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Background: It has been recognized a close relationship between multiple sclerosis (MS) lesions and the 
cerebral vasculature. In this study, we observed cerebrovascular vasomotor reactivity difference between 
the MS patients and the non‑MS migraine individuals.
Materials and Methods: This prospective study was conducted on 40 patients with MS referring to 
Neurology Clinic of Isfahan Al‑Zahra Hospital in 2012. The patients were compared with the same number 
of non‑MS migraine individuals. Both groups had white matter lesions in brain magnetic resonance 
imaging. To evaluate the rate of cerebral artery vasomotor reactivity, transcranial Doppler device was 
used, and breath‑holding index (BHI) was separately calculated for each middle cerebral artery. Main 
flow velocity (MFV) was determined by continuously recording of a period of 5 min of breathing the air 
in the room. The obtained data were analyzed using SPSS software version 18 and t‑test, Chi‑square and 
analysis of variance tests.
Results: The mean values of MFV at rest was not significantly different between cases and control groups 
(46.21 ± 4.20 vs. 44.69 ± 4.34, P = 0.115) but difference between cases and control groups in MFV apnea 
was significant (59.11 ± 5.10 vs. 55.35 ± 6.03, P = 0.004). BHI in the control group was 0.79 ± 0.26 
and in the case group was 0.93 ± 0.20 and these differences was found to be significant (P < 0.05).
Conclusion: The mean of BHI and cerebral vasomotor reactivity in MS patients was more than the non‑MS 
migraine individuals, although the mechanism of this process still remains unknown.
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Abstract

Vasomotor reactivity comparison in multiple sclerosis 
patients with white matter lesions and nonmultiple sclerosis 
subjects with white matter lesions in brain magnetic 
resonance imaging
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Original Article

INTRODUCTION

Multiple sclerosis (MS) is primarily considered as 
an inflammatory demyelinating disease; however 
the role of the vasculature in MS pathogenesis has 
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received much interest. MS lesions often develop 
along blood vessels and alterations in blood brain 
barrier structure and function which in association 
with changes in the basement membrane, are 
pathological features.[1]
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A close relationship between MS lesions and the 
cerebral vasculature has been recognized for a 
long time and some studies have been revealed 
that vascular endothelial cell activation can be an 
early event in MS evolution, and demyelination 
may have an ischemic basis in this condition. 
Breath holding (BH) results in hypoxia caused 
by bin autoregulatory vasodilatation, and an 
increase in cerebral blood flow (CBF) to the cortex. 
The increased (CBF) can be evaluated by brain 
magnetic resonance imaging (MRI), and can provide 
information about the vascular integrity.[2]

Cerebral vasoreactivity assessment can provide 
information regarding the reserve capacity of cerebral 
circulation, which its reduction has been found in 
association with situations predisposing one toward 
cerebrovascular disease.[3]

During the changes in CO2 concentration, the 
relationship between flow velocity and volume flow 
within a large cerebral artery is linear showing that 
the CO2 level does not affect directly on the diameter of 
large proximal arterial segments. Cerebral vasomotor 
reactivity can be easily studied by measuring the 
flow velocity changes in response to vasodilatory 
stimuli such as CO2 inhalation, breath holding or 
acetazolamide administration. Cerebral vasoreactivity 
assessment can provide information regarding the 
reserve capacity of cerebral circulation as the possible 
response of vessels to adapt with systemic modification 
or brain metabolic activity in the need of increasing 
or decreasing the CBF. Reduction of this property 
has been showed in association with situations 
predisposing one toward cerebrovascular disease. It is 
possible that vasomotor reserve become exhausted if 
the resistance vessels of brain areas with low perfusion 
pressure be already maximally dilated. In this state, 
the resistance vessels are refractory to any further 
vasodilatory stimuli.[4‑7]

As the pathological differences underlying the clinical 
disease phases in MS have been poorly characterized 
and there are a few studies about the vasomotor 
reactivity of cerebral vessels in MS patients in this 
study, we aimed to examine the vascular integrity 
and assess the vasomotor reactivity of MS patients in 
response to BH in comparison with non‑MS migraine 
patients by means of MRI. The migraine patients 
have been selected because of similar white matter 
lesions with MS patients, and we want to assess the 
possibility of considering breath‑holding index (BHI) 
as a differential diagnosis factor of MS. According to 
our knowledge, there has been no study in this issue 
and it can open a new window to this field.

