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Abstract

Objective: This study aimed to determine the incidence of postoperative major adverse cardiac events for patients
undergoing carotid endarterectomy.

Methods: This single-center, retrospective study recruited |71 carotid endarterectomy patients between January 1999 and
June 2018. Patients who received a carotid endarterectomy in conjunction with other surgery were excluded. The primary
outcomes were the incidences of major adverse cardiac events (comprising myocardial infarction, significant arrhythmias,
congestive heart failure, and cardiac death) within 7 days, 7-30days, and > 30days—| year, postoperatively. The secondary
outcomes were the factors related to major adverse cardiac events and the incidence of postoperative stroke. The patients’
charts were reviewed, and direct contact was made with them to obtain information on their status post discharge.
Results: The incidences of major adverse cardiac events within 7days, 7-30days, and >30days—| year of the carotid
endarterectomy were 3.5% of patients (95% confidence interval: 0.008-0.063), 1.2% (95% confidence interval: 0.004-0.028),
and 1.8% (95% confidence interval: 0.002-0.037), respectively. The major adverse cardiac events occurring within 7 days
were arrhythmia (2.3% of patients), cardiac arrest (1.8%), myocardial infarction (1.2%), and congestive heart failure (1.2%),
while the corresponding postoperative stroke rate was 4.7%.

Conclusion: The 7-day incidence of major adverse cardiac events after the carotid endarterectomy was 3.5%. The most
common major adverse cardiac event during that period was cardiac arrhythmia.
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Introduction patients versus 26.5% for patients receiving best medical
treatment. In addition, our institution reported that 100

Carotid endarterectomy (CEA) is a treatment for patients patients who underwent CEA had a 1% perioperative

with significant carotid artery stenosis. It was first performed
successfully in 1953." Several trials have concluded that
CEA reduces the risk of ischemic stroke compared with
other forms of medical treatment.? The North American 'Department of Anesthesiology, Faculty of Medicine Siriraj Hospital,
Symptomatic Endarterectomy Trial (NASCET)® demon- zMah'dOI University, Bangkol, Thailand e . .
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CEA cases between January 1999 and June 2018

y
n=179 cases
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Excluded (n=8)
- CEA with CABG surgery (n=7)
- CEA with aortic surgery (n=1)
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Enrolled & Analyzed (n=171 cases)

Figure |. Flow chart of patient enrollment.

mortality rate and a 3% perioperative, major, adverse neuro-
logical event rate.’

However, the severity of carotid artery stenosis and the
extent of coronary artery disease (CAD) are significantly cor-
related.? Importantly, major adverse cardiac events (MACEs)—
including myocardial infarction (MI), cardiac arrhythmias,
congestive heart failure (CHF), and cardiac death—are signifi-
cantly correlated with CAD.® Consequently, those patients who
have undergone a CEA have a higher perioperative cardiovas-
cular risk and an increased risk of long-term mortality versus
the general population because of the systemic nature of ath-
erosclerosis.”® A previous study demonstrated a rate of 1.7%
for postoperative MACEs for this population.’

However, the variability of surgical and anesthesia tech-
niques might affect cardiovascular outcomes. The investiga-
tors aimed to determine the postoperative incidences of
MACEs at 7days, 7-30days, and >30days—1 year for CEA
patients at a tertiary-care center where the single surgical and
anesthesia technique was performed. The secondary out-
comes were the incidence of postoperative stroke and the
factors associated with MACEs.

Materials and methods

This retrospective, descriptive study included patients’
age > 18 years, undergoing a CEA at a tertiary-care, univer-
sity hospital between January 1999 and June 2018. The
exclusion criteria were the patients who underwent the CEA
in conjunction with other surgery, such as a coronary artery
bypass graft or aortic surgery in the same setting. The final
study population consisted of 171 patients (Figure 1). The
patients’ data were retrieved from their medical charts and
through direct contact with the individuals concerned to
obtain information on their status post discharge. Before the
research commenced, approval was obtained from the Siriraj
Institutional Review Board, Faculty of Medicine Siriraj
Hospital, Mahidol University (Si 556/2018). This study was
registered at clinicaltrials.gov (NCT03596229).

Surgical management

Patients were enrolled to the surgical list according to
NASCET criteria. The severity of carotid artery stenosis was
assessed by either magnetic-resonance angiography (MRA) or
computed tomography angiography (CTA). Ultrasonography
was also used as an additional tool to assess the flow velocity
at the lesion. Six surgeons at our institution performed the
CEAs, with routine use of intravascular shunts across the
clamp section of carotid artery, and saphenous vein or syn-
thetic patching for arteriotomy closures.

