
Incidence and Timing of Hypotension Aher Transcervical Carotid Artery Stenting: 

Correlation With Postoperative Complications 

Objectives: To assess the incidence and timing of hypotension after carotid artery 

stenting (CAS) and its correlation with postoperative complications.  

Background: CAS-associated postoperative hypotension has been linked to surgical 

morbidity and mortality, espe- cially to stroke and cardiac complications.  

Methods: Ninety-seven consecutive patients undergoing transcervical CAS were 

monitored for at least 12 hr after operation. Hypo- tension was defined as systolic blood 

pressure < 90 mm Hg. Patients were divided into three groups: normal blood pressure and 

early (€6 hrj and late (>6 hr) hypotension. Complications were recorded.  

Results: Hypotension occurred in 34% of the patients (early hypotension in 63% of 

them). Hypotension was recorded in 21.6% of patients dur- ing surgery and in 21.6%, 

15.5%, and 1.0% at 6, 12, and 24 hr postoperatively. Bradycar-dia occurred in 26.8% 

during operation and in 25.8%, 13.4%, and 10.3% at 6, 12, and 24 hr after surgery. 

Intraoperative bradycardia (P ——0.01) and hypotension (P ——0.02) were predictors of 

postoperative hypotension. The overall rate of complications was 5% with- out 

differences between the study groups. The mean length of stay was 3, 3.6, and 2.8 days 

in the normotensive, early hypotension, and late hypotension groups, respectively.  

Conclusions: Most postoperative hypotension episodes occurred within the first 6 hr, and 

more than one-third between the 6 and 12 hr post-procedure. All patients with late hypo- 

tension were asymptomatic. There was no difference in complications between the study 

groups. In patients undergoing ambulatory CAS, hemodynamic monitoring in the postop- 

erative period is particularly important during the first 12 hF. O 2014 Wiley Periodicals, 

Inc. 
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INTRODUCTION 

Hypotension is a well-recognized complication of carotid artery stenting (CAS) [1—5]. 

Most episodes occur within the first 6 hr of the procedure [5,6] and different clinical, 

angiographic, and ultrasonographic factors for predicting hypotension during CAS have 

been reported [2,6—8]. CAS-associated hypotension has been linked to surgical 

morbidity and mortality, espe- cially to cerebrovascular events and cardiac complica- 



tions [1,2,9-11]. Transcervical CAS with flow reversal for cerebral protection has been 

shown to be effective and safe, with some advantages over the transfemoral approach 

with protection devices [12,13]. Exposure of common carotid artery and internal jugular 

vein is achieved through a small incision at the base of the neck, and together with a 

careful haemostasis appears to reduce the risk of bleeding complications and/or 

postsurgical hematomas [13]. However, the time required for postoperative hemodynamic 

monitoring in CAS is not well established. This single-center study was conducted to 

assess the incidence and timing of hypotension after CAS and its correlation with postop- 

erative complications. 

METHODS 

Design and Study Population 

A prospective observational study of 110 consecu- tive patients with severe carotid artery 

stenosis under- going transcervical CAS with flow reversal at our hospital between 

January 2008 and December 2009 was carried out. The study was approved by the Ethics 

Committee and written informed consent was obtained from all patients. 

The diagnosis and morphometry of the carotid lesion was determined by Doppler 

ultrasound of the supra- aortic trunks. All patients were prescribed acetylsali- cylic acid 

(100 mg/day) and clopidogrel (75 mg/day) for at least 4 days before the procedure. In 

cases of non-compliance with this treatment, a 300-mg loading dose of clopidogrel was 

administered 24 hr before treatment and in the immediate postoperative period. Double 

antiplatelet therapy was used for the first 30 days and, thereafter, simple antiplatelet 

therapy was maintained. 

