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Cerebral vasomotor reactivity predicts the
development of acute stroke in patients with
internal carotid artery stenosis

Keju Ju, Lingling Zhong, Xiaoyu Ni, Hua Cao, Guanliang Cheng,
Lianshu Ding *

Department of Neurology, Huai'an First People's Hospital, Nanjing Medical University, 6 Beijing Road West, Huai'an
223300, China

1. Introduction

Carotid stenosis is a progressive narrowing of carotid artery
due to the buildup of plaque (atherosclerosis) inside the artery

that reduces blood flow to the brain. Carotid artery stenosis
increases the risk of atherosclerotic stroke because of plaque
deposits. In recent years, more surgical interventions of
internal carotid artery stenosis have been reported. Among
them, internal carotid artery endarterectomy and stenting are
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Objective: To investigate the relationship between cerebral vasomotor reactivity (VMR) and

acute stroke in patients with internal carotid artery stenosis.

Methods: 54 patients with internal carotid artery stenosis were enrolled. VMR was calculated

by transcranial Doppler monitoring of the velocity of blood flow. 3-Dimensional dynamic

contrast enhanced magnetic resonance angiography was used to detect stenosis, and

diffusion weighted imaging was used to detect infarction.

Results: VMR value was significantly lower in patients with carotid artery stenosis than in

control group (T = 3.112, P = 0.002), and significantly lower in patients with aortic athero-

sclerotic stroke than in non-infarct group (T = 10.930, P = 0.000). However, VMR value was

significantly higher in patients with new-onset small-artery occlusion stroke than in non-

infarction group (T = �2.538, P = 0.013). Scatter plots showed that aortic atherosclerotic

stroke occurred mainly in patients with severe internal carotid artery stenosis, and VMR

value in cerebral artery significantly decreased.

Conclusion: Decreased VMR value is an important prognostic factor for the occurrence of

aortic atherosclerotic stroke, and can be used as a reference for preoperative hemodynamic

evaluation in patients with internal carotid artery stenosis.
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the two main methods which significantly improve the
prognosis of patients with internal carotid artery stenosis
[1,2]. Currently, the main criteria for the selection of
intervention or surgical treatment is the judgment of stenosis
extent by imaging. Unfortunately, many patient with severe
stenosis or even occlusion may not have clinical symptoms.

At present, the detection of cerebral blood flow can be
carried out by single photon emission computed tomography
(PET-CT), isotope perfusion imaging (SPECT), CT perfusion
imaging (CTP), and magnetic resonance perfusion imaging
(PWI), DSA angiography, and transcranial Doppler (TCD).
Cerebral vasomotor reactivity (VMR) test is a method to detect
the changes in cerebral blood flow velocity with changes in
CO2 partial pressure in vivo by TCD. VMR can reflect
cerebrovascular reserve (CVR), indirectly reflect collateral
circulation compensation, and provide a new evaluation
criterion for the selection of surgery or intervention [3].
Currently, the relationship between VMR and the develop-
ment of acute stroke in patients with internal carotid artery
stenosis has been investigated but the reported data are
controversial.

This study aimed to investigate the relationship between
cerebral VMR and acute stroke in patients with internal carotid
artery stenosis.

2. Subjects and methods

2.1. Patients

This study enrolled 54 patients hospitalized from March 2016
to November 2016, involving 107 carotid arteries (one case had
no temporal window on one side). Among them, 25 cases were
acute infarction, 3 cases were transient ischemic attack, 3
cases were cardiogenic cerebral embolism, 23 cases were
dizziness, headache and other diseases. There were 33 males
and 21 females, with an average age of 59.50 � 12.66 years. The
study was approved by Institute Ethics Committee and all
patients provided informed consent.

2.2. VMR measurement

VMR was measured using Viasys sonar Digital TCD. Two
Doppler 2 MHz probes were fastened to the head over the
temporal window, and the ipsilateral middle cerebral artery
was chosen as the target vessel. The middle cerebral artery
was further identified by compression neck test. The mean
velocity (Vm) in normocapnia (Vm Normo) and in hypercapnia
(Vm Hyper) was determined and Vm change curve was drawn.
VMR was calculated as follows: (Vm hyper � Vm normo)/Vm

normo) � 100%.

2.3. Detection of vascular stenosis

3-Dimensional dynamic contrast enhanced magnetic reso-
nance angiography (3D DCE-MRA) was used to detect vascular
stenosis. The stenosis rate of the blood vessel was calculated
as (the diameter of the stenotic distal normal blood
vessel � the diameter of the stenosis)/the diameter of the
stenotic distal normal blood vessel) � 100%. For patients with
multiple stenosis, the most severe stenosis part was defined as
the stenosis rate of the blood vessel. According to the presence
of stenosis, the patients were divided into carotid artery
stenosis group and non-stenosis group, and the difference in
VMR between the two groups was compared.

2.4. The classifications of acute infarction

All patients underwent craniocerebral MRI within three days
of admission. The presence of acute infarction was deter-
mined based on the detection of high signal by carotid artery
diffusion-weighted imaging (DWI). Based on clinical history,
the symptoms of patients and the imaging, the patients were
divided into: no cerebral infarction (NCI), large artery athero-
sclerosis-no artery embolism (LA-NE), large artery atheroscle-
rosis-artery embolism (LA-E), small artery occlusion lacunar
(SA), cardio embolism and other (CE). The differences in VMR
among different types of acute infarct and non-infarct groups
were compared.

2.5. Statistical analysis

All data were analyzed using SPSS Statistics 17.0 software. T-
test was used to compare VMR values among different groups,
and the scatter plot was drawn. P < 0.05 indicated significant
difference.

3. Results

VMR value was significantly lower in patients with carotid
artery stenosis than in control group (T = 3.112, P = 0.002), the
difference was statistically significant (Table 1). Comparison of
corresponding arterial areas in different types of fresh infarcts
with non-infarction showed that VMR value was significantly
lower in patients with atherosclerotic stroke than in those
without infarction (T = 10.930, P = 0.000). However, VMR value
was significantly higher in patients with new-onset small
artery occlusion stroke than in non-infarction group
(T = �2.538, P = 0.013). There was no significant difference in
VMR of arterial–arterial embolism group and cardiogenic
cerebral embolism group, compared to non-infarction group
(Table 2).

Table 1 – Comparison of VMR in carotid artery stenosis and non-stenotic vessels.

N Mean Standard deviation T P

Non-carotid artery stenosis 59 0.579 0.210 3.112 0.002
Carotid artery stenosis 48 0.433 0.264
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