MATERIALS AND METHODS

This prospective study was conducted on 40 patients 
with MS referring to Neurology Clinic of Isfahan 
Al‑Zahra Hospital from the beginning of 2012. The 
patients were compared with the same number of 
non‑MS individuals with migraine as the control 
group. There were white matter lesions in both 
groups. After obtaining written consent undergoing 
biography and physical examination, patients with 
MS suffering from central nervous system (CNS) 
Vasculitis and patients with MS who were eligible 
to enter the study were evaluated in terms of blood 
pressure and hyperlipidemia and then evaluated using 
Doppler transcranial sonography with regard to the 
rate of middle cerebral artery (MCA) blood flow. All 
the patients were matched in disease characteristics 
such as duration of disease, type of disease, expanded 
disability status score, type of treatment and 
presenting symptoms. The control group was selected 
in a way that they were similar to the study group 
in terms of age and sex. Inclusion criteria were 
patients with MS whose disease were confirmed, age 
over 18 years old and no previous brain injury such 
as the history of trauma to the brain or injury in the 
brain arteries.

Patients unwilling to continue their participation 
in the study, with the history of previous stroke, 
with diabetes mellitus, smoking more than one pack 
per year, congestive heart failures (CHF), chronic 
obstructive pulmonary, cerebrovascular diseases, 
transient ischemic attack, carotid artery occlusion 
more than 30% and intracranial obstruction approved 
by transcranial Doppler (TCD), hematological 
diseases or cancer and patients treated with hormonal 
drugs, beta‑blockers, calcium channel blockers, 
anticoagulants, and vessel dilator drugs were excluded 
from the study.

Furthermore, the control group, was selected in the 
way similar to the study group in terms of age and sex 
and those who had white matter lesions in their brain 
MRI and did not suffer from MS. To evaluate the rate 
of cerebral artery vasomotor reactivity, TCD device 
was put on 20% to 35% and the depth of signal was set 
on 40–45 and activity was determined by calculating 
BHI as follows.

BHI was separately calculated for each MCA. Main 
flow velocity (MFV) was determined by continuously 
recording of a period of 5 min of breathing the air in 
the room. After a period of 30 s of BH, MFV was again 
determined. To do BH, Capnogram was used, and 
pCO2 reached 60 cm Hg.
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To determine the relationship between cerebral 
artery vasomotor reactivity and other factors of the 
study objectives, the MRI of the patients’ brain was 
used.

In this study, Z1 as the confidence coefficient was 
95%, that is, 1.96 and Z2 as the test power coefficient 
was 0.80 that is, 0.84 and the significant level was 
considered as 0.5. The obtained data were analyzed 
using  SPSS software (version 18.0; SPSS Inc., 
Chicago, USA). and t‑test, Chi‑square and analysis 
of variance (ANOVA) tests.

RESULTS

In this study, 40 patients with MS and white matter 
lesions in brain MRI were compared with the same 
number of non‑MS with migraine and also white 
matter lesions in brain MRI. The case group of this 
study (patients with MS and white matter lesion 
in brain MRI) were included 28 females (70%) and 
12 (30%) males and the control group (non‑MS patients 
with migraine and also white matter lesion in brain 
MRI) were included 26 females (65%) and 14 (35%) 
males; also the mean age patients in the case group 
were 33.35 ± 7.01 years and in the control group was 
36.43 ± 7.16 years.

There was no statistically significant difference 
between the groups in terms of age and sex. In other 
words, the two groups were matched for age and 
sex (P > 0.05) [Table 1].

Results of analysis the distribution of MFV at rest 
and 30s apnea and BHI with Kolmogorov–Smirnov 
Z‑test showed that all three variables follow a normal 
distribution (P > 0.05) and, therefore, parametric tests 
were used in this study [Figure 1].

