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Autonomic control of blood circulation
in patients undergoing elective carotid endarterectomy

Karel Vykoupil®, Jan Galuszka?, Petr Drac®, Milos Taborsky?

Background. Internal carotid artery stenosis (ICAS) is associated with significantly higher risk of stroke. Autonomic
function can be impaired in the presence of atheroma in the carotid sinus region. Two parameters of autonomic ner-
vous system (ANS) function e.g. heart rate variability (HRV) and baroreflex sensitivity (BRS) are respected predictors of
cardiovascular prognosis. We assessed the effect of elective unilateral carotid endarterectomy (CEA) on cardiovascular
autonomic functions as a major prognostic factor for cardiovascular health.

Methods. Nineteen patients indicated for CEA underwent formal autonomic assessment in the laboratory.
Hemodynamic profiles, HRV and BRS were evaluated with the dedicated high-tech device Task Force Monitor before
surgery (day-1) and postoperatively (day 3+1). Data were obtained during 5 min orthostatic challenge and subsequent
5 min in a supine position.

Results. There were no significant early postoperative changes in evaluated parameters after CEA. There was a mild
decrease of blood pressure and therefore only a slight increase in BRS. It was also possible to observe arise in the value
of total power and high frequency power.

Conclusion. In the early postoperative period, healing processes are occurring and the sympatho-vagal interaction is
probably still unbalanced. Given the considerable clinical potential of BRS and HRV measurement, further short-term
and, more importantly, long-term investigations are needed.
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INTRODUCTION the management of the input of sympathetic and para-
sympathetic systems on the heart muscle and its conduc-
Autonomic nervous system function (ANS) dysfunc-  tion system, thus protecting it from stressful events, e.g.
tion is significant and often neglected aspect of a wide  arrhythmias. Both functions are critical’.
range of pathological conditions of both the peripheral Nowadays BRS is assessed noninvasively by obtaining
and central nervous system and many other illnesses. the heart rate variability (HRV) and BP variability (BPV)
The arterial baroreflex constantly influences the from the continuous finger arterial pressure measured by
whole body. The brain stem receives burst-like informa-  the Penaz’ principle. Because of the respiration and due to
tion of every blood pressure (BP) pulsation from afferent  the Mayer waves, there is always spontaneous BPV (ref.*).
glossopharyngeal and vagal pathways that are sensed by The spectral analysis of the heart rate variability
aortic and carotid baroreceptors. Upon each BP pulsa- (SAHRV) is considered to be a reliable method reflect-
tion, the efferent parasympathetic pathways of the reflex  ing not only parasympathetic but also sympathetic activity
transport burst-like patterns and the sympathetic part of  and the sympatho-vagal balance’*.
the reflex sends inhibitory responses’. The most frequently used parameters of SAHRV are
The heart is continuously affected by both parasympa-  low frequency power (LF power), high frequency power
thetic and sympathetic nervous systems. The baroreflex = (HF power), the ratio (LF/HF) and the total power (TP).
sends the reciprocal responses of the ANS. When BP  HRYV can be measured in a steady state [during spon-
increases, the afferent baroreflex signal intensifies causing  taneous breathing or during standardized methods with
the efferent sympathetic signal to decrease and the effer-  known influence on ANS activity e.g. Valsalva maneuver,
ent parasympathetic signal to increase. When BP lowers,  deep breathing, orthostatic test, or ortho-clinostatic test
it is the other way around. The baroreflex also constantly  (supine-vertical-supine position)] (ref.>¢).

adjusts vascular resistance in a similar way: modulating HRYV is affected by many pathological, pharmacologi-
the sympathetic responses in the whole body>. cal and physiological variables and conditions.
This buffering mechanism is one, and maybe the most Depressed HRV is a powerful predictor of mortality

relevant function of the baroreflex. The other functionis  and of arrhythmic complications (for example, symptom-
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atic sustained ventricular tachycardia) in patients after
acute myocardial infarction”.

Diminished BRS impedes adequate modulation
of baroreceptor activity, resulting in increased BPV.
Consequently, low BRS has been associated with less
favorable prognosis and long-term mortality after myo-
cardial infarction and ischemic stroke®!!.