Surgical Procedure, Hemodynamic Monitoring, and Postoperative Treatment 

The technique of transcervical CAS with flow rever- sal protection was performed as 

described by Criado et a1. [12] and reported in the study of Matas et al. [14]. Briefly, 

through a 3—4 cm vertical incision at the base of the neck, a shunt is established between 

the common carotid artery and the internal jugular vein using a 8-Fr introducer sheath for 

cannulation and con- nected with a 15-cm long catheter. Proximal occlusion of the 

common carotid artery is then carried out, achieving flow inversion in the internal carotid 

artery (ICA). Systemic heparin is administered to maintain the activated clotting time 

between 250 and 300 sec. An angiogram is obtained to assess correct functioning of the 

fistula. This angiogram allows localization of the carotid bifurcation and indicates the 



level, length, and diameter of the carotid lesion. Under fluoroscopic guidance, a 0.014 

guidewire is advanced through a 4- Fr catheter into the ICA across the lesion. Balloon 

pre-dilatation of the lesion is optional. In all patients, self-expanding stents were used. 

Types of stents used included Wallstent (Boston Scientific), Acculink and Xact (Abbott), 

and Precise (Cordis). Based on the ves- sel diameter, generally a 5-6 mm x 30 mm or 5—

6 mm x 20 mm balloon is selected for stent post-dilatation. Prior to declamping of the 

common carotid artery, manual aspiration to remove potential debris was per- formed and 

a final arteriography was obtained. 

Patients were hospitalized and the procedure was carried out in the operating room, with 

continuous ECG (five leads) and pulse oximetry for arterial oxy- gen saturation (Sa 2) 

monitorization. Invasive blood pressure (IBP) monitoring was performed through a 20-G 

catheter in the radial artery (Leader Cath, Vygon, Ecouen, France) connected to a 

processing module attached to a General Electric Datex Ohmeda S/5 mon- itor (General 

Electric Healthcare Division, Firefield, CT) and calibrated at midaxillary level. All 

patients received continuous intravenous sedation with midazo- lam (0.05—0.2 mg/kg) 

and remifentanil (0.05—0.1 mcg/ kg/min) during the procedure. Cerebral hemodynamics 

was monitorized by transcranial Doppler ultrasound and the patients' clinical symptoms. 

In only 1% of patients, deterioration in the level of consciousness was observed, which 

in all cases improved by common ca- rotid artery declamping. 

After the procedure, patients were admitted to the PACU for hemodynamic monitoring 

(ECG, Sa 2. IBP) for a minimum of 12 hr. After that time, patients were discharged to the 

hospital ward or transferred to the in- tensive care unit (ICU) if necessary. Hypotension 

was first treated with fluid bolus (250 mL of 0.99c saline or 6% hydroxyethyl starch) and 

in case of non-response, with ephedrine (5-20 mg) and/or continuous infusion of 

norepinephrine (0.25-3 mg/kg/min) until restoring systolic blood pressure (SBP) > 20% 

of baseline. 

Collection of Data and Study Variables 

Demographics, clinical features, preoperative varia- bles, intraoperative findings, 

postoperative data, and outcome were collected. 

Intraoperative and postoperative hypotension was defined as SBP < 90 mm Hg or the 

need of vasoactive drugs. Patients were divided into three groups as fol- lows: normal 

blood pressure (BP), early hypotension (/6 hr), and late hypotension (>6 hr). Bradycardia 



was defined as heart rate 55 beats per min. Treatment of bradycardia included the 

administration of atropine 0.5 mg intravenously in the presence of signs or symp- toms 

of poor peripheral perfusion (altered conscious- ness, thoracic pain, hypotension, or other 

signs of shock) up to a total dose of 3 mg. If atropine was inef- fective, isoproterenol 0.05 

pg/kg/min was administered and in patients without response, a temporary pace- maker 

was inserted. 

Postoperatively, neurological and cardiovascular complications were assessed [15-17]. 

Complications related to the cervical approach, syncope, and postoperative mortality 

were also recorded. All patients were followed during in-hospital stay until discharge 

from the hospital and then for one month at the outpatient clinics. 

