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Abstract

Carotid endarterectomy (CEA) is an effective surgery which is applied in order to reduce the risk of stroke associated with severe stenosis of the carotid artery.
Anesthesia management is important in these patients due to high incidence of cardiovascular disease and studies are in progress for ideal anesthesia
management. In this study, we aimed to share our experience in carotis endarterectomy and evaluate the clinical outcomes and review retrospectively.

Patients informations were obtained from the patients and anesthesia records. Age, ASA physical status, Mallampati score (MP), anesthesia and surgery
duration, ICU and discharge time, blood transfusion rate, anesthetic and analgesic drugs, invasive procedures, complications, smoking, stenosis side and ratio,
comorbid conditions of patients and drugs were recorded. The mean age of patients was 67.19+1.07 (33-98). It was evaluated that 44 patients (61.2%) were
ASA 11, 28 patients (38.8%) were ASA III. It was recorded that mean duration of anesthesia was 226.25 + 37.99 min, duration of surgery was 195.83+38 min,
ICU stay was 2.45 £ 2.52 days and hospital stay time was 5.23 + 2.77 days. 29 of patients (40.3%) were smokers and 7 of patients (9.7%) were identified as
secondary smokers. The mortality rate was 6.9% (5 patients). Clinical experience and outcome data from our study are consistent with the literature. In CEA
surgery, anesthetic technique that is safe enough to guide the evidence is not there yet. Experience of the anesthesiologist and the surgeon as surgical anesthetic
management of CEA is an important point to be noted that the current developments in the patient's characteristics and monitoring.
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Introduction CEA. Anesthesia management is important in these
) ) ) patients due to high incidence of cardiovascular disease
Carotid endarterectomy (CEA) is an effective surgery and studies are in progress for ideal anesthesia

wh1ch is apphed in order to reduce the .YISk of stroke management. The purpose of this study is to evaluate the
associated w1t.h severe st§n051s of the c.arotld arter_y [1,2]. clinical outcomes and review retrospectively 72 patients
Atherosclerosis is associated with high mortality and who underwent CEA with general anesthesia in the years
morbidity and the most frequent reason for stroke which is 2005-2015. It is aimed to guide for many kind of clinical

one of the most important cause of carotid artery stenosis conditions in anesthesia management of carotid
[3]. It has been reported to decrease stroke and mortality endarterectomy.

rates of symptomatic and asymptomatic patients
administered CEA. The purpose of CEA is remove Materials and Methods
successfully the atherosclerotic plaque in the carotid artery
and repair without complications [4]. It can be many
complications in CEA; especially stroke and embolism,
respectively hematoma, cranial nerve dysfunction, cerebral
hemorrhage and myocardial infarction. Many techniques
and devices have been developed to prevent ischemia and
embolism which are complications of CEA and to screen
neuromonitorization.

Between January 2005 and December 2015, 72 patients,
who underwent CEA under general anesthesia and ages
between 33 and 98, included into the study after taken of
Inonu University Medical Faculty Ethics Committee
approval (Ethics committee protocol code: 2014 / 192-
03.12.2014). Patients informations were obtained from the
patients and anesthesia records. Age, ASA physical status,
Mallampati score (MP), anesthesia and surgery duration,
ICU and discharge time, blood transfusion rate, anesthetic
and analgesic drugs, invasive procedures, complications,
smoking, stenosis side and ratio, comorbid conditions of
patients and drugs were recorded.

Although, general anesthesia is administered in many
centers, local anesthesia or regional anesthesia have been
administered in awake patients to reduce morbidity and
mortality, though an ideal method for superiority could not
be determined with certainty for anesthesia management of Statistical Evaluation
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and standard deviations were used for defining the data.
The recorded data is obtained by full inventory sampling.