ICAS is associated with a significantly higher risk of
ipsilateral stroke'?.

Development of the disease is accelerated by cardio-
vascular risk factors such as ageing, smoking, hypercho-
lesterolemia, obesity, diabetes mellitus, hypertension and
family history of atherosclerosis. The presence of ather-
oma in the carotid sinus region is associated with a de-
creased baroreceptor sensitivity involving an impairment
of the afferent baroreceptor activity'®. Carotid endarterec-
tomy (CEA) is considered to be superior to the medical
treatment for stroke prevention in symptomatic patients
with significant or moderate internal carotid artery ste-
nosis. In asymptomatic patients CEA can be indicated
in selected groups of patients with significant internal
carotid artery stenosis'. The surgery takes place in the
immediate vicinity of baroreceptors located in the carotid
sinus®. It has been suggested that this invasive procedure
may affect the function of the baroreceptor. The low BRS
might be a result of an impaired arterial extensibility in
the affected area'®. Some studies show that improved BRS
may influence the clinical prognosis!. Consequently, the
removing of atheroma by CEA could improve the carotid
baroreflex sensitivity by enabling better stimulation of the
receptors and BRS may be clinically useful for assessing
the efficacy of this procedure.

We assessed the effect of elective unilateral CEA on
cardiovascular autonomic functions as one of the major
prognostic factors of cardiovascular health.

METHODS

Patients (n=19) underwent formal autonomic assess-
ment in the laboratory. All measurements were performed
with a dedicated high-tech device Task Force Monitor
(TFM). The main area of TFM application is as an au-
tomated and computed beat-to-beat analysis of heart
rate (HR) [electrocardiogram (ECG)] oscillometric and
non-invasive continuous blood pressure measurements
(oscBP, contBP). On the basis of these biological signal
sources, hemodynamic and autonomic parameters were
calculated. The TFM facilitates continuous (beat-to-beat),
precise measurements of all parameters!32,

Basic descriptive statistics were used to summarise the
data (mean, median, minimum, maximum and SD) and
calculated automatically for defined periods.

The clinical characteristics of participants are shown
in Table 1.

In all of the participants with either symptomatic or
asymptomatic ICAS indicated for elective CEA, HRYV,
BRS and hemodynamic profiles were evaluated before
surgery (day -1) and postoperatively (day 3+1). The data
were analyzed from a record during 5 min of orthostatic
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Table 1. Clinical charasteristics of patients.

Number of patients 19
Age (mean) 69.9 years
Male/Female (%) 63/37
Operated side left/right (%) 57/43
Asymptomatic contralateral (%) ICAS >70% 26
Asymptomatic contralateral (%) ICAS 50-70% 26
Symptomatic/asymptomatic ICAS(%) 64/36
History of smoking/Nonsmoker (%) 57/43
Arterial hypertension (%) 78
Diabetes mellitus (%) 43
Ischaemic heart disease (%) 31
Peripheral artery disease (%) 16
Dyslipidemia (%) 78
Atrial fibrilation (%) 11
Stroke or transient ischaemic attack (%) 31
Use of ACE inhibitors (%) 68
Use of Beta blockers (%) 23
Use of Calcium channel blockers (%) 24

challenge and subsequent 5 min of supine position. High
frequency (HFnu-RRI), low frequency (LFnu-RRI), av-
erage systolic (sBP), average diastolic (dBP), average
middle (mBP) blood pressure, HR, TP was derived from
supine position. BRS was derived from standing posi-
tion. Variables before and after surgery were compared
using #test in case of normal distribution, respectively
Wilcoxon test in case of abnormal distribution (param-
eters, TP, BRS). For testing of normality the Shapiro-Wilk
test was used. These tests were performed at the 0.05 level
of significance.

RESULTS

Autonomic functions and their changes pre- and post-
operatively are shown in Table 2.

There were no statistically significant differences in
evaluated variables after CEA. Low value of total spectral
power as well as low value of LF reflecting sympathetic
activity before and after surgery. The rising value of TP
after CEA is hand in hand with increasing HF compo-
nent, reflecting vagal activity. Slight rising value of BRS
is associated with mild drop in blood pressure.

