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Abstract

Objectives. Arterial baroreflex plays a key role in short-term blood pressure

balancing. It can also be quantified noninvasively with baroreceptor sensitivity

during Valsalva manoeuver. The aim of the study was to evaluate the role of

Valsalva manoeuver as a potential marker of possible autonomic dysfunction in

patients after carotid artery angioplasty and stenting.

Materials and methods. We evaluated dynamic changes of blood pressure during

Valsalva manoeuver (Valsalva ratio, adrenergic baroreceptor sensitivity) in 22

patients (11 male; 63.2 ± 6.7 years) with symptomatic, unilateral internal carotid

artery stenosis, and compared results with age and sex matched control subjects.

Results. Valsalva ratio between baseline and post-procedural day (1.26 ± 0.13 vs

1.46 ± 0.31; p=0.002) was the only statistically significant parameter. All other tests

(also between the study and the control group), cardiovagal and adrenergic,

revealed no significant differences.

Conclusion. We were not able to show that Valsalva manoeuver, as a simple, non-

invasive and easy to perform test, could reliably confirm patients who are at a risk

for postprocedural complications. It seems that most of the compensatory

mechanisms, occurring after a revascularisation procedure, remain largely

unclarified.
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Introduction

Atherosclerosis, with carotid artery narrowing, is an important cause of ischaemic

stroke. For patients with symptomatic carotid artery stenosis, percutaneous

carotid angioplasty supported with stent (CAS) has emerged as a less invasive

alternative to the gold standard surgical carotid endarterectomy (CEA). (1,2) The

risk of composite primary outcome of stroke, myocardial infarction (MI) or death,

is similar between the procedures. There is, however, a higher risk of stroke with

CAS and a higher risk of MI with CEA. (1,3) The majority of complications, such as

cerebral embolism or hypoperfusion, and arterial dissection, occur during the

procedure. (3) A potentially devastating complication, such as cerebral

hyperperfusion syndrome (CHS), (4) can occur any time within the first month

after the procedure, (5) mostly within several hours to several days. (6) It is

reported to be a rare complication in the case of CEA (1%), (7) but not in the case of

CAS (0.44 – 11.7 %). (5-7) Its precise pathophysiological mechanism is not yet clear

and may be multifactorial. In addition to a high risk patient cohort (advanced age,

high grade or bilateral stenosis, impaired collateral flow, etc.), (8) impaired

cerebral autoregulatory function, and autonomic dysfunction may play a role. (9)

Therefore, our aim was to evaluate autonomic function in patients with high grade

internal carotid artery stenosis before and after CAS and in a control group. A

simple and safe autonomic function test – Valsalva manoeuvre (VM) – was used

for this purpose.

Materials and methods

This study was approved by the Republic of Slovenia National Medical Ethics

Committee (No. 184/02/09). The study was conducted at the Division of Neurology,

Department of Vascular Neurology and Neurological Intensive Care, University

Medical Centre Ljubljana, Slovenia. A total of 22 patients (11 men, 11 women) and 22

age and sex matched healthy volunteers were included in the study after signed

informed consent was obtained. All patients had unilateral symptomatic internal

carotid artery (ICA) stenosis (70 – 99%) according to Doppler sonography criteria,
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confirmed with either digital subtraction angiography or computer tomography

angiography, using criteria proposed in the literature. (10) According to the

protocol, they were taking clopidogrel 75 mg and acetylsalicylic acid 100 mg 5 days

before the CAS and 3 months after the procedure.

All recordings were made in the morning before the CAS procedure and the

following morning. Results were compared to the single recordings obtained from

the control group. Intra-procedural charts were evaluated for any intervention

that could interfere with the reliability of the test, namely, the need for prolonged,

high dose vasoactive drugs, sedatives or strong analgesics. In addition, a detailed

neurological examination was performed after the procedure.