Anesthesia management

The preoperative evaluations were performed in accordance
with the 2014 ACC/AHA guidelines for the perioperative car-
diac evaluation and management of patients undergoing non-
cardiac surgery. Cardiologist consultation and proper specific
cardiac assessment were made following the guidelines.
Every patient was admitted the night before the surgery. The
CEAs were performed under general anesthesia, with moni-
toring following the protocol recommended by the American
Society of Anesthesiologists, including non-invasive blood
pressure, electrocardiography, pulse oximetry, and tempera-
ture. Arterial catheterization was performed before induction
of the anesthesia. As to neurological monitoring, intraopera-
tive electroencephalography was not available at our institu-
tion. Bispectral index (BIS) and near-infrared spectroscopy
(NIRS) were used in some selected cases, depending on the
judgment of the anesthesiologist in charge of the patient. The
patients were extubated at the end of the surgery for immedi-
ate neurological evaluation; they were subsequently trans-
ferred to the intensive care unit for close monitoring for 24 h
postoperatively.

Data collection

The variables collected were age, gender, body mass index
(BMI), ASA classification, medical comorbidities, charac-
teristics and severity of the carotid stenosis and contralateral
carotid stenosis, preoperative medications, and laboratory
investigations (hemoglobin and creatinine).

Patients without any neurologic symptoms within 6 months
before the surgery were considered asymptomatic. The event
which indicated surgery (transient ischemic attack (TIA) or
stroke, including amaurosis fugax, in the preceding 6 months)
was collected for symptomatic patients. Contralateral carotid
stenosis was defined as a narrowing of the carotid arteries
of = 50%, based on clinical investigation. Postoperative stroke
was defined as any new neurological abnormalities after the
surgery, within 7days, 7-30days, and 30days-1year,!
excluding metabolic or anesthetics cause, either confirmed by
initial computed tomography or clinical manifestation.

The intraoperative hypotensive time ratio was defined as
the summation of the intraoperative hypotensive time over
the total operative time (minutes). Intraoperative hypotension
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Table I. Incidence of postoperative, major, adverse cardiac events and stroke.

Within 7 days 7-30days 30days—I year
MACEs, n (%) 6 (3.5) 2(1.2) 3(1.8)
(95% Cl) (0.008-0.063) (—0.004 to 0.028) (-0.002 to 0.037)
Ml 2 (1.2) 0 (0) | (0.6)
Arrhythmia 4(2.3) 0 (0) | (0.6)
CHF 2 (1.2) 0 (0) | (0.6)
Cardiac arrest 3(1.8) 2 (1.2) 0(0)
Stroke, n (%) 8 (4.7) 0 (0) 0(0)

CHEF: congestive heart failure; MI: myocardial ischemia.

was defined as a systolic blood pressure<<90mmHg or a
diastolic blood pressure > 60 mm Hg.
The definitions of the MACEs used were as follows!' 13

MI: ST or non-ST elevation MI; unstable angina

Significant cardiac arrhythmias: dysrhythmia that caused
symptoms or hemodynamic instability (such as an atrial
flutter, atrial fibrillation, supraventricular tachycardia,
ventricular tachycardia, atrioventricular block, or symp-
tomatic bradycardia)

CHF: symptoms, signs, or radiographic findings sugges-
tive of heart failure, including dyspnea, orthopnea,
increased jugular venous pressure, pulmonary rales, car-
diomegaly, and pulmonary vascular engorgement

Cardiac death: any sudden death presumed to be of car-
diac origin

Study objectives

The primary objective was to determine the presence of
MACESs (M, significant cardiac arrhythmia, CHF, or cardiac
death) during the postoperative periods of 7 days, 7-30 days,
and 30 days—1 year. The secondary outcomes were to describe
the risk factors associated with the MACEs and the postop-
erative stroke rates for the corresponding time intervals.

Statistical analysis

Sample size calculation. Previous study from Go et al.’ reported
MACEs after cardiac endarterectomy were 1.7% in 30days.
After discussion with our statistician, the investigators per-
formed sample size calculation with Association of Public
Health Laboratories (APHL): Influenza Laboratory Testing
Sample Size Calculation formula, Rare/Novel influenza event
detection due to the low incidence of MACE after CEA; For-

Log (1 - @)
Log (1 - p)
sample size, & is the desired probability of observing at least

one rare/novel influenza event=95%, p is the expected
Rare +=0.017. Then the required sample size was 175 cases.

mula: Sample size (n)= , where 7 is the required

The baseline characteristics and categorical data, described
as numbers and percentages, were compared for the patients
with and without MACEs. The statistical package used was
PASW Statistics for Windows (version 18; SPSS Inc.,
Chicago, IL, USA). For each time interval, the incidences of
the primary and secondary outcomes were calculated, and the
95% confidence intervals (95% CI) were determined. The
authors compared age, BMI, gender, ASA classification, char-
acteristics and severity of carotid stenosis, medical comorbidi-
ties, preoperative laboratory investigation results, and the
intraoperative hypotensive time ratio using chi-square tests
and Fisher’s exact test. A p-value of less than 0.05 was consid-
ered to be statistically significant.