Results

General anesthesia was administered to all patients. The
mean age of patients was 67.19+1.07 (33-98). It was
evaluated that 44 patients (%61.2) were ASA II, 28
patients (%38.8) were ASA III. MP scores of patients were
50 (%69.4) and 22 (%30.6) MP I and MP II, respectively.
It was recorded that mean duration of anesthesia was
226.25 £ 37.99 min, duration of surgery was 195.83+38
min, ICU stay was 2.45 + 2.52 days and hospital stay time
was 5.23 + 2.77 days. Anesthetic, analgesic and other
preoperative drugs are shown in Table 2.

Table 1. Demographic data
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Two of patients (2.8%) required transfusion. Artery
cannulation was performed 62 of patients (%86.1), both
arterial and central venous cannulation were performed to
10 of patients (%13.9). 29 of patients (40.3%) were
smokers and 7 of patients (9.7%) were identified as
secondary smokers. The mortality rate was 6.9% (5
patients). It was learned that 52 of patients (72.2%) had
preoperative ischemic attack. It was observed that
laryngeal nerve paralysis developed on 1 of patients
(1.4%). Carotid artery stenosis side, the degree of stenosis,
CEA side, patients used drugs and comorbid diseases are
shown in Table 3.

Table 3. Patient Characteristics

Patient Characteristics (mean + SD)

Demographic data (mean £ SD)

Age(year) 67.19 +1.07 *(33-98)
ASA n(%)
ASA 1T 44 (61.2%)
ASA IIT 28 (38.8%)
MP n(%)
MP I 50 (69.4%)
MP 11 22 (30.6%)
Total 72 patient

Values as presented as mean + SD, MP: Mallampati Score
ASA: American Society of Anesthesia * range

Table 2.0perational characteristics

Operational characteristics (mean = SD)

Duration of anesthesia (min) 226.25 + *(150-240)
37.99

Duration of surgery (min) 195.83 £38 *(120-390)
Duration of IMC stay (day) 245+2.52 *(1-17)
Total hospital stay (day) 5.23+2.77 *(2-17)
Blood transfusion n(%) 2 (2.8%)
Inhaled anesthetics n(%)

Sevoflurane 36 (50%)

Desflurane 2 (2.8%)

Izoflurane 34 (47.2%)
Anesthetic drugs n(%)

Thiopental 64 (88.9%)

Propofol 2 (2.8%)

Ketamine 6 (8.3%)
Neuromuscular drugs n(%)

Vecuronium 71 (98.6%)

Rocuronium 1 (1.4%)
Analgesia n(%)

Paracetamol 67 (93.1%)

Morphine 3 (4.1%)

Tramadol 2 (2.8%)
Invasive access n(%)

Artery-+central cannulation 10 (13.9%)

Artery cannulation
Postoperative complications n(%)

62 (86.1%)

None 62 (86.1%)
Infection 2 (2.8%)
Hemorrhage 7 (9.7%)
Laringeal nerve paralysis 1(1.4%)
Peroperative drug n(%)

Ephedrine 18 (25%)
Nitroprusside 8 (11.1%)
Noradrenaline 1 (1.4%)
Dopamine 1 (1.4%)
Remifentanyl 1 (1.4%)

Smoking n(%)
Yes 29 (40.3%)
Secondary smoking 7 (9.7%)
Carotis stenosis n(%)
Unilateral 35 (48.6%)
Bilateral 37 (51.4%)
Carotis stenosis side n(%)
Right 14 (19.4%)
Left 21 (29.2%)
Right+Left 37 (51.4%)
Carotis endarterectomy side n(%)
Right 33 (45.8%)
Left 39 (54.2%)

Preoperative Ischemic attack n(%) 52 (72.2%)
Stenosis degree (%)

Right 49.06 +37.68 *(25-98)
Left 61.02 +34.68 *(20-100)
Mortality n(%) 5(6.9%)
Preoperative drugs of patient n(%)
Antihypertensive 28 (38.9%)
Anticoagulant 8 (11.1%)
Antidiabetic 2 (2.8%)
Antipsychotics 1 (1.4%)
Bronchodilator 1 (1.4%)
Comorbid diseases n(%)
HT 56 (62.5%)
DM 27 (37.5%)
CAD 13 (18%)
COPD 1 (1.4%)