Heart rate was recorded using a standard 3-lead electrocardiogram. Computer-

based analysis and calculation of time domain heart rate (HR) responses to VM

were done (Nevro-EKG®, Intekomd.o.o.). Arterial blood pressure (ABP) was

continuously measured at the finger using beat-to-beat photoplethysmographic

recordings (Finapres, Ohmeda, model 2300). Valsalva manoeuver was performed

twice according to a proposed standard protocol and the most representative

recording was evaluated. (11,12) For cardiovagal function testing, we calculated

Valsalva ratio (VR) as the maximum HR generated by the VM in phase 2 divided by

the lowest HR occurring within 30 seconds after the maximum HR. (13) For

adrenergic function testing, baroreceptor sensitivity (BRS_a) was calculated from

ABP responses to VM. (14) BRS_a test was defined as the systolic blood pressure

(SBP) decrement associated with phase 3 divided by the pressure recovery time

(PRT). The PRT was defined as the interval between the lowest SBP of phase 3 and

its return to baseline following the VM. (15)

Data were analysed using the Wilcoxon signed-rank test – a paired difference

non-parametric test – to compare repeated measurements as well as matched

control group measurements. Significance was set for a p value < 0.05. IBM SPSS

Statistics, ver. 22 was used for statistical analysis.

Results

Table 1.

All patients were treated with CAS according to the hospital standard protocol

and were admitted on the day of the procedure. The patients’ data are
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summarized in table 1. Most patients (95.5 %) had high grade carotid artery

stenosis (≥ 80 %). In almost 32 % of patients (either complaining of tinnitus or

dizziness or both), stenosis was found accidentally during routine carotid artery

auscultation, others suffered from minor stroke or transient ischemic attack (TIA).

Figure 1.

Two patients received 1 mg of atropine and 500 ml of 6 % hydroxyethyl starch

(Volulyte) due to transient bradycardia and severe hypotension during the

procedure. One patient needed a short-term infusion of dobutamine (2.5

µg/kg/min) due to sustained bradycardia and hypotension. In one 75-year old

patient, a transient CHS was suspected on the morning after the right-sided ICA

CAS. He complained of severe headache and dizziness. The computed tomography

(CT) scan did not reveal any new pathology except for an old infarction (figure 1A).

The patient was discharged from hospital two days later without any symptoms.

To illustrate the CHS after CAS, we present a 65-year old patient who was not

included in this study since he refused the testing (figure 1B). No complaints were

demonstrated one month after the procedure when both patients had a routine

carotid Doppler sonography.

Table 2.

The results of VM testing are shown in table 2. Cardiovagal function in patients,

tested with VR at baseline and on post-procedural day, changed significantly (p =

0.002). No statistically significant differences were found between patients and

controls.

Figure 2.

Blood pressure responses to VM are shown in figure 2. No significant changes of

adrenergic function, tested with BRS_a, were demonstrated in patients and

between patients and controls.

Discussion

Modern and noninvasive autonomic function tests are sensitive methods for

evaluating cardiovagal, sudomotor and adrenergic autonomic functions and can

detect also subclinical dysautonomias. (13) The idea of our study was whether we

can use, in routine clinical practice, some of the methods for assessment of the
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autonomic nervous system, particularly those that are simple, short and reliable

for diagnosing patients at risk for deleterious complications, such as CHS after

CAS procedure. It seems that with the Valsalva manoeuvre, cardiovagal, as well as

adrenergic autonomic functions, could be reliably tested. (13,15,16)

In patients, we demonstrated a statistically significant change in cardiovagal

function (tested with VR) between baseline and post-procedural day. This

transient post-operative parasympathetic hyperactivity explains the lower SBP,

which has been observed in most patients after CAS. It is possible however, that

intact cerebral autoregulation prevented complications, such as CHS. Patients,

treated with CAS, were fasting before, and sometimes even after the procedure

and they were frequently dehydrated. This may again be in favour of cerebral

vascular autoregulation after CAS as a possible mechanism that prevented more

CHS cases (figure 1), despite the fairly low BP demonstrated in most patients after

CAS. Similar results are found in other studies showing the time dependant

adaptation of BR. This may be the consequence of underlying disease, rather than

from the procedure itself. (17,18) It is also possible that extra-carotid BR areas

have a large ability to compensate for the loss of carotid BR. (19,20)

Adrenergic function, measured as BRS_a, did not reveal any differences before

and after the procedure in our cohort of CAS patients as well as when the results

were compared with the control group. Some reasons might be: older age of our

patients, history of hypertension in the majority, and treatment with one or more

antihypertensive drugs.