Statistical Analysis 

Data are expressed as frequencies and percentages for categorical variables and as mean 

and standard deviation (SD) for continuous variables. The relation- ship between 

categorical variables and the use of vaso- pressor drugs was analyzed with the Student's 

r test or the Mann—Whitney U test according to the normal or non-normal distribution 

of variables. The Pearson's product moment correlation coefficient was calculated to 

assess the relationship between quantitative variables. The McNemar's test was used to 

assess the relationship of categorical variables between the intraoperative and 

postoperative period, and the chi-square (y2) test for the relationship of quantitative 

variables at different time points after operation. Statistical significance was set at P < 

0.05). The SPSS statistical program (version 17.0) was used for the analysis of data. 

RESULTS 

Thirteen of the 110 patients who underwent transcer- vical CAS with flow reversal 

protection were excluded from the analysis because of incomplete data in 8, con- version 

to an open procedure in 3, and indication of CAS for previous stent restenosis in 2. 

The study population consisted of 97 patients (78 men, 19 women) with a mean age of 

77.4 years (range 51—90). Fifty-four (55.7%) patients presented with his- tory of 

neurological symptoms in the previous 6 months. The median ratio stenosis was 6.79 

(velocity ratio). 

Postoperative hypotension was recorded in 33 patients (34%), 21 of which had early 

hypotension (/6 hr) and 12 had late hypotension (>6 hr) group (Fig. 1). As shown in Table 

I, postoperative hypoten- sion was unrelated to any preoperative variable. Post- operative 



bradycardia occurred in 25.8% of patients within the first 6 hr, in 13.4% within the first 

12 hr, and in 10.39r within the first 24 hr (Fig. 2). 

Intraoperative factors, including design of the stent (open-cell vs. closed-cell) and 

whether or not balloon predilatation was performed during the procedure had no effect 

on postoperative hypotension (Table II). Intraoperative hypotension and/or intraoperative 

brady- cardia were the only variables significantly associated with hypotension within the 

first 6 hr after the proce- dure (21.69r, P ——0.02 and 26.8%, # = 0.01 of the patients, 

respectively). A total of 57.ldc (12/21) of patients with early hypotension suffered from 

an epi- sode of intraoperative hypotension and 52.4% (11/21) an episode of intraoperative 

bradycardia (Table II). All patients in the group of late hypotension required treat- ment 

with norepinephrine infusion and were admitted to the ICU to complete intensive 

hemodynamic moni- toring and treatment. The remaining six patients treated with 

norepinephrine infusion presented early hypoten- sion and also required ICU admission. 

Overall, 54% of patients with postoperative hypotension required con- tinuous infusion 

of norepinephrine, whereas the remaining hypotensive patients received fluid therapy 

and/or ephedrine boluses. 

The distribution of patients according to timing of hypotension and need of ICU 

admission or transfer to the hospital ward is shown in Fig. 3. 

Complications were recorded in five patients [transient ischemic attack (TIA) in two, 

angina in three], with an overall rate of 5.1%. The two cases of TIA occurred in patients 

in the normotensive group. The three cases of angina developed in one patient in the early 

hypotension group and in two patients in the normotensive group. The distribution of 

complications among the three study groups did not show statistically significant 

differences (P ——0.341). The mean length of hospital stay was 3, 3.6, and 2.8 days in 

the normoten- sive, early hypotension and late hypotension groups, respectively. 

Complications related to the cervical approach (bleeding or hematoma) were not found. 

None of the patients required reoperation. No case of hyperperfusion syndrome occurred. 

DISCUSSION 

In this retrospective study of 97 patients undergoing transcervical CAS with flow reversal 

protection, we describe the incidence of hypotension after CAS and the relationship 

between the timing of appearance of post-CAS hypotension and the incidence of 

postopera- tive ischemic events. All patients were at high-risk for carotid endarterectomy 



because of the presence local factors (previous carotid surgery, tracheal stoma, cervi- cal 

irradiation, neurological lesion of the cranial nerves, lesions that extended below the 

clavicle or dis-surgical risk due to high comorbidity, such as coronary heart disease with 

recent myocardial infarction and/or unstable angina, heart failure or chronic obstructive 

pulmonary disease). The technique of transcervical CAS with carotid flow reversal avoids 

complications related to embolic potential from aortic arch and supra- aortic trunk 

instrumentation, and provides cerebral pro- tection by reversing flow before crossing the 

stenosis. Transcervical CAS is the routine technique used in our service. Transfemoral 

CAS is used occasionally, the indications of which include a short primitive carotid artery 

and/or low carotid bifurcation with a distance clavicle-bifurcation of less than 5 mm 

(preoperative echo-Doppler measurement), atheromatous primitive carotid artery lesions, 

and hostile neck due to previous cervical radiation therapy. 