The mean MFV at rest in the case group were 
46.67 ± 5.62 and 46.02 ± 3.53 in males and females, 
respectively and in the control group were 44.41 ± 4.06 
in males and 58.74 ± 4.68 in females. The mean MFV 
at 30 s apnea in the case group were 59.96 ± 6.10 and 
46.02 ± 3.53 in males and females, respectively and 
in the control group were 55.48 ± 5.34 in males and 
55.28 ± 6.47 in females. The mean BHI in males and 
in females in the case group were 0.92 ± 0.21 and 
0.96 ± 0.18, respectively and in the control group were 
0.83 ± 0.12 and 0.78 ± 0.31 in males and females, 
respectively.

These differences in both groups in terms of 
sex factor was not statistically significant using 
t‑test (independent sample t‑test) (P > 0.05), also 
the mean MFV at rest and 30s apnea and BHI in 
each of the two groups in terms of age groups using 
ANOVA was not significant difference between 
groups (P > 0.05) [Table 2 and Figure 2].

The mean values of MFV at rest was not significantly 
different between cases and control groups 
(46.21 ± 4.20 vs. 44.69 ± 4.34, P = 0.115), but difference 

Table 1: The consistency between the two groups in terms of 
gender and age
Groups Age

Mean SD P
Case 33.35 7.01 0.060
Control 36.43 7.16

Sex
Female (%) Male (%) P

Case 28 (70) 12 (30) 0.406
Control 26 (65) 14 (35)
These differences in both groups in terms of sex factor was not statistically significant 
using t‑test (independent sample t‑test) (P>0.05), also the mean MFV at rest and 30s 
apnea and BHI in each of the two groups in terms of age groups using ANOVA was 
not significant difference between groups (P>0.05) [Table 2 and Figure 2]

Figure 1: Breath holding index histogram for each of the two study groups
Figure 2: Scatter diagram of breath holding index means in terms of 
age in the case and control groups
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between cases and control groups in MFV apnea was 
significant (59.11 ± 5.10 vs. 55.35 ± 6.03, P = 0.004).

Cerebral artery vasomotor reactivity BHI in the 
control group was 0.79 ± 0.26 and in the case group 
was 0.93 ± 0.20 and these differences was found to 
be significant (P < 0.05) using t‑test (independent 
sample t‑test) [Table 3 and Figure 3]. In other words, 

the mean of BHI in MS patients was more than the 
non‑MS patients.

DISCUSSION

MS is believed to be an immune‑mediated 
neurodegenerative disorder of the CNS which usually 
affects younger adults. The causes and cure for MS 
remain elusive. The three prevailing concepts on the 
pathogenesis of MS include viral, immunological, and 
vascular hypotheses.[1]

Patients with MS have global cerebral hypoperfusion 
and widespread decrease  in  perfusion in 
normal‑appearing white matter and grey matter in 
MS seems might be a result of reduced axonal activity, 
reduced astrocyte energy metabolism, and perhaps 
increased blood concentrations of endothelin‑1. The 
underlying mechanism vascular dysfunction have 
been described in MS is unknown, but might involve 
endothelial dysfunction secondary to inflammatory 
disease activity.[2]

Several studies have shown that endothelial function 
may have a role to the incidence of neural events in 
MS.[3,4]

Study of  Alexander et al.[8] showed that MS as a 
neuroinflammatory disease with a significant vascular 
component and emphasized the role of cerebral 
endothelial cell dysfunction in the pathogenesis of 
this progressive CNS disorder.[5] Some studies have 
proposed that the activation of vascular endothelial 
cells might be an early event in the demyelination 
process in MS, and it may have an ischemic basis in 
the evolution of MS.[6]

CBF is regulated by changing in arterioles resistance[6,8] 
that is, with their dilatation and constriction. 