Values as presented as mean = SD, min: minutes IMC: intermediate care
unit, * range

Values as presented as mean + SD, * range, HT: Hypertansion, DM:
Diabetus mellitus,

CAD: Coroner artery disease, COPD: Chronic obstructive pulmonary
disease

Discussion

The data of 72 patients who underwent CEA under general
anesthesia were analyzed retrospectively. In our study, we
aimed to evaluate the general main characteristics of
patients and changes associated with surgery. The mean
age of the patients and ASA scores were similar to other
studies [5]. In the age range evaluation, it was abserved
that surgery was applied under the age of 40, despite being
much older than 60 years.

Preoperative preparations in patients undergoing CEA are;
effective treatment of coexisting diseases, further
examination of the cardiovascular system and neurologic
status, agent selection not cause deep sedation, maintaining
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of ongoing drug therapy, required monitorization and
selection of appropriate anesthetic technique. There is no
consensus of a definite opinion among anesthesiologists
about the superiority of the anesthesia management for
CEA [6]. Furthermore these methods have no effects on
mortality and morbidity [7]. Durations of anesthesia and
surgery are variable for CEA with regional anesthesia
(RA), local anesthetics (LA) and general anesthesia (GA).
In our study, the mean duration of anesthesia was 226.25 +
37.99 min and the mean duration of surgery was 195.83 +
38 min. The results were similar to literature [8]. It was
recorded that postoperative intensive care stay was 2.45
days + 2.52 and discharge period was 5.23 + 2.77 days.
According to the study of Gumus et al. [5] (intensive care
time 1.0 £ 0.0 days, discharge period 2.9 + 2.1 days)
longterm intensive care stay and discharge time was
associated with long-term hospitalization of patients
(maximum 17 days) with complications.

CEA is done under general anesthesia and surgical
techniques of surgery helps to increase the chances of
success. GA may reduce the risk of developing
complications in cardiovascular surgery due to less stress
and pain seen in patients. Watts et al. [6] argued that GA is
reducing surgery time and cardiovascular complications,
and keeping more stable hemodynamics [9,10]. Although
unique advantages of local anesthesia and regional
anesthesia (neurological status is simple and easy to
evaluation, the short duration of surgery and hospital stay,
lower costs), the majority of CEA surgery is overcomed
under general anesthesia. In fact, in some studies it has
been reported that patients who underwent CEA under
local anesthesia or regional anesthesia passed to general
anesthesia due to various causes (5,6%), especially fear,
stress and claustrophobia in patients or surgeons who want
local anesthesia [11,12]. GA is preferred in the presence of
contraindications to local anesthesia, severe
cardiopulmonary disease, bleeding disorders, cooperation
difficulties, the anxiety and neurological deficits assets
neck anatomical disorder and in cases where the patient did
not want local anesthesia [13]. GA eases optimal viewing
of surgery field and supply a motionless area with better
visual image during CEA. Patients who are restless,
anxious and claustrophobic can not tolerate RA easily
during CEA. However, under GA, the assessment of
neurological status is difficult due to stroke that occur
during carotid clamping.

Hemodynamic instability is a factor adversely affecting
perioperative mortality in patients undergoing CEA [14].
In particular, surgical trauma-induced response is
associated with preoperative and postoperative clinical
conditions [15]. Marrocco-Trischit and colleagues at work
[16], in patients who underwent CEA under regional
anesthesia or GA, at the stage of carotid clamping, showed
that cortisol levels increased significantly. Ercan et al.
reported that in the clamp phase, the stress response value
has risen rapidly compared to baseline values. During
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carotid clamping period, blood pressure should be
maintained at over 10-20% of the basal value. Mean
arterial pressure drops due to a decrease in cerebral
perfusion pressure. Therefore, the hemodynamic data of
these patients should be closely monitored.