The incidence of hypotension after CAS procedure was 34%, which is similar to data 

reported in other se- ries. Most episodes of low BP occurred early after sur- gery (+6 hr), 

although in more than one-third of patients, hypotension was diagnosed after the first 6 

hr of operation. These findings are consistent with the study of McKevitt et al. [5] in 

which hemodynamic changes were registered within 6 hr in 739a of the cases. These 

authors, however, showed that hemody- namic depression persisted for an average of 

more than 20 hr. On the other hand, Lavoie et al. [8] reported an incidence of hypotension 

after 6 hr of surgery of 17%, and many of the patient had also presented early hypo- 

tension. Eight percent of patients had new onset of hy- potension or bradycardia later than 

6 hr post-CAS, which were attributed to the short monitoring period, among other factors. 

Despite the fact that about one-third of patients pre- sented postoperative hypotension, no 

cases of stroke, acute myocardial infarction, or death were recorded. The incidence of 

cerebrovascular complications was 1% and of cardiovascular complications of 39c. 

Hypo- tension after CAS has been characterized by a benign and self-limited course. 

However, prolonged hypoten- sion may be associated with an increased risk of neuro- 

logical, ischemic, and cardiologic events [9-11,18]. Different predictors of postoperative 

hypotension after CAS have been reported, including advanced age [19,20], female sex 

[20], previous acute myocardial in- farction [19—21], intraoperative hypotension or 

brady- cardia [21], morphological characteristics of the atheroma plaque [22—24], 

relationship between the diameters of the balloon and the artery [23], and pres- ence of 

contralateral carotid stenosis [23]. In the pres- ent study, patients with intraoperative 



hypotension or bradycardia showed a higher incidence of postoperative hypotension, but 

correlation with other preoperative (age, sex, previous clinical symptoms, or contralateral 

stenosis) or intraoperative (affected side, balloon pre- dilatation, or type or stent) variables 

was not observed, probably due to the size of the study population. None of these 

variables were related to the presence or tim- ing of postoperative hypotension, which is 

in agree- ment with results of Mlekusch et al. [19], which in a series of 471 patients 

undergoing CAS did not find dif- ferences between the groups with and without hypoten- 

sion or bradycardia in relation to the frequency of neurological complications. 

The present findings should be interpreted taking into account some limitations of the 

study, including the ret- rospective design and the lack of statistical power of the available 

data to perform multivariate models adjusting for confounders to assess the relationship 

among preop- erative variables and postoperative hypotension, as well as intraoperative 

hypotension/bradycardia and other fac- tors. Imaging studies like CT scan or MRI post- 

intervention were not used, and only clinical symptoms were evaluated. Although the 

results obtained suggest that hemodynamic monitoring during a 6-hr period would be able 

to identify most patients at risk for postop- erative hypotension, the fact that all patients 

received the same type of postoperative care does not allow excluding that patients 

transferred to the ward after this period may have a higher risk of postoperative complica- 

tions. However, none of the patients with late hypoten- sion developed ischemic events, 

and hypotension was benign in 1009c of cases. Moreover, in the group of nor- motensive 

patients, all cases of postoperative complica- tions were observed within the first 6 hr 

after CAS. Accordingly, a change in the postoperative management of these patients may 

be possible, given that between 6 and 12 hr after surgery and during the remaining days 

of in-hospital stay, 74.29c of patients (60 normotensive patients and 12 patients with late 

hypotension) were asymptomatic, which a priori may be candidates to be discharged after 

12 hr of the procedure and then con- trolled at home. This may not only reduce the time 

of he- modynamic monitoring in specialized units, but also and in previously selected 

cases, even to perform transcervi- cal CAS with flow reversal in ambulatory conditions. 