Results

The investigators established incidences of MACEs within
7days, 7-30days, and 30days—1year of 3.5%, 1.2%, and
1.8%, respectively. At 2.3%, cardiac arrhythmia was the
most common MACE to occur within 7 days. Postoperative
stroke (rate: 4.7%) only occurred within 7days postopera-
tively (Table 1).

As the MACEs were most commonly found within 7 days
of surgery, the authors performed a univariate analysis using
the 7-day data to identify the factors associated with postop-
erative MACEs. There were no statistically significant dif-
ferences in terms of age, gender, BMI, and ASA classification.
The majority of patients undergoing CEA were symptomatic
with severe stenotic lesion, but with no difference from the
asymptomatic patients in terms of the incidence of postop-
erative MACEs. There were also no differences in comor-
bidities, including CAD, peripheral arterial disease (PAD),
or atrial fibrillation. Moreover, the preoperative medications
of the two groups showed no statistically significant differ-
ences. Finally, although the intraoperative hypotensive time
ratio was slightly higher for the MACE group, it was not
statistically different (Table 2).

Most cardiac arrhythmias occurred early during the postop-
erative period (Table 3). The majority were corrected by medica-
tions and electrolyte supplementation. One patient developed
bradyarrhythmia requiring cardiologist consultation; a coronary
angiography that was subsequently performed showed coronary
stenosis. Eventually, the patient did not survive a MI (Table 3).
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Table 2. Characteristics of patients based on the presence of MACEs within 7 days postoperatively.

Characteristics MACEs within 7 days OR p-value
(95% Cl)
No (n=165) Yes (n=6)

Age (years) 69.6 -89 71.5+74 1.03 (0.93-1.13) 0.598
Gender

Female 44 (26.7%) 3 (50%) 2.75 (0.54-14.14) 0.226

BMI (kg/m?) 234=*3.6 222+37 0.91 (0.71-1.16) 0.435
ASA classification

2 2 (1.2%) 0 -

3 163 (98.8%) 6 (100%) -
Contralateral carotid stenosis 90 (54.5%) 4 (66.7%) 1.67 (0.30-9.35) 0.562
Characteristics of CEA
Asymptomatic 31 (18.8%) 2 (33.3%) 2.16 (0.38-12.34) 0.386
Symptomatic

Stroke 102 (61.8%) 3 (50%) 0.46 (0.07-2.85) 0.401

TIA 32 (19.4%) I (16.7%) 0.48 (0.04-5.62) 0.562
Severity of symptomatic stenosis

<50 | (0.6%) 0 -

50-69 6 (3.6%) I (16.7%) 2.58 (0.20-33.24) 0.467

70-99 127 (77%) 3 (50%) 0.37 (0.06-2.29) 0.282
Comorbidities
DM 66 (40%) 3 (50%) 1.50 (0.29-7.66) 0.626
Hypertension I51 (91.5%) 4 (66.7%) 0.19 (0.03-1.10) 0.064
DLP 119 (72.1%) 4 (66.7%) 0.77 (0.14-4.37) 0.771
CAD 54 (32.7%) 3 (50%) 2.06 (0.40-10.52) 0.387
PAD 17 (10.3%) I (16.7%) 1.74 (0.19-15.79) 0.622
Atrial fibrillation 10 (6.1%) | (16.7%) 3.10 (0.33-29.13) 0.322
Heart failure | (0.6%) 0 -
Stroke/TIA 84 (50.9%) 3 (50%) 0.96 (0.19-4.92) 0.965
Thoracic/abdominal AAA 7 (4.2%) 0 -
CKD 34 (20.6%) I (16.7%) 0.77 (0.09-6.82) 0.815
Preoperative medication
Aspirin 150 (91.5%) 6 (100%) -
Clopidogrel 89 (54.3%) 3 (50%) 0.84 (0.17—4.30) 0.837
Warfarin 10 (6.1%) 0 -
Statin 147 (89.6%) 6 (100%) -
Beta blocker 68 (41.2%) 4 (66.7%) 2.82 (0.50-15.86) 0.238
Calcium channel blocker 74 (45.1%) 1 (16.7%) 0.24 (0.03-2.13) 0.201
ACEI/ARB 79 (48.2%) 3 (50%) 1.08 (0.21-5.49) 0.930
Preoperative Cr I.1(0.9-1.4) [.1(0.9-1.3) 0.59 (0.08-4.01) 0.590
Preoperative Hb 12.4 (11.0-13.7) 12.4 (10.2-12.4) 0.77 (0.49-1.19) 0.235
Intraoperative hypotensive time 0.2 (0.1-0.4) 0.3 (0.9-0.3) 0.51 (0.01-32.0) 0.748