Especially in the case of CEA under GA, arterial
cannulation should be performed by the opposite side. ST
segment analysis with DII and VS5, at least 5 channel leads
electrocardiogram (ECG) and heart rate and blood pressure
should be monitored instantly. In our study, artery
cannulation was performed to 62 patients (86.1%), arterial
and central venous cannulation to 10 (13.9%) patients.
Central cannulation (for central venous pressure
monitoring implementation or liquid-medicine) not
performed routinely except specific cases. Central
cannulation cases are the initial cases of our CEA
operations.

RA frequently has been performed, recently. Hye and et al
[7] reported in their study that RA for CEA is more reliable
with risk of periprecedural myocardial infarction and the
risk for GA is higher than RA. Siu and et al [18]
demonstrated that RA is more cost effective, and should be
the optimal choice when clinically appropriate. Camerani
and et al [19] nshowed that shorter time to extubation and
better emergence from anesthesia when total intravenous
anesthesia is associated with superfacial cervical block
than morphine as transition analgesia. In our institution, we
only apply GA for CEA. So, in this study we offered the
patients who was perfomed GA for CEA.

For the patients CEA under general anesthesia with the
clamping, the evaluation of the adequacy of cerebral
perfusion can be monitored with variety of techniques,
despite the superiority of some techniques there is no
commonly acceptable method or device. Clamping time,
systolic blood pressure values and stability have got
important role for the clamping ischemia during carotid
surgery [20]. In awake patients who underwent CEA under
local anesthesia the neurological evaluation of
consciousness is regarded as the gold standard.
Neurological evaluation considered to be equivalent to the
circle of The stump pressure is equivalent to Willis
collateral perfusion pressure, and measuring of this
pressure may give information about cerebral perfusion
pressure. Until recently, monitoring of the level of
consciousness and perioperative cerebral ischemia with
Bispectral Index (BIS) monitoring is considered to be
unreliable. For this reason, recently a simple and reliable
transcranial cerebral oximetry is a noninvasive method
used for the detection of acute cerebral ischemia and with
this method mild psychological changes can be estimated
[21]. For the time being, multimodal approach for the
neurological monitoring is preferred [22].

For the majority of our carotid surgery patients (88.9%)
undergoing anesthesia induction, the thiopental is preferred
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as Miller's described [23]. In accordance with the literature
in inhalation anesthesia, usually isoflurane (47.2%) or
sevoflurane (50%) is preferred [24]. In recent years, the
selection of appropriate patients with standard surgical
techniques and effective monitoring in patients undergoing
CEA cerebral surgery; the risk of perioperative
complications are significantly decreased. During the CEA
it may be encountered with many complications, especially
stroke and embolism. Relatively frequent postoperative
arterial blood pressure changes can cause high mortality of
cerebral hemorrhage. If perioperative stroke excluded;
myocardial ischemia is responsible for the majority of fatal
perioperative and postoperative complications during the
CEA [25]. Consistent with the literature, in our patients,
postoperative bleeding due to anticoagulant and heparin
use were very rare (9.7%) [9]. When the dissections are
performed, superior level of thyroid artery or trauma
during the clamping of the carotid artery may causes
dysfunction of the laryngeal nerve. This prevents the
emergence of high sound tonality [26]. In our study,
laryngeal nerve paralysis was seen in only one patients
with (1.4%).

Our study showed that in 51.4% of patients with bilateral
stenosis, which is more than the degree of stenosis of the
left side and the left side was more common practice in the
CEA (54.2%) were identified. Similar to our study, Giimiis
et al [5] in their study, the left side of the CEA application
rate was reported as 57.1%.

Hypertension (43-69%), diabetes mellitus (8-40%) and
high smoking rates, leads to increased mortality even in
experienced hands [27]. In our study comorbid disease and
smoking rates are consistent with the literature and
identified as high rates [28]. Until the morning of surgery,
antihypertensive and anticoagulant drugs, should be
continued for these patiennts. Discontinuation of these
drugs causing myocardial and cerebral ischemia and may
increase morbidity and mortality [23]. The use of regular
antihypertensive ratio was 38.9%, the use of regular
anticoagulant was 11.1% and the use of antidiabetic drugs
ratio was 2.8% in our study patients.

