RVCS 
patients had mRS 0-1.

Krasnianski et al. described three patients with RCVS (migraine, 
eclampsia, toxic encephalopathy), and three patients with vasculi-
tis (2 with PACNS and 1 with Crohn’s disease associated vasculi-
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tis). They found that TCD (elevated velocities) correlated to MRA 
and cerebral angiography and clinical disease course [31].

�Vasculitis

CNS vasculitis (primary angiitis of the CNS) refers to inflamma-
tion of the blood vessels of the brain, spinal cord and meninges 
[32]. Secondary causes of CNS vasculitis include infectious 
causes such as varicella zoster, large, medium and small vessel 
vasculitides, malignancy, and autoimmune diseases such as sys-
temic lupus erythematosus and sarcoidosis. It is a rare disease, 
predominantly affecting males around 50 years old, and present-
ing in an indolent or subacute way. MRI findings include ischemic 
and hemorrhagic strokes, often in multiple vascular territories and 
of varying age, subarachnoid hemorrhage, and leptomeningeal 
enhancement.

Calabrese et al. proposed diagnostic criteria for primary CNS 
vasculitis in 1988 including: 1) new neurological or psychiatric 
deficit; 2) angiographic or histopathological features of CNS arte-
riopathy; and (3) no evidence of systemic vasculitis or other mim-
ics [33]. Angiography reveals “beading” and multifocal vascular 
stenosis. The gold standard in diagnosis is pathology.

Lowe et al. performed serial TCD in two children with PACNS 
and one child with West Nile vasculitis [34]. All three girls had 
MCA infarcts, and abnormal findings on TCD (elevated peak sys-
tolic velocities over multiple examinations) which correlated with 
abnormalities in both MRA and cerebral angiography.

�TCD Findings in Vasculitis

Several studies have validated use of TCD in cerebral vasculitis 
(particularly for proximal cerebral vessels) for both diagnosis and 
disease course as compared to cerebral angiography [10, 35–37].

Gonzalez-Suarez et  al. reported TCD findings in inactive 
Antineutrophil Cytoplasmic Antibody (ANCA)-associated vascu-
litis. They found that lower mean flow velocity and lower middle 
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cerebral artery pulsatility index was related to altered SPECT per-
fusion, lower Montreal cognitive assessment test scores, and 
younger age [38].

Cantu et  al. evaluated 21 patients with Takayasu arteritis, a 
large-vessel arteriopathy [36]. They compared MRA, color 
Doppler flow imaging, and TCD with angiography. For TCD, 
temporal windows were used to evaluate the MCA, ACA, and 
PCA. The transorbital approach was used for the intracranial ICA, 
and the transoccipital approach was used for the basilar artery and 
distal vertebral arteries. Extracranial obstruction was suggested 
by dampened or blunted waveforms, slow acceleration, and 
decreased pulsatility in the MCA and basilar artery. They found 
that non-invasive techniques showed at least one abnormality in 
20 (95%) patients. In addition, MRA and color Doppler flow 
imaging highly correlated to angiography for detection of vessel 
occlusion. Interestingly, high resolution ultrasound detected com-
mon carotid wall thickening in vessels that were normal on other 
imaging studies.

Ameriso et al. also found that the systolic/diastolic ratios and 
pulsatility indexes were extremely low in a patient with Takayasu 
arteritis [37]. They also noted damping in every flow waveform 
recorded, consistent with pulseless flow in the intracranial circu-
lation.

Others have validated use of ultrasound in vasculitis as com-
pared to cerebral angiography and MRA (Figs. 3 and 4) [10, 39, 
40]. Ultrasound may show inflammatory wall thickening. In the 
case of temporal arteritis, color Doppler ultrasound shows a con-
centric, hypoechoic dark wall swelling secondary to edema; 
increased flow velocity due to stenosis (particularly with increased 
velocities proximally, turbulent waveforms with several colors 
present, and reduced velocities behind the area of stenosis [14]. 
They noted that these findings improve with corticosteroids, 
which highlights the benefit of non-invasive techniques such as 
ultrasound or transcranial Doppler for real-time monitoring of 
treatment effect. Ultimately, improvement of stenosis with treat-
ment over time can assist in prognostication.
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Fig. 3  Imaging studies of a 37-year-old man with newly diagnosed and 
untreated active Wegener’s granulomatosis with involvement of the carotid 
bifurcation and the internal carotid artery. (a) Angiography of the left carotid 
artery shows narrowing of the proximal internal carotid artery. Kinking and 
coiling of the artery occurs further distally. (b) The T1-weighted magnetic 
resonance image of the left carotid bifurcation shows a perivascular infiltrate. 
The ultrasound image in a longitudinal (c) and transverse view (d) delineates 
narrowing of the artery, hyperechoic (bright) wall thickening, and a perivas-
cular infiltrate [10]

Reversible Cerebral Vasoconstriction Syndrome (RCVS…
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Fig. 4  Ultrasound images of vasculitis. The arrows indicate inflammatory 
wall thickening. The scans are longitudinal to the course of the vessels. (a) 
Left parietal ramus in acute temporal arteritis. (b) Left subclavian artery in 
acute large-vessel giant cell arteritis. (c) Left common carotid artery in 
Takayasu’s arteritis. The right side of the image delineates a thickened artery 
wall. The distal common carotid artery (left side) is normal. (d) Isolated 
abdominal aortitis

�Suggested Protocol

Obtain a complete standard TCD, including extracranial ICA flow 
velocities to calculate the Lindegaard ratio, to establish a baseline 
after diagnosis (see Chapter “Transcranial Doppler in 
Subarachnoid Hemorrhage”: SAH and vasospasm). Repeat TCD 
studies daily, following additional treatment, or with a change in 
clinical examination.

�Technical Considerations

The examination is often done in the neurocritical care unit under 
less than optimal conditions. Audible signals from narrowed ves-
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sels are weak and a good quality headset is recommended. All 
studies should be conducted with the patients at rest with steady 
state ventilator settings (arterial CO2 content causing large artery 
dilation and arteriolar constriction), ICP, hematocrit, temperature, 
blood pressure, and mental or motor activity (neurovascular cou-
pling).

The evaluation of RCVS or vasculitis should be similar to the 
routine TCD performed for vasospasm, utilizing classic acoustic 
windows with a 2 MHz frequency ultrasound probe at previously 
recommended depths.

We recommend the highest possible PRF setting to reduce the 
risk of PRFs aliasing [3]. Musical murmurs and bruits in distal 
segments can guide the sample volume toward the highest 
velocities.

Distal vessels such as M2 should be scanned for elevated 
velocities. Given the fluctuation in flow velocities, we recommend 
at least daily assessment over a sufficient amount of time.

Obtain extracranial Doppler for a reference velocity from the 
internal carotid artery (eICA) as close as possible to the base of 
the skull. Aim the probe inferiorly or slightly posteriorly to the 
angle of the jaw, with the depth set to 40 to 50 mm.
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