ratio (hypotensive/operative
time (mins))

Data presented as mean = SD or median (IQR) or n (%). ACEI/ARB: angiotensin converting enzyme/angiotensin receptor blockers; ASA: American
Society of Anesthesiology; BMI: body mass index; CAD: coronary artery disease; CKD: chronic kidney disease; Cr: creatinine; DLP: dyslipidemia; DM:
diabetes mellitus; Hb: hemoglobin; PAD: peripheral artery disease; TIA: transient ischemic attack; SD: standard deviation; OR: odds ratio; Cl: confidence

interval.

Discussion

In this retrospective study, the incidence of MACEs after CEA
was highest 3.5% (95% CI: 0.008-0.063) within 7 days of the
CEA surgery, followed by 1.2% (95% CI: 0.004—0.028) within
7-30days, and 1.8% (95% CI: 0.002—0.037) within 30days—
lyear. Cardiac arrhythmia was the most common form of

MACE to occur within 7 days of the procedure. As to the sec-
ondary outcomes, the incidence of stroke was also highest,
and it was only found within 7 days postoperatively (4.7%).
There are some possible biological bases to explain the high
incidence of MACEs observed by this study. First, it is related
to inflammation generated by a CEA. Several inflammatory
cytokines—such as tumor necrosis factor and interleukin, and
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Table 3. Classification of cardiac arrhythmia within 7 days.

No. I 2 3 4
Type of arrhythmia ~ PVC bigeminy Paroxysmal SVT, prolonged QT AF with RVR Bradycardia
Postoperative day 0 0,5 | 2
Characteristics
of patients
Age (years) 64 75 8l 65
Sex Male Female Female Male
Comorbidities CAD, TIA HT HT, TIA CAD, CKD, DM, DLP, PAD, stroke
Treatment Supportive Supportive Medication Medication
- Monitor EKG - Magnesium supplement - Atenolol prescription - Atropine, Dopamine
- Observe - Pain control - Consult cardiologist
- Monitor EKG - CAG
Outcome Resolved Resolved Improved Worse NTEMI, cardiac arrest,
(turn to sinus rhythm)  death

AF: atrial fibrillation; CAG: coronary angiography; PVC: premature ventricular contraction; RVR: rapid ventricular response; SVT: supraventricular

tachycardia.

the generation of byproducts of lipid oxidation—have hostile
effects on the integrity and function of endothelial cells. They
eventually lead to a prothrombotic state, which could favor the
risk of postoperative MACEs and stroke after a CEA.'%!3
Second, a CEA can cause hemodynamic instability because the
procedure site is in proximity to the carotid sinus, which has a
baroreceptor function. A reduced carotid sinus sensitivity
caused by a CEA is associated with increased sympathetic
activity; in turn, this can lead to cardiovascular diseases, includ-
ing coronary vasoconstriction, platelet aggregation, impaired
ventricular remodeling, and life-threatening arrhythmia.'®!”?
Finally, the concomitant existence of CAD in the CEA popula-
tion, as aforementioned, contributes to MACE:s.

In contrast, a 2015 study by Vilarino-Rico et al. found that
the MACE rates at 1, 3, and 5years were 3.1%, 9.3%, and
15.8%, respectively.'® Moreover, other research by Go et al.
showed MACE incidences of 1.7%, 18.4%, and 31.5% at
30days, 5years, and 10 years, respectively.” The lower inci-
dences of MACEs found by this study would most likely be
the result of its relatively smaller number of CEA cases and
shorter follow-up time.

Moving on to the factors associated with MACEs after a
CEA, earlier studies”!®!° reported that previous CAD, PAD,
and contralateral carotid artery stenosis represented more
than 50% of the significant risk factors. In the case of the
current investigation, the authors were unable to identify any
statistically significant factors associated with the MACEs
arising within 7 days of the surgery.