This study have several limitations. First, its retrospective
nature as some information regarding perioperative
management might be recorded in the anesthesia charts.
Second, the number of patients in the study could have
been more, but the total number of patients in our clinic did
so. Third, the sample sizes of the patients with different
comorbid conditions were small to obtain statistically
relevant results and a large multi-center prospective
randomized study would be necessary to confirm the
conclusions of our study.

Conclusion

Clinical experience and outcomes of our study are
consistent with the literature in which was performed
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general anesthesia. In CEA surgery, there is no anesthetic
technique which is entirely safe yet. Experience of
anesthesiologists and surgeons is important for the current
developments in the patient's characteristics and
monitorization in management of CEA. Further studies are
needed to determine the most appropriate technique.

Funding: This research did not receive any specific grant
from funding agencies in the public, commercials or not-
for-profit sectors.

References

1. European Carotis Surgery Trialists’ Collaborative Group. MRC
European Carotid Surgery Trial: Interim results for symptomatic
patients with severe (70-99%) or mild (0-29%) carotid stenosis.
Lancet. 1991;337(8752):1235-43.

2. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Benefical effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis. N Eng J Med.
1991;325(7):445-53.

3. Liapis CD, Bell PR, Mikhailidis D, Sivenius J, Nicolaides A,
Fernandes e Fernandes J, Biasi G, Norgren L; ESVS Guidelines
Collaborators. ESVS guidelines. Invasive tratment for carotid
stenosis:indications, techniques. Eur J Vasc Endovasc Surg.
2009;37(4):1-19.

4. Harbaugh KS, Harbaugh RE. Early discharge after carotid
endarterectomy. Neurosurgery. 1995;37(2):219-25.

5. Gumis F, Erkalp K, Sinikoglu SN, Sevdi MS, Yektag A, Polat A,
Kayalar N, Alagol A. Genel anestezi ile karotis endarterektomi
ameliyatlarinda bispektral indeks monitdrizasyonunun etkinligi.
GKDA Derg. 2013;19(1):31-6.

6. Watts K, Lin PH, Bush RL, Award S, MsCoy SA, Felkai D, Zhou
W, Nguyen L, Guerrero Ma, Shenaq Sa, Lumsden Ab. The impact of
anesthtetic modality on the outcome of carotid endaretectomy. Am J
Surg. 2004;188(6):741-7.

7. GALA Trial Collaborative Group, Lewis SC, Warlow CP, Bodenham
AR, Colam B, Rothwell PM, Torgerson D, Dellagrammaticas
D, Horrocks M, Liapis C, Banning AP, Gough M, Gough MJ.
General anaesthesia versus local anaesthesia for carotid surgery
(GALA): a multicenter, randomised controlloed trial. Lancet.
2008;372(9656:2132-42.

8. Wang Q, Li YH, Wang TL, Feng H, Cai B. Prospective effect of low-
dose sevoflurane inhalation and propofol anesthesia on the
myocardium after carotid endarterectomy: A randomised controlled
trial. Chin Med J. 2015;128(14):1862-6.

9. Allen BT, Anderson CB, Rubin BG, Thompson RW, Flye MW,
Young-Beyer P, Frisella P, Sicard GA. The influence of anesthetic
technique on  perioperative  complications  after  carotid
endarterectomy. J Vasc Surg. 1994;19(5):834-42.

10. Muskett A, McGreevy J, Miller M. Detailed comprasion of regional
and general anesthesia for carotid endareterectomy. Am J Surg.
1986;152(6):691-4.

11. Kasprzak PM, Altmeppen J, Angerer M, Mann S, Mackh J, Topel I.
General versus locoregional anesthesia in carotid surgery: A
prospective randomised trial. Vasa. 2006;35(4):232-8.

12. Forssell C, Takolander R, Bergqvist D, Johansson A, Persson NH.

Local versus general anesthesia in carotid surgery: A prospective
randomised study. Eur J Vasc Surg. 1989;3(6):503-9.