CONCLUSION 

Most postoperative hypotension episodes occurred within the first 6 hr, and more than 

one-third developed between the 6 and 12 first hours after the procedure Also, all patients 

with late hypotension were asymptomatic. There was no difference in complications 



between the study groups. In patients undergoing ambulatory CAS, hemodynamic 

monitoring in the postoperative period is particularly important during the first 12 hr. 
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Fig. 1. Percentage of patients with hypotension during the procedure and along the 

postoperative hours. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Percentage of patients with bradycardia during the procedure and along the 

postoperative hours. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. 3. Distribution of patients according to timing of hypo- tension and admission to the 

ICU or transfer to the hospital ward 

 

 

 

 

 

 

 

  



 

TABLE I. Demographic and Clinical Variables of the Study Population 

Postoperative hypotension 

 All patients Early (<6

hr) 

Late (>6

hr) 

Normotensive P value 

Total patients, no. 97 21 12 64  

Men/women, no. 78/19 17/4 9/3 52/12 0.880 

Age, years, mean (range) 77.4 (51—90) 79.1 (59—

90) 

77.4 

(57—88) 

76.9 (51.89) 0.163 

History of smoking, no. (to) 65 (67.0) 11 (52.4) 7 (58,3) 47 (73.4) 0.162 

Hypertension, no. ('7o) 86 (88.7) 20 (95.2) 11 

(91.7) 

55 (85.9) 0.476 

Dyslipidemia, no. ('7o) 69 (74.2) 13 (61.9) 9 (75) 47 (73.4) 0.740 

Diabetes mellitus, no. (to) 33 (34.0) 7 (33.3 1 (8.3) 25 (39.1) 0.119 

Ischemic heart disease, no. (to) 37 (38.1) 7 (33.3) 6 (50) 24 (37.5) 0.627 

Cerebrovascular disease, no. 

(to) 

54 (55.7) 11 (52.4) 6 (50) 37 (57.8) 0.949 

Peripheral artery disease, no. 

('to) 

29 (29.9) 4 (19.0) 7 (58.3) 18 (28.1) 0.052 

Symptomatic lesion, no. (to) 54 (55.7) 11 (52.4) 6 (60) 37 (57.8) 0.949 

Contralateral stenosis > 509c 

ICA, no. ('7o) 

48 (49.5) 11 (52.4) 6 (50) 31 (48.4) 0.935 

ICA: internal carotid artery. 

P value of chi-square test refers to the homogeneity of distribution of each variable 

among the three groups of early and late postoperative hypoten- sion and normotensive. 

 

 



TABLE II.  Relationship Between Intraoperative Variables and Postoperative 

Outcome 

Postoperative hypotension 

 All patients Early 

(<6 h) 

Late 

(>6 h) 

Normotensive P 

value 

Total patients, no. 97 21 12 64  

Type of carotid stent (n = 

94)‘ 

Open-cell, no. (to) 

 

27 (28.7) 

 

3 (15) 

 

2 (16.7) 

 

22 (35.5) 

0.13

0 

Closed-cell, no. (to) 67 (71.3) 17 (85) 10 

(83.3) 

40 (64.5)  

Balloon pre-dilatation, no.

(to) 

13 (13.4) 1 (4.8) 2 (16.7) 10 (15.6) 0.42

0 

Right side, no. (to) 45 (46.4) 10 

(47.6) 

5 (41.7) 30 (46.9) 0.94

0 

Intraoperative hypotension,

no. (to) 

21 (21.6) 12 

(57.1) 

2 (16.7) 7 (10.9) 0.02 

Intraoperative bradycardia,

no. (to) 

26 (26.8) 11 

(52.4) 

2 (16.7) 13 (20.3) 0.01 

‘Data of three patients were missed. Open-cell: Acculink, Precise. Closed-cell: Wallstent, 

Xact. 

P value of chi-square test refers to the homogeneity of distribution of each variable 

among the three groups of early and late postoperative hypoten- sion and normotensive. 

 