Table 2: Comparing MFV at rest and 30 s apnea and BHI in 
terms of age and sex in each of the case and control groups
Groups Variable Mean±SD P
Case MFV rest

Male (n=12) 46.67±5.62 0.658
Female (n=28) 46.01±3.53

MFV apnea
Male (n=12) 59.96±6.10 0.496
Female (n=28) 58.74±4.68

BHI
Male (n=12) 0.96±0.18 0.611
Female (n=28) 0.92±0.21

MFV rest
≤30 years (n=14) 47.08±5.08 0.344
Above 30 years (n=26) 45.74±3.66

MFV apnea
≤30 years (n=14) 59.61±6.54 0.653
Above 30 years (n=26) 58.84±4.26

BHI
≤30 years (n=14) 0.89±0.19 0.295
Above 30 years (n=26) 0.96±0.20

Control MFV rest
Male (n=14) 44.41±4.06 0.768
Female (n=26) 44.84±4.55

MFV apnea
Male (n=14) 55.48±5.34 0.924
Female (n=26) 55.28±6.47

BHI
Male (n=14) 0.83±0.12 0.586
Female (n=26) 0.78±0.31

MFV rest
≤30 years (n=9) 44.32±5.05 0.780
Above 30 years (n=31) 44.79±4.19

MFV apnea
≤30 years (n=9) 55.06±4.99 0.875
Above 30 years (n=31) 55.43±6.37

BHI
≤30 years (n=9) 0.82±0.23 0.761
Above 30 years (n=31) 0.79±0.27

MFV: Main flow velocity, BHI: Breath holding index, SD: Standard deviation

Table 3: Comparing the means of MFV at rest and 30 s apnea 
and BHI in the two study groups
Variable Case Control P
MFV rest 46.21±4.20 44.69±4.34 0.115
MFV apnea 59.11±5.10 55.35±6.03 0.004
BHI 0.93±0.20 0.79±0.26 0.011
MFV: Main flow velocity, BHI: Breath holding index

Figure 3: Box plot diagram of breath holding index in the two study 
groups
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Vasomotor reactivity can help the cerebral vessels 
get their maximum dilatation when a severe decrease 
in cerebral perfusion occurred and can prevent 
the brain.[9,10] Hypercapnia is the most powerful 
stimulant when the brain vessels don’t respond to any 
vasodilator stimulant.[11] Cerebrovascular reactivity is 
a hemodynamic parameter representing the increase 
in normal cerebral artery blood flow in response to a 
vasodilator stimulus such as hypercapnia.[12,13] An early 
preclinical detection of cerebrovascular complications 
in individuals with MS can help to timely treatment 
and prevention of future disabilities.

Despite the growing incidence of MS in the world and 
in Iran, few studies have evaluated cerebral vasomotor 
reactivity in patients with MS.

In study of  Uzuner et al.[14]. on 12 patients with clinically 
diagnosed MS and 11 healthy subjects (control group) 
that examined by TCD, blood flow velocities of the 
patients were recorded during 30 s of normal breathing 
and 15 s BH and vasomotor reactivity was calculated 
as a ratio of difference of cerebral flow velocities 
during BH. Results of this study showed there were 
no significant differences between the controls (55.7%) 
and the patients during attacks (46.5%) in vasomotor 
reactivity, as well as after treatment (48.3%) and 
during attack‑free periods (50.9%). There were 
also no significant changes amongst the patients 
groups throughout the study. Results of their 
study also showed that there were nonsignificant 
cerebrovascular vasomotor reactivity difference 
between the relapsing‑remitting MS patients and 
the healthy controls in different disease activity 
stages of MS, although it was slightly lower in the 
MS patients.[15]

Results of our study showed that the cerebral artery 
vasomotor reactivity measured with BHI in the MS 
patients with white matter lesion was more than 
the non‑MS migraine patients with white matter 
lesion (0.93 ± 0.20 vs. 0.79 ± 0.26) and these differences 
was significant (P < 0.05). The difference between the 
results of our study and Uzuner et al. could be due 
to controls of Uzuner et al. study that were healthy 
subjects whereas the control group in our study was 
the migraine patients. In our study, 40 patients with 
MS were compared with the same number of non‑MS 
with migraine.