44



do

13.

15.

19.

20.

it 10.5455/medscience.2016.05.8516

Santamaria G, Britti RD, Tescione M, Moschella A, Bellinvia C.
Comprasion between local and general anesthesia for carotid
endareterectomy. Minerva Anestesiol. 2004;70(11):771-8.

. Sternbach Y, Illing KA, Zhang R, Shortell CK, Rhodes JM, Davies

M. Hemodynamic benefits of regional anesthesia for carotid
endarterectomy. J Vasc Surg. 2002;35(2):333-9.

Riles TS, Fischer FS, Schaefer S, Pasternak PF, Baumann FG.
Plasma catecholamines concentrations during abdominal aortic
aneurysm surgery: the link to perioperative myocardial ischemia. Ann
Vasc Surg. 1993;7(3):213-20.

. Marrocco-Trischitta MM, Tiezzi A, Svampa GM. Perioperative stress

response to carotid endarterectomy:the impact of anesthetic modality.
J Vasc Surg. 2004;39:1295-304.

. Hye RJ, Voeks JH, Malas MB, Tom M, Longson S, Blackshear JL,

Brott TG. Anesthetic type and risk of myocardial infarction after
carotid endarterectomy in the Carotid Revascularization
Endarterectomy versus Stenting Trial (CREST). J Vasc Surg.
2016,64(1):3-8.

. Siu A, Patel J, Hashemi H, Mukherjee D. A Cost-Effective Analysis

Comparing Regional to General Anesthesia for Carotid

Endarterectomy. J Vasc Surg. 2015;61(6):1018S.

Camerani S, Capuzzo M, Ieffa E, Pescolderung M, Braccini L, Volta
CA. Total intravenous anesthesia with superficial cervical block or
morphine transition in patients undergoing carotid endarterectomy.
Minerva Anestesiol. 2014;80(6):676-84.

Santis FD, Chaver CM, Pattaro C, Cesareo V, Cintio VD. A
prospective nonrandomised study on carotid surgery performed under

21.

22.

23.

24.

25.

26.

27.

28.

Med Science 2017;6(1):41-5

general anesthesia without intraoperative cerebral monitoring. J
Stroke Cerebrovasc Diseas. 2016;25(1):136-43.

Casati A, Spreafico E, Putzu M, Fanelli G. New technology for
noninvazive brain monitoring: continuous serebral oximetry. Minerva
Anestesiol. 2006;72(7-8):605-25.

Howell SJ. Carotid endarterectomy. BJ Anaesth. 2007;99(1):119-31.

Erward J. Norris. Chapter 52:Anesthesia for Vascular Surgery. Miller
RD, Ed. Miller’s Anesthesia, sixth edition, Churchill Livingstone.
2004;2100-4.

Godet G, Watremez C, El Kettani C, Soriano C, Coriat P. A
comparasion of sevoflurane, target-controlled infusion propofol and
propofol/sevoflurane anesthesia in patients undergoing carotid
surgery:a quality of anesthesia and recovery profile. Anesth Analg.
2001;93:560-5.

Riles TS, Kopelman I, Imparato AM. Myocardial infarction
following carotid endarterectomy: A review of 683 patients. Surg.
1979;85(3):249-52.

Lusby RJ, Wylie EJ. Complications of carotid endarterectomy. Surg
Clin North Am.1983;63(6):1293-302.

Umbrain V, Keeris J, D’Haese J, Verborgh C, Debing E, Van den
Brande P, Camu F. Isoflurane, desflurane and sevoflurane for carotid
endarterectomy. Anaesthesia. 2000;55(11):1052-7.

Karasu A, Kusgu DY, Bakag¢ G, Ofluoglu E, Akkoyun N, Yal¢iner B,
Dayan C, Bahar S, Kiris T,Uye M, Toplamoglu H. Carotid
Endarterectomy with Regional Anesthesia: An Audit of 71 cases.
Turk Neurosurg. 2009;19(1):21-8.

45



