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Abstract: Objective  Cerebral autoregulation (CA) is the mechanism by which constant cerebral blood flow is
maintained despite changes in cerebral perfusion pressure. CA can be evaluated by dynamic monitoring of cerebral
blood flow velocity (CBFV) with transcranial Doppler sonography (TCD). The present study aimed to explore CA in
chronic anxiety. Methods  Subjects with Hamilton anxiety scale scores >14 were enrolled and the dynamic changes
of CBFV in response to an orthostatic challenge were investigated using TCD. Results  In both the anxious and the
healthy subjects, the mean CBFV was significantly lower in the upright position than when supine. However, the CBFV
changes from supine to upright differed between the anxious and the healthy groups. Anxious subjects showed more
pronounced decreases in CBFV with abrupt standing. Conclusion Our results indicate that cerebrovascular modulation
is compromised in chronic anxiety; anxious subjects have some insufficiency in maintaining cerebral perfusion after pos-
tural change. Given the fact that anxiety and impaired CA are associated with cardiovascular disease, early ascertainment
of compromised cerebrovascular modulation using TCD might suggest interventional therapies in the anxious population,

and improve the primary prevention of cardiovascular disease.
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1 Introduction Yeragani et al. found significantly decreased vagal

. . . and increased sympathetic activity, decreased arterial
Cerebral autoregulation (CA) is the mechanism by . i .
. . L . compliance and possible atherosclerotic changes, and
which constant cerebral blood flow is maintained despite ) ] ] o
. . . increased blood pressure in patients with anxiety™. Short-
changes in cerebral perfusion pressure. Cardiovascular

dysautonomia is common in patients with anxiety!"?. term cardiovascular responses to the postural change from

sitting to standing involve complex interactions between
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vessels and CA in both physiological states and pathologi-
cal conditions'*. Dynamic monitoring of cerebral blood
flow velocity (CBFV) with TCD can reveal the status of
CA after an orthostatic challenge"™*.

In our previous clinical practice, we observed signifi-
cant decreases in CBF after active standing in 7 of 10 anx-
ious patients'”. Orthostatic hypotension, which refers to an
insufficiency in regulating blood pressure even to a sub-
syndromal degree in response to an orthostatic challenge,
has been reported in anxiety-like disorders™. In the present
study, we assessed cerebrovascular modulation in chronic

anxiety, as measured by the TCD CBFV curve.
2 Subjects and methods

2.1 Participants Twenty-five consecutive patients
with chronic anxiety [Hamilton anxiety scale (HAMA)
score >14] recruited in the outpatient unit, Department
of Neurology, the First Hospital of Jilin University,
from July 2010 to December 2010, participated in this
study. “Chronic” was defined as having typical anxiety
symptoms for >3 months. Enrolled subjects were
otherwise healthy, with no ascertained disorders in the
nervous, cardiovascular or respiratory systems. Subjects
denied exposure to psychotropic or vasoactive medications
within one month before screening. Subjects with stenotic
intracranial or extracranial arteries diagnosed with TCD
(EMS-9, Delica, China) and carotid ultrasound (IU22,
Phillips, Andover, MA) were excluded. Twenty-five age-
and sex-matched medically and psychiatrically healthy
volunteers (HAMA score <6) were recruited as controls
from healthy individuals undergoing routine health
examination in our department. Informed consent was
given by all participants. The clinical workup consisted
of a thorough physical examination, electrocardiography,
laboratory tests including liver and kidney function tests
and hematology profile, and a cranial CT scan. Mental
health status was evaluated by two unbiased clinical
psychiatrists. Cognitive impairment was assessed with the
Mini-Mental State Examination.

2.2 TCD protocol The TCD (MultiDop X4, DWL,
Sipplinghen, Germany) protocol basically accorded with

that described previously”. Briefly, the mean CBFV
in the unilateral or bilateral middle cerebral artery at a
depth of 50—60 mm was recorded with a 2-MHz probe
through the temporal window, and the mean CBFV was
obtained directly from the built-in software. The real-time
blood flow spectrum was recorded simultaneously. Blood
pressure was measured with a manual sphygmomanometer
in the supine position and 2 min after standing. The pulse
pressure was calculated from the difference between the
systolic and diastolic pressures. The mean arterial pressure
(MBP) was calculated according to the formula: MBP =
diastolic pressure + 1/3 pulse pressure. The CBFV curve
was dynamically recorded from the supine position (for 3
min) to the upright position (for 2 min), then to the supine
position (for another 3 min). The whole protocol was
completed within 15 min.

2.3 Statistics Data are presented as mean = SEM. The
statistical program for social sciences 12.0 (SPSS, IBM,
West Grove, PA) was used for all data. Student’s z-test
or the Mann-Whitney U test was used to compare values
between groups. All tests were two-tailed, and the level of

significance was set to P <0.05.
3 Results

3.1 Demographic information A total of 25 consecutive
patients with chronic anxiety (HAMA score, 19.7 £ 5.2;
age, 46 £ 14 years; 2 males and 23 females) were enrolled
in the study. Twenty-five age- and sex-matched medically
and psychiatrically healthy volunteers (HAMA score, 3.8 +
1.7; age, 46 + 15 years; 6 males and 19 females) served as
controls. The demographic features of the participants are
listed in Table 1. MBP values did not differ between the
supine and upright positions in both groups (P >0.05).