The limitations of our study are: low number of the study population, as well as

the lack of comparison of the VM test to other autonomic test, such as deep

breathing or tilt table test. In the future we have to implement our testing with

some other mathematical models, e.g. respiratory BRS, which could be more

sensitive for revealing subclinical dysautonomias.

Conclusion

In our cohort of patients, we demonstrated a statistically significant change in

cardiovagal function (tested with VR) between baseline and post-procedural day.

This transient post-operative parasympathetic hyperactivity explains the lower

SBP, which has been frequently observed in most patients after CAS.
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We were not able to reliably identify patients who are at risk for post procedural

CHS. It seems that most of the cardiovascular compensatory mechanisms,

occurring after CAS, remain largely unclarified.

Table 1. Baseline characteristics in the cohort of patients treated with carotid

angioplasty and stent, and in age and sex matched control group of healthy

volunteers.

Variables Patients(n = 22)Control group(n = 22)p

Age (Mean ± SD) years 63.2 ± 6.7 62.7 ± 6.9 ns

Previous stroke or TIA, no. (%)15 (68,2) NA NA

Treated hypertension, no. (%) 19 (86,4) none NA

Left ICA stenosis, no. (%) 16 (80) NA NA

Grade of ICA stenosis no. (%) NA NA

70 – 79 % 1 (4.5)

80 – 89 % 13 (59.1)

> 90 % 8 (36.4)

ICA, internal carotid artery; NA, not applicable; ns, not significant; p, significance

at p value > 0.05; TIA, transitory ischaemic attack.

Table 2. Adrenergic and cardiovagal function tests obtained by the Valsalva

manoeuver in a cohort of treated patients with carotid angioplasty supported with

stent and compared to a control group.

Values (Mean ± SD)

Parameters VR BRS_a (mmHg/s)

Before CAS Day after CAS Before CASDay after CAS

Study group 1.26 ± 0.13 1.46 ± 0.31 4,86 ± 3.19 4.92 ± 3.76

p value 0.002 ns

Control group1.42 ± 0.31 6.99 ± 5.90

p value ns ns ns ns

BRS_a, baroreceptor sensitivity as a measure of adrenergic function; CAS, carotid

angioplasty supported with stent; ns, not significant; p value, p value of Wilcoxon

signed-rank test; SD, standard deviation; VR, Valsalva ratio.

Figure 1. A head computed tomography (CT) scan of the patient a day after the

revascularisation procedure in the right internal carotid artery, suspected to have
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cerebral hyperperfusion syndrome (A), showing an old infarction, but no new

lesions, and a head CT scan of a patient with clear CT signs of the cerebral

hyperperfusion syndrome (B).

Figure 2. A 4-phase blood pressure profile evoked by Valsalva manoeuver in a

patient, suspected to have cerebral hyperperfusion syndrome before the

revascularisation procedure (A) and a day after the procedure, compared to a

recording from a healthy subject (C). There are no clear phase differences

between the recordings.
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ABP (raw), raw signal of the arterial blood pressure recorded with Finapres,

Ohmeda, model 2300 recorder; ECG (raw), raw electrocardiographic recording

recorded with Nevro-EKG®, Intekomd.o.o.; DBP, processed signal of diastolic

blood pressure; RRI, R to R wave interval; SBP, processed signal of systolic blood

pressure; l, Valsalva manoeuver phase I; 2, Valsalva manoeuver phase II; 3,

Valsalva manoeuver phase III; 4, Valsalva manoeuver phase IV.
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