DISCUSSION

The many studies evaluating the effect of CEA on
baroreflex function have provided wide variety of results,
ranging from improved function to no effect or even to
its impairment.

Several studies report that baroreceptor function of
some patients deteriorates after CEA (ref.2!??).

Some authors explain the deterioration of barorecep-
tor function as damage caused to the carotid sinus nerve
during the dissection of the artery?.

Nouraei assessed the impact of CEA on BP homeo-
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Table 2. Autonomic nervous system parameters.

Before surgery After surgery Change P
LFnu-RRI supine (54+4%) 45.2 39.7 5.5 0.154
HFnu-RRI supine (29+3%) 54.7 60.1 5.4 0.158
TP supine (34661018 ms?) 554 1030 476 0.687
BRS standing (ms/mm Hg) 7.53 8.11 0.58 0.904
Heart frequency (bpm) 72.5 72.8 0.3 0.896
sBP (mmHg) 115.6 113 2.6 0.500
dBP (mmHg) 65.3 63.3 -1.9 0.634
mBP (mmHg) 84.7 82.9 -1.8 0.616

Data are mean values.

Legend: RRI - R-R interval, LFnu - low frequency in normalized units, HFnu - high frequency in normalized units, TP - total spectral power,
BRS - baroreflex sensitivity, SBP - average systolic blood pressure, dBP - average diastolic blood pressure, mBP - average middle blood pressure,

bpm - beats per min.

stasis and baroreflex function with particular reference
to the presence or absence of significant contralateral
carotid artery disease in prospective study consisting of
80 patients with symptomatic extra-cranial carotid disease
undergoing CEA. According to their findings the CEA
impairs BP homeostasis through surgical destruction of
the ipsilateral carotid baroreflex mechanism. Patients with
contralateral ICAS have a reduced baroreflex reserve and
show greater baroreflex dysfunction and hemodynamic
instability after CEA (ref.*). In our study there were 52%
patients with at least 50% contralateral ICAS.

No difference in a baroreceptor function was observed
in a randomized trial where the carotid sinus nerve was
either purposely cut or preserved?.

Yakhou measured HRV, and variability of systolic arte-
rial pressure, BRS by intra-arterial pressure in 10 patients
after CEA and 10 patients after carotid artery stenting
(CAS) (follow up for 24 h). BRS and parasympathetic
activity increased while systolic BP decreased after endo-
vascular treatment. No significant changes were seen in
any parameters for CEA (ref.%¢).

In another study, the ratio between HF and LF bands
as an index of sympatho-vagal balance was assessed in
10 patients after CEA and 12 after CAS (follow up for 4
days). The authors found a relative increase in a sympa-
thetic activity after CEA and a parasympathetic modula-
tion after CAS (ref.?).

The transient changes in BRS and cerebral autoregula-
tion may be caused by prothrombotic and inflammatory
responses after surgery?, so the timing of BRS assessment
is also important and may be even critical because of the
hemodynamic instability observed in the first 6 h after
the surgery”.

Long-term follow up is not affected by acute humoral
changes after CEA and, therefore, may better show the
hemodynamic changes of successful CEA. One long-term
observation study showed that improved BRS after sur-
gery led to a reduction in the cardiovascular endpoints®.

In the early postoperative period when healing is tak-
ing place, the sympatho-vagal interaction is unbalanced.
The power to detect significant differences in our study is
undoubtedly limited by small sample size and also short
follow-up period. The methods used to measure autonom-
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ic parameters, especially BRS, are often different, thus
comparison of findings across the studies are not valid.
Another explanation of the discrepancy in findings in the
studies might be the different follow-up periods. The BP
of all the patients was effectively controlled and therefore
there was only limited space for its improvement.

CONCLUSION

There were no statistically significant differences in
evaluated variables after CEA. No hemodynamic insta-
bility was observed during the perioperative period. In
our opinion, CEA can be considered as a safe method.
Given this considerable clinical potential, BRS and HRV
measurement methodology and further short-term and,
more importantly, long-term investigations are needed to
assess this problematic.
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