3.2 TCD findings The typical CBFV curves of healthy
controls had two high plateau sections and one intermedi-
ate lower plateau section. When a healthy subject stood
abruptly, the CBFV curve descended sharply to a lower
level, followed by a rapid rebound to the same level as the
supine baseline curve or even higher, forming a peak, and
then descended and was maintained at a lower level than

the supine baseline. The lower section of the curve was
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Table 1. Demographic features and TCD data

Anxiety group Control group
Subjects S ex Age(years)H scoreC  BFV(cm/s)M  BP(mm/Hg)S ex Age(years)H scoreC BFV(cm/s)M  BP( mm/Hg)
(supine/upright) (supine/upright) (supine/upright) (supine/upright)
1 M 46 23 79/68 110/109 F 53 3 75/78 87/89
2 F 50 20 51/35 87/88 F 68 5 37/33 87/86
3 F 62 14 73/76 114/107 M 5 5 50/53 85/86
4 F 61 18 65/50 92/85 F 52 2 75/77 109/100
5 F 21 16 63/63 77/81 M 42 6 52/49 93/93
6 F 78 16 42/38 91/74 F 29 2 79/71 81/90
7 F 54 29 60/53 92/91 F 30 3 59/63 77/83
8 F 47 32 50/30 93/83 F 35 1 75/70 89/89
9 F 66 15 59/54 93/90 F 31 3 65/68 88/92
10 F 47 20 60/52 95/90 F 70 4 70/67 86/78
11 F 46 14 50/48 84/80 F 50 4 77/73 83/87
12 F 44 20 74/59 90/87 F 25 6 55/47 91/87
13 F 36 15 76/68 82/90 F 36 6 45/50 99/100
14 F 54 17 43/25 78/80 F 23 1 79/74 77/73
15 F 39 18 53/50 91/93 F 70 5 51/47 85/80
16 M 54 19 52/48 92/88 F 57 4 75/71 93/97
17 F 25 19 76/48 76/78 M 55 5 46/38 107/115
18 F 22 20 71/59 97/99 F 28 2 78/73 95/90
19 F 38 30 71/53 73/73 F 50 4 69/63 105/97
20 F 27 22 77/45 91/93 F 50 1 40/37 87/87
21 F 42 18 55/43 98/97 F 61 2 44/41 83/89
22 F 56 18 78/66 88/91 M 58 5 48/40 88/89
23 F 54 29 50/36 83/92 M 48 5 50/40 95/100
24 F 42 14 53/50 83/99 M 53 6 60/55 96/87
25 F 50 16 76/80 89/93 F 20 4 39/35 73/70

CBFYV, mean cerebral blood flow velocity; F: female; H score, Hamilton anxiety scale score; M: male; MBP, mean arterial blood pressure.

more pronounced in the anxiety group than in the control
group (Fig. 1).

The mean CBFV values from the anxiety versus con-
trol groups in the supine and upright positions are listed in
Table 1. The baseline supine and orthostatic CBFV values
did not differ between the anxiety and the healthy groups
(62.28 £ 11.96 cm/s versus 59.72 + 14.44 cm/s, P >0.05;
51.88 £13.60 cm/s versus 56.52 = 15.11 cm/s, P >0.05). In
both groups, the mean CBFV was lower in the upright than

in the supine position (both P <0.01, Fig. 2). However, the
CBFV changes from supine to upright position differed be-
tween the two groups. The anxiety group displayed more
marked CBFV changes than the control group (10.40 & 8.87
cm/s versus 3.20 £ 4.20 cm/s, P <0.01, Fig. 3).

4 Discussion

Our cross-sectional study revealed that the dynamic

CBFYV curve, an index of cardiocerebrovascular modu-
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Fig. 1. Distinctive CBFV curves in healthy control (purple curve) and anxious (red curve) subjects. The curve was dynamically recorded by TCD from

the supine position (for 3 min) to the upright position (for 2 min), then to the supine position (for 3 min). The typical curve of healthy control

was formed by two high plateau sections and one intermediate lower plateau section (curve A). When a subject stood abruptly, the CBFV curve

descended sharply to a lower level, followed by a rapid rebound to the same level as the supine baseline curve or even higher, forming a peak, and

then descended and was maintained to a lower level than the supine baseline. The lower section of the curve was more pronounced in the anxiety

group (curve B) than in the control group (curve A).
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Fig. 2. CBFYV values in supine and upright positions in control and anxiety
groups. The baseline supine CBFV values did not differ between
the healthy and anxiety groups (P >0.05). In both groups, the mean
CBFYV was lower in the upright than in the supine position (both
*P <0.01).

lation, was compromised in chronic anxiety. The curve
changed with active standing and the mean CBFV values
were significantly reduced in the upright position compared
with the supine position, with a more marked change in
subjects with anxiety. Our preliminary results indicate that
the CBFV curve has specific features in anxiety. On one

hand, the curve seems promising in screening for anxiety
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Fig. 3. Changes of CBFV values in response to orthostatic challenge. The
CBFYV curve was dynamically recorded by TCD from the supine
position (for 3 min) to the upright position (for 2 min), then to the
supine position (for 3 min). The CBFV changes from supine to up-
right differed between the two groups. The anxiety group displayed
greater CBFV changes than the control group (P <0.01).

disorders in clinical practice. On the other hand, rapid
identification of compromised CA in anxiety with TCD
may suggest targeted treatment in clinical settings. The
characteristic CBFV curve may help to make a diagnosis
of anxiety.

This study is not the first to report cardiovascular
dysautonomias in anxiety disorders. But we, for the

first time, used dynamic CBFV monitoring to evaluate
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cerebrovascular modulation in chronic anxiety. Cardio-
cerebrovascular responses to postural change from supine
to standing involve complex interactions to maintain ce-
rebral perfusion. Although the underlying mechanisms
are not fully understood"’, two mechanisms might be
involved: (1) autonomic regulation mediated by sympa-
thetic and parasympathetic responses, which regulates
heart rate, cardiac contractility, resistance and compliance,
and (2) CA responses to local changes of myogenic tone,
metabolic demand and CO, concentration, which affect
cerebrovascular resistance”. Cardiovascular dysautonomia
may also cause blood pressure changes in response to an
orthostatic challenge, hence leading to CBFV changes. We
thus measured blood pressure, to adjust for its confounding
property. We found that MBP did not differ between the
supine and upright positions in both groups. Therefore,
we ascribe the findings in the anxious population to
cardiovascular dysautonomia and localized it to the brain,
rather than the whole cardiovascular system.

Upon abrupt postural change, cardiocerebrovascular
modulation helps to maintain a constant cerebral blood
flow in healthy people, whereas anxious people seem to
have some insufficiency in maintaining cerebral perfusion
after postural change; the autoregulation in response to
local changes of myogenic tone, metabolic demand and
CO, concentration in the brain might be compromised in
anxiety.

During the past decades, several paradigms have been
developed to study dynamic CA by measuring CBFV with
TCD in response to postural changes. CA is often severely
disturbed in occlusive carotid artery disease. Impaired CA
is an important risk factor for stroke or transient ischemic
attack in patients with symptomatic or asymptomatic ca-
rotid artery stenosis or occlusion'”. There appears to be a
link between impaired cerebrovascular reactivity and a risk
of ischemic events ipsilateral to severe asymptomatic ca-
rotid stenosis"""). Severely reduced CA predicts the risk of
ipsilateral stroke and transient ischemic attack in patients
with carotid occlusion, and to a lesser extent in asymptom-
atic carotid stenosis"”. CA in patients with carotid stenosis

is reduced compared with controls and improves signifi-

cantly after carotid endarterectomy'"’.

Symptoms of anxiety and depression are independent
predictors of cardiovascular events''*. The implications of
comorbidity between anxiety and cardiovascular disease
include higher morbidity, functional deficits, increased
cardiovascular risk, and poor adherence to cardiac re-
habilitation or exercise programs'”. A study performed
in a psychiatric hospital showed that those suffering
from anxiety had a mortality rate for cardiovascular
causes that was double than expected compared with
non-anxious patients of the same age group, gender and
time of hospitalization"”. The presence of anxiety is an
independent risk factor for cardiovascular disease, as
a trigger either for acute myocardial infarction or for
morbidity/mortality from cardiovascular causes"”'. The
underlying mechanisms of the increased risk in patients
with anxiety remain largely unknown'”. Our findings
indicate that anxiety leads to impairment of CA, hence
conferring an increased risk for cardiovascular disease.
Since the diagnosis of anxiety disorders is primarily
dependent on symptoms, subjective bias cannot be ruled
out in clinical practice. The compromised cerebrovascular
modulation as detected in the present study highlights
the importance of objective measures such as CBFV by
TCD in the diagnosis of anxiety disorders. Nevertheless,
early ascertainment of CA impairment might suggest
intervention therapies in anxious population, so as to
improve the primary prevention of cardiovascular disease.
In addition, in our latest studies, we found that the CBFV
curve returns to normal after anxiolytic therapy (such as
Flupentixol and Melitracen)™”. Further studies are ongoing
to explore the effects of anti-anxiety medications.

However, the small sample size is a limitation of our
study. Besides, the association of the altered CBFV curve
with anxiety does not necessarily mean causation. More-
over, the anxious subjects in our study were recruited in
the Department of Neurology. This selection bias may pos-
sibly challenge the generalizability of our findings.

In summary, dynamic monitoring of the CBFV curve
from the middle cerebral artery showed that cerebrovascu-

lar modulation is impaired in chronic anxiety. The altered
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CBFV curve might be a characteristic change in anxiety.
Further studies are needed to explore the causal relations
between CBFV curve and anxiety, the specificity and sen-
sitivity of CBFV changes in anxiety, and the potential of

the CBFV curve in the diagnosis of anxiety disorders.
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