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Abstract

Carotid angioplasty and stenting (CAS) was developed to be a less invasive and complex procedure
compared to carotid endarterectomy (CEA). It has emerged as an alternative for patients who are
considered to have high surgical risks due to medical comorbidities or anatomical high-risk fea-
tures [1]. The procedure is usually done under local anesthesia with light sedation, with the sub-
sequent expectation of less neurologic injury, venous thromboembolisms, and myocardial infarc-
tions—all well-known clinical risks of undergoing surgical procedures under general anesthesia.
CAS, however, carries some increased risks of arterial dissection, dislocation of atherothrombotic
debris and embolization to the brain or eye, late embolization due to thrombus formation on the
damaged plaque, and bradycardia and hypotension as a result of carotid sinus stimulation. Elec-
troencephalography can detect cerebral ischemia and hypoxia along with measuring hypnotic ef-
fects, but has not been reported to be used during CAS to signal impending neurological deficit and
allow for intervention to prevent stroke. We report on the use of patient state index (PSI), an elec-
troencephalographic (EEG) derived variable used by SEDLine monitor (Masimo Inc., San Diego, CA)
to monitor changes in cerebral blood flow during carotid angioplasty and stenting in an awake pa-
tient under local anesthesia. PSI was developed to measure the level of hypnosis and sedation
during anesthesia and in the ICU. The PSI is based on quantitative electroencephalogram features,
recorded from anterior and posterior scalp sites, as input to a multivariate algorithm that quanti-
fies the most probable level of anesthesia or sedation. The PSI is reported as a range from 0 to 100,
with decreasing values indicating increasing levels of anesthesia or sedation. Adequate depth of
anesthesia is reflected by PSI value of 25 - 50, and a fully awake state by a PSI of 100 [2]. Other EEG
analysis techniques have been explored to detect changes in cerebral blood flow during carotid
surgery [3], such as entropy described by Khan and Ozcan in his recent work entitled Disagree-
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ment in Bilateral State Entropy Values in Carotid Artery Disease [4], but there are no previous re-
ports of the use of PSI during procedural sedation in carotid angioplasty and stenting in an awake
patient.
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A 75-year-old male patient with complete occlusion of right internal carotid artery and 75% - 93% occlusion of
left internal carotid artery, was scheduled for left internal carotid angioplasty and stenting. At the time of hospi-
tal admission, the patient presented with a transient ischemic attack within the left carotid territory and sen-
sory-motor impairment in his right hand with an evolution of 4 to 6 hours. Clopidogrel (300 mg) was adminis-
tered orally. His medical background included a history of laryngeal epidermoide cancer (T3NOMO) treated with
chemotherapy and radiotherapy 11 years ago, without treatment at present, arterial hypertension controlled with
a calcium antagonist and dyslipidemia, in treatment with statins.

On arrival at the Interventional Radiology Room, standard monitors and an arterial line were placed and oxy-
gen administered at 6 - 8 L/min by face mask. In addition, a SEDLine monitor PSI array was placed on the pa-
tient’s forehead using the manufacturer instructions. The patient’s initial PSI value was 98, but inter-hemi-
spheric asymmetry was observed in the EEG waveforms of the SEDLine display. Midazolam (1 mg) was ad-
ministered intravenously.

After the guide has crossed the injury and the embolic filter was deployed the PSI value fell to 27- 35 PSI, the
voltage was reduced and the EEG tracing slowed predominantly in the left hemisphere, but there were no new
neurological deficits or hemodynamic changes, and PSI values normalized after several minutes. A small dose
of atropine (0.5 mg) was administered before balloon dilatation and the stent was successfully placed into the
left carotid.

The low PSI values during CAS reflected decrease in EEG activity and inter-hemispheric asymmetry, attrib-
utable to reduced cerebral perfusion and probable embolic stroke despite the embolic protection device (um-
brella-type embolic filter).

Embolic filters allow particles smaller than 100 mc to pass through, resulting in multiple small, usually as-
ymptomatic, cerebral lesions in up to one third of patients. This type of distal micro-embolization, although not
immediately associated with gross neurological deficits, could eventually lead to other problems, such as late
cognitive impairment [5].

Diffusion-weighted magnetic resonance imaging performed 48 hours post-procedure, confirmed new ische-
mic lesions. The patient was discharged home one week later, with improved but not fully recovered sensory-
motor function of the right arm, and aspirin-clopidogrel therapy.

Most recent studies have demonstrated that new embolic lesions were found twice as often after CAS than af-
ter CEA, but the decline in cognitive function was transient after CAS, whereas it persisted in patients after CEA
[6] [7]. Wasser et al. observed transient cognitive decline in patients with new cerebral ischemic lesions early
after CAS and CEA, and speculated that the initial decline in cognitive performance in older patients after CAS
was at least partly attributable to cerebral micro-embolism. An improvement in cognitive performance during
follow-up could reflect that the vast majority of new lesions after CAS are small and do not cause permanent
ischemic damage [8].

Our case demonstrates that changes in PSI values during carotid angioplasty and stenting under local anaes-
thesia in an awake patient indicate acute changes in cerebral blood flow and may serve as a predictor of new
ischemic lesions.

Finally, we found no disadvantages in the use of EEG monitors during the procedure described in our work,
since it was easy to interpret and harmless to the patient. Recently, we used in clipping and brain aneurysm stent
in a healthy patient, but under general anesthesia, producing acute thrombosis of the middle cerebral artery as a
complication, being treated with intra-arterial and intravenous abciximab perfusion. The PSI descended slightly
from 50 to 30 for a few minutes without significant changes in the EEG. The clot disappeared and the patient

awoke with a normal neurological exploration.
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