PAD has been found to be a prognostic factor for adverse
cardiovascular events after CEA. From the Reduction of
Atherothrombosis for Continued Health (REACH) Registry,
patients with PAD were found to have a MACE rate of
21.14% 1-year postoperatively.?’ This is substantially higher
than the corresponding rate revealed by the present research
(1.8%). The relatively low MACE rate might partly be
explained by the incidence of PAD in the current work’s

study population (10%) being considerably lower than the
REACH Registry’s PAD rate of 25%-30%.2°

The Stenting and Angioplasty with Protection in Patients
at High Risk for Endarterectomy (SAPPHIRE) trial?' found
that a history of MI and diabetes was a high-risk factor for
major adverse cardiovascular and cerebrovascular events.
Consequently, that research team recommended increased
attention for patients with such a history. By contrast, the
present investigation did not find any significant relationship
between MACE:s and either a history of MI or diabetes. The
inclusion of higher-risk patients in the SAPPHIRE study
may explain the discordant results.

Interestingly, the authors found that cardiac arrhythmia
was the most common complication within 7 days postopera-
tively. However, 75% of those events were minor (such as
paroxysmal ventricular contraction and supraventricular
tachycardia), occurred temporarily, and could be controlled
with medications and supportive treatments (see Table 3).
The results from the current study may shed more light on
this issue as we found that close postoperative monitoring of
the CEA patients to rapidly detect cardiac arrhythmia and
provide prompt treatment was vital.

Some studies have mentioned that antiplatelets and
statins®?>?3 demonstrated a protective effect for cerebrovas-
cular disease in that they reduced the incidence of cardiovas-
cular events in stroke and TIA patients. Due to the high
prescription rate of those medications in the population used
in the present research, the authors were not able to observe
any such relationship.

In anesthesia perspective, preoperative cardiac assess-
ment can be very helpful to screen and guide anesthesiolo-
gists to prevent perioperative MACEs for these high-risk
patients. However, to the current knowledge, there is no spe-
cific cardiac screening guideline for this group of patients. In
the author’s center, pre-anesthetic clinic uses the 2014 ACC/
AHA guideline on perioperative cardiovascular evaluation
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and management of patients undergoing noncardiac surgery
as a guide for cardiac or specific consultation. Interestingly,
if the incidence of MACEs after major vascular surgery is
widely reported, specific guideline for this group of patients
should be developed. Preoperative antiplatelet especially
clopidogrel and aspirin in patients with recent symptomatic
carotid stenosis is more effective than aspirin alone in reduc-
ing asymptomatic embolization, which is markers of future
stroke and TIA risk.>* Regarding the anesthesia technique,
Vaniyapong et al.® reported no statistical difference in
choices of anesthesia (local versus general anesthesia) and
mortality rate in patients undergoing CEA. Although, spe-
cific intraoperative neurological monitoring in patient popu-
lation is well established to help reduce adverse neurological
outcome,**?’ cardiac monitoring shows no significant bene-
fit in reduction of MACEs. In terms of arterial blood pres-
sure management, phase of surgery is important. Concerning
about “watershed” area during carotid cross-clamping, arte-
rial pressure should be elevated to between normal values
and 20% above baseline.?® However, intraoperative hyper-
tension can also make surgical shunt placement more diffi-
cult and has been associated with intracerebral hemorrhage.
So, on balance, it is prudent to avoid hypotension, particu-
larly during the period of carotid cross-clamping, whereas
after restoration of flow, it is preferable to avoid hyperten-
sion to prevent hematoma, myocardial ischemia, and cere-
bral hyperperfusion.?

The strength of this single-center study was that the CEA
procedures utilized similar surgical and anesthetic tech-
niques. Therefore, other confounders were scant. However,
the research had some limitations. First, it is a retrospective
study, some data might be missing and no control of some
important factors, such as BIS or NIRS monitoring. However,
with the low number of patients performing this operation,
retrospective study design is inevitable. Second, compared
to previous studies, this study has a smaller sample size and
a relatively short follow-up period. To the investigator’s
knowledge, this is still the largest retrospective cohort study
of MACEs after CEA in a developing country. The result
about the risk of cardiac arrhythmias within 7 days postop-
eratively should be useful and benefit for improving the
perioperative care of CEA patients.

Conclusion

The incidence of MACEs after CEA was 3.5% within 7 days,
with the most common complication being cardiac arrhyth-
mia. Consequently, patients undergoing CEA represent a
high-risk group, and the need for close postoperative moni-
toring is emphasized.

Unfortunately, the investigators could not identify any
significant risk factors associated with the MACEs occurring
in the population during the 7-day postoperative period.
Future studies drawing on larger sample sizes and longer
follow-up periods are needed.
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