In another study of Uzuner et al. the blood flow 
velocity (BFv) changes to visual stimuli was assessed 
using TCD in patients with MS during an exacerbation 
period. The study was conducted on 84 patients 
and 45 healthy subjects. Both posterior cerebral 
arteries (PCAs) were simultaneously monitored by 

TCD sonography during 10 cycles of 20 s eyes open 
observing complex moving visual images, and 20 s 
eyes closed at the end of every cycle. Mean cerebral 
BFv throughout the procedure, velocity at rest, and 
velocity at stimulation on both PCAs were significantly 
lower in patients than controls. However, BFv changes 
to visual stimulation on both sides were significantly 
higher in patients compared to controls. Results of 
their study suggested that patients with MS during 
exacerbation have more reactive vessels in the 
posterior circulation.[16]

On the other hand, in this study we evaluated the 
role of BHI as a functional parameter of impaired 
cerebrovascular reactivity (intracranial small 
vessel wall dysfunction). The BHI is a measure of 
the vasomotor reactivity of the brain, which can be 
measured with the TCD. BHI also is used to test 
subclinical atherosclerotic changes in recognizing 
patients who are at risk for developing cognitive 
impairment[14,17] and also can evaluate risk factors of 
atherosclerosis (obesity) as an independent factor for 
altered cerebrovascular reactivity.[18]

The study  Hradílek et al.[17] blood flow in the 
ophthalmic artery was assessed in acute and chronic 
optic neuritis in MS patients by color Doppler 
ultrasonography. Blood flow, vascular resistance and 
heart rate in these patients compared with normal 
subjects showed a significant difference (P < 0.05), 
but there was no difference between the two groups 
of patients.[19]

The results above studies are consistent with the 
results of the present study. Cerebral artery vasomotor 
reactivity in patients with MS was more than the 
healthy individuals.

In study of  Mousavi  et  al . [18] 289 healthy 
individuals (without hypertension, diabetes mellitus, 
obesity, smoking, CHF, coronary heart disease) 
were divided into four groups, according to age and 
sex (women >30 and men <30). After determination 
of each patient’s flow velocity of MCA by mean of a 
TCD instrument, before and after 30 s apnea, BHI was 
calculated. BHI was significantly higher in women 
than men (0.918 ± 0.40 vs. 0.637 ± 0.22; P < 0.001). 
BHI was significantly lower in older (age >30) 
women (0.812 ± 0.31) than in younger (≤30 years) 
women (0.995 ± 0.44; P < 0.001) but there was 
no significant difference between older (age >30) 
men (0.62 ± 0.23) and younger (≤30 years) 
men (0.65 ± 0.20; P > 0.05). Results of this study 
showed that the average of BHI was lower in men 
than in women in total and in all age subgroups, and 
vasomotor reactivity remains relatively constant in 
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men but decreases in women. Results of the study 
suggested that changes of cerebrovascular vasomotor 
reactivity in healthy subjects may be related to aging, 
but they are probably mainly influenced by sex.[7] 
In our study, there was no statistically significant 
difference between the groups in terms of age and sex 
because the two groups were matched for age and sex.

Study of Ozkan et al. showed significant changes in 
CBF volume with a nonsignificant increase in vascular 
reactivity after treatment with intravenous high‑dose 
methylprednisolone in patients with exacerbations of 
MS.[19]

A variety of tests were introduced to evaluate 
intracranial hemodynamics using the phenomenon 
of vasomotor reactivity, including carbon dioxide 
reactivity with TCD ultrasonography, CBF scanning 
techniques, and the BHI. Hypoxia caused by BH results 
in autoregulatory vasodilatation, and an increase in 
CBF to the cortex and it can be evaluated by TCD. 
According to the above one of the most important 
results of this study comes from further recommends 
the use of TCD is in the early stages of MS patients 
and also it can use as a differential diagnosis factor 
of MS against non‑MS migraine patients with similar 
white matter lesions in brain MRI. Because TCD is 
an available method to assessment of cerebrovascular 
reactivity and is a safe, noninvasive, and low‑cost 
technique, which neurologists utilize it for imaging 
the large intracranial vessels and it can provide 
information about the vascular integrity.[7] Also 
recommended to be performed the future studies to 
evaluate cerebrovascular reactivity in MS patients to 
help in understanding the etiology of MS.

CONCLUSION

The present results indicate that the mean of BHI 
and cerebral vasomotor reactivity in MS patients was 
more than the non‑MS migraine individuals, although 
the mechanism of this process still remains unknown. 
To elucidate the effect of age, sex, and other effective 
factors further studies with more patients may be 
needed. These studies help us to better understanding 
the disease process and its